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Abstract

Background: Sleep disturbance and its daytime sequelae, which comprise complex, transdiagnostic sleep problems, are pervasive
problems in adolescents and young adults (AYAs) and are associated with negative outcomes. Effective interventions must be
both evidence based and individually tailored. Some AYAs prefer self-management and digital approaches. Leveraging these
preferences is helpful, given the dearth of AYA treatment providers trained in behavioral sleep medicine. We involved AYAs in
the co-design of a behavioral, self-management, transdiagnostic sleep app called DOZE (Delivering Online Zzz’s with Empirical
Support).

Objective: This study tests the feasibility and acceptability of DOZE in a community AYA sample aged 15-24 years. The
secondary objective is to evaluate sleep and related outcomes in this nonclinical sample.

Methods: Participants used DOZE for 4 weeks (2 periods of 2 weeks). They completed sleep diaries, received feedback on
their sleep, set goals in identified target areas, and accessed tips to help them achieve their goals. Measures of acceptability and
credibility were completed at baseline and end point. Google Analytics was used to understand the patterns of app use to assess
feasibility. Participants completed questionnaires assessing fatigue, sleepiness, chronotype, depression, anxiety, and quality of
life at baseline and end point.

Results: In total, 83 participants created a DOZE account, and 51 completed the study. During the study, 2659 app sessions
took place with an average duration of 3:02 minutes. AYAs tracked most days in period 1 (mean 10.52, SD 4.87) and period 2
(mean 9.81, SD 6.65), with a modal time of 9 AM (within 2 hours of waking). DOZE was appraised as highly acceptable (mode≥4)
on the items “easy to use,” “easy to understand,” “time commitment,” and “overall satisfaction” and was rated as credible (mode≥4)
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at baseline and end point across all items (logic, confident it would work, confident recommending it to a friend, willingness to
undergo, and perceived success in treating others). The most common goals set were decreasing schedule variability (34/83, 41%
of participants), naps (17/83, 20%), and morning lingering in bed (16/83, 19%). AYAs accessed tips on difficulty winding down
(24/83, 29% of participants), being a night owl (17/83, 20%), difficulty getting up (13/83, 16%), and fatigue (13/83, 16%). There
were significant improvements in morning lingering in bed (P=.03); total wake time (P=.02); sleep efficiency (P=.002); total
sleep time (P=.03); and self-reported insomnia severity (P=.001), anxiety (P=.002), depression (P=.004), and energy (P=.01).

Conclusions: Our results support the feasibility, acceptability, credibility, and preliminary efficacy of DOZE. AYAs are able
to set and achieve goals based on tailored feedback on their sleep habits, which is consistent with research suggesting that AYAs
prefer autonomy in their health care choices and produce good results when given tools that support their autonomy.

Trial Registration: ClinicalTrials.gov NCT03960294; https://clinicaltrials.gov/ct2/show/NCT03960294

(JMIR Form Res 2021;5(11):e25392)   doi:10.2196/25392

KEYWORDS
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Introduction

Background
Emerging adulthood is a time of risk for sleep problems. An
epidemic of shortened sleep times and resultant sleepiness in
teens and young adults has been reported worldwide [1,2]. Sleep
problems are reported in two-thirds of adolescents and young
adults (AYAs) [3-5] and are linked to academic and mental
health problems and suicidality [6-11]. AYAs also experience
a pubertal shift toward later or delayed circadian rhythmicity,
such that they become tired later, resulting in later rise times,
although they must maintain early rise times to attend school
[12-15]. This biological shift toward a later sleep onset time is
further compounded by the fact that AYAs are sensitive to
evening light [12,16,17] and are exposed to academic (eg, early
school start times) and social pressures (eg, peers reinforcing
later activities), which can increase sleeplessness. Moreover,
some AYAs exert control over what they eat and drink (eg,
caffeine) without an adequate understanding of the consequences
of particular behaviors on their sleep and general health [18].
As a result, AYAs have chronic sleep loss, resulting in
pathological sleepiness, a condition associated with an increased
risk of motor vehicle accidents and poor emotional,
interpersonal, and academic functioning [19,20].

Providing accessible interventions for sleep problems is crucial
to mitigate personal, social, and economic costs. Treatment
options for most sleep problems typically consist of
pharmacological and behavioral approaches [21,22]. Sleep
medications are associated with significant concerns regarding
use by AYAs [23]. Although cognitive behavioral therapy for
insomnia (CBT-I) approaches are the most efficacious for
helping individuals with insomnia with few troublesome side
effects [24], few AYAs have access to behavioral sleep medicine
treatments [25,26]. Furthermore, CBT-I protocols (when
accessible) do not target the range of sleep problems that AYAs
experience beyond insomnia symptoms, including hypersomnia,
excessive daytime sleepiness (eg, from voluntary sleep
restriction), delayed phase circadian rhythm, and often
uninformed use of sleep-interfering substances, some of which
may be experienced concurrently, highlighting the promise of
transdiagnostic behavioral sleep treatments for AYAs [27-29].
There are multiple barriers to accessing nonpharmacological

evidence-based sleep treatments, including poor dissemination
of CBT-I and behavioral sleep treatments in real-world settings
[30] and a shortage of providers who are trained in such
treatments [31]. It is clear that AYAs have diverse sleep
problems (ie, not just insomnia) and require tailored
evidence-based strategies that comprehensively address these
diverse needs, making transdiagnostic cognitive behavioral
treatments [32] a more suitable option than nonadapted CBT-I.

Smartphone apps are uniquely suited to improve access for
those who are not seeking treatment but are nevertheless at risk
as well as treatment-seeking groups with poor access to
evidence-based treatments, and reportedly increase users’
motivation, goal-setting, and confidence in and control over
their ability to enact health-promoting behavior change [33].
AYAs are drawn to technology; therefore, technology provides
an opportunity to directly reach this large invisible at-risk cohort
for whom sleep disorders contribute to psychopathology and
vice versa [34,35]. Although there are web-based programs for
infant (aged 6-36 months) [36], pediatric (aged 1-8 years)
[37,38], adolescent [39-41], and adult sleep disturbances [42],
there are no evidence-based transdiagnostic programs that
adequately address the multitude of sleep problems observed
in AYAs and that span both adolescence and young adulthood.
Put differently, as some of the sleep problems of AYAs are
unique and go beyond insomnia (eg, voluntary sleep restriction,
circadian phase delay, and poor sleep hygiene), pediatric and
adult programs are not suitable for this age group.

Objective
In response to a dearth of appropriate treatment options for
AYAs with a range of sleep difficulties beyond insomnia, we
created a self-management app called DOZE (Delivering Online
Zzz’s with Empirical Support), which was co-designed by AYAs
in user consultation sessions conducted by the developers of
the app. DOZE is based on the principles of cognitive behavioral
sleep medicine [32] and allows AYAs access to effective,
tailored strategies to address a range of sleep problems (eg,
insomnia, daytime sleepiness, and delayed phase circadian
rhythms), which also range from subclinical to clinical in terms
of their severity. Importantly, consistent with their preferences
for technology and autonomy and as revealed by the user
consultation sessions, the self-management approach entrusts
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AYAs to set their own goals and make their own health behavior
changes when provided with the tools and education to do so.
This study reports on an open trial evaluating the app’s
feasibility over a 4-week intervention period. The primary
objective of this study is to evaluate whether AYAs regard
evidence-based cognitive behavioral strategies in a
self-management app (DOZE) as acceptable and credible.
Toward the aim of evaluating feasibility, we also want to
understand how AYAs use DOZE and which aspects of the app
they find most valuable. As AYAs co-designed the app, we
hypothesize that AYAs would rate the app as acceptable and
credible and report high satisfaction. No a priori hypotheses are
made regarding which aspects of the app would be most valuable
to AYAs, and an exploratory analysis of app use patterns is
conducted to understand which aspects of the app are most
useful and to provide further insight into AYAs’ primary sleep
complaints and treatment goals.

The secondary objective is to examine preliminary efficacy,
acknowledging that these results may be quite modest because
of the range of sleep problems addressed (eg, both insomnia
and hypersomnia) and that, without sleep disturbance severity
as part of the inclusion criteria, we might recruit a subclinical
sample. Outcomes focus on whether DOZE positively affects
health-related behavior change, improvements in daytime
symptoms (ie, sleepiness, fatigue, energy, and psychological
symptoms), and health-related quality of life. We hypothesize
that AYAs who use DOZE would see improvements in sleep
indices at end point. Furthermore, we hypothesize that the use
of DOZE for 4 weeks may contribute to improvements in
energy, mood, and health-related quality of life at end point
compared with baseline.

Methods

Participants
Individuals between the ages of 15 and 24 years with
self-reported dissatisfaction with their sleep were eligible to
participate in this web-based study. Given that a clinical
diagnosis of a sleep disorder is not required to use DOZE (ie,
any AYA who wants to improve sleep can use it), this study
did not have any other inclusion or exclusion criteria to be able
to generalize the results of this study to the population that will
use DOZE. Self-reported dissatisfaction with sleep was queried
with a single question, “How do you feel about your sleep?”
and participants could respond using an open textbox. Computer
and internet literacy of participants was assumed. Participants
were recruited using posters at Ryerson University and in the
downtown Toronto community, dissemination of study
information to mental health providers via listservs of
professional organizations (eg, Canadian Association for
Cognitive and Behavioural Therapy and Ontario Psychological
Association), and via social media (eg, Twitter and Facebook).
Recruitment materials advertised the opportunity for AYAs
who were dissatisfied with their sleep or were experiencing
difficulty sleeping to participate in a study testing a new sleep
app for 4 weeks. Participation in this study was
quasi-anonymous. Email confirmation was used to detect repeat
participation. All participants provided informed consent and

completed a quiz assessing their understanding of critical
components of the consent form (detailed in the Procedure
section).

Intervention: DOZE App
DOZE [43] is a transdiagnostic, self-management, cognitive
behavioral web-based app for sleep disturbance among AYAs.
It is freely accessed from a web browser on any device (ie, it is
not downloaded on a device). DOZE was designed using an
iterative, experience-based co-design process that included
feedback from AYA users and health care provider stakeholders
[44-46]. Initial design consultation interviews conducted by an
industry partner with AYA stakeholders revealed that, in
addition to including a sleep diary for self-monitoring, AYAs
wanted an app that provides feedback on their personal sleep
habits (over and above feedback on their sleep), opportunities
for goal-setting, and tips on how to make changes to their sleep.
Following this initial phase, a user-informed redesign of DOZE
was conducted with an industry partner (PIVOT Design),
consistent with standard app development processes [47],
including 6 user assessments with AYAs (aged 15-24 years) on
iterative prototype versions of the app and consultations with
health care provider stakeholders. Of note, AYAs who
contributed to the co-design of DOZE were not participants in
this study. Additional details about the co-design process are
presented in Multimedia Appendix 1.

The final version of DOZE includes a sleep diary, adapted with
permission from the Consensus Sleep Diary [48], comprising
8 questions that assess the following: bedtime (ie, time of getting
into bed whether or not it was to initiate sleep), time of sleep
attempt (ie, time of trying to sleep), time it took to fall asleep
(sleep onset latency [SOL]), total time awake in the night (wake
after sleep onset), time of final awakening (ie, time of waking
in the morning), rise time (ie, time of getting out of bed), amount
of time spent napping, and use of sleep-interfering substances
within 2 hours of bedtime. DOZE’s onboarding screens
instructed participants to complete their sleep diary every
morning within 2 hours of waking, and they were reminded of
this using a pop-up notification if they completed it that same
day outside of the 2-hour window. Completing an entry for the
previous day was not permitted. Participants also received an
automated reminder email each morning to complete the diary.
Sleep indices were calculated based on information provided
by the sleep diary, including SOL, variability in rise time (range
of earliest to latest rise time), variability in bedtime (range of
earliest to latest bedtime), wake after sleep onset, morning
lingering in bed (the difference between time of final awakening
and rise time), total sleep time (TST; total time spent asleep),
total wake time (TWT; total time spent awake during the sleep
period), time in bed (TIB; bedtime to rise time), and sleep
efficiency (SE; percent of TIB spent asleep). Participants were
able to view their average sleep indices over a 2-week period
on a personalized dashboard.

After completing 2 weeks of sleep diaries, DOZE provides
personalized feedback on sleep indices (TST, SOL, TWT, TIB,
and SE) relative to age-adjusted norms [4] by indicating whether
their indices are normal, too high, or too low on the Progress
screen. Users then have the opportunity to set goals to improve
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their sleep in problem areas that are identified (ie, indices are
outside the normal range). Feedback areas, which all represent
components of evidence-based treatment [32], include naps,
too much/too little TIB, sleep-interfering substances, lingering
in bed in the morning, sleepiness, and jetlag without traveling
(ie, sleep schedule variability). AYAs have the opportunity to
set personalized goals in these areas (eg, reduce jetlag by 1 hour,
2 hours, or 3 hours), which are added to their personal
dashboard, or they may choose not to set goals in identified
areas, accounting for various stages of readiness to change.
Notably, if a feedback area is not relevant to the individual based
on their sleep indices (eg, they are spending a normal amount
of TIB), they are not provided the opportunity to set a goal to
improve in that area (eg, they are not shown the feedback area
too much/too little TIB). In addition, participants could access

a Tips section that included quizzes and psychoeducation about
hyperarousal (difficulty winding down), chronotype (night owl
living in an early bird’s world), difficulty getting out of bed in
the morning, daytime sleepiness (trouble staying awake during
the day), and fatigue (exhausted). Tips can also be saved to
participants’dashboards for a personalized user experience, and
all participants have access to all of the tips. After setting goals,
participants then complete sleep diaries for an additional 2 weeks
and, at the conclusion of the second 2-week period, they are
able to see a comparison of their progress between weeks 1-2
and weeks 3-4 on their dashboard. Screenshots of the example
progress, goal-setting, and tips screens are presented in Figure
1. Participants did not receive any other support or interventions
in this study.

Figure 1. Screenshots of Delivering Online Zzz’s with Empirical Support: progress and feedback, goal-setting, and tips.

Measures
Outcomes were assessed using analysis of aggregate DOZE use
during the study period and through the completion of
web-based qualitative and quantitative questionnaires.

Feasibility and Acceptability
Treatment acceptability, credibility, and satisfaction were
assessed using both quantitative and qualitative measures. A
5-item Treatment Evaluation Questionnaire (TEQ) was
administered at baseline and end point and assessed participants’
perceptions of DOZE as a logical treatment, beliefs that it would
be successful, confidence in referring it to a friend, willingness
to undergo treatment, and whether they thought it was successful
in treating others [49]. As reviewed in the Introduction section,
DOZE is a self-management intervention rather than a treatment
for clinical sleep disorders. The use of the word treatment in
evaluating the perceived credibility of DOZE reflects the
verbatim wording of each item of the TEQ, which has been used
in previous clinical trials of sleep medicine treatments [50].
Each item is scored from 1 (not at all) to 7 (very), with higher
scores reflecting greater perceived credibility and satisfaction
with DOZE. In addition, a 6-item Acceptability Scale was

designed for the purpose of this study and administered at end
point. This measure assessed participants’ attitudes regarding
ease of use, understandability, enjoyment, perceived helpfulness,
time commitment, and overall satisfaction. Participants rated
each item on a scale of 1-5, with higher scores denoting greater
acceptability and more favorable attitudes toward DOZE. In
addition, participants completed a qualitative exit questionnaire
about their experience using DOZE at end point, including how
they felt about their sleep and the goals they set, what they liked
and did not like, and whether there was anything they would
change about DOZE. An analysis of qualitative responses will
be reported in a separate paper.

Google Analytics was used to provide additional information
about DOZE use, including the number of page views; where,
when, and how DOZE was accessed; and the mean length of
sessions using DOZE. Consistent with what is available on the
Google Analytics website, only averages are provided, as other
measures of central tendency are unavailable.

Preliminary Efficacy
Improvements in sleep and sleep-related behaviors were
evaluated by analyzing changes in the following sleep and
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behavioral indices derived from the sleep diary: variability in
bedtime, variability in sleep attempt, variability in wake time,
variability in rise time, morning lingering in bed, SE, TST,
TWT, TIB, duration of naps, and frequency of sleep-interfering
substance use. In addition, participants completed self-report
questionnaires at baseline and end point to investigate whether
the use of DOZE for 4 weeks contributed to improvements in
insomnia severity, chronotype, daytime symptoms, and
health-related quality of life.

The Insomnia Severity Index (ISI [51]) is a 7-item scale that
evaluates self-reported sleep disturbances. Items are scored on
a 5-point Likert scale from 0 (no sleep difficulty) to 4 (severe
sleep difficulty), with total scores ranging from 0 to 28. A cutoff
score of 10 distinguishes between good and poor sleepers in
adult community samples [52]. Previous research has suggested
a cutoff score of 9 among adolescent samples [53]; however,
because of the larger proportion of young adults in our sample
relative to adolescents (see the User Characteristics section),
we used the more conservative cutoff score of 10 with the
understanding that clinical levels of insomnia may be
underestimated in our sample. The ISI has been validated in
AYA samples and is a validated outcome measure with good
psychometric properties [53-56].

Chronotype, which refers to one’s endogenous circadian
preference, was measured using the 13-item Composite Scale
of Morningness (CSM [57]). Total scores range from 13 to 55,
with higher scores reflecting greater morningness preference;
based on established cutoffs, scores between 44 and 55 indicate
morning type, between 23 and 43 indicate intermediate type,
and between 13 and 22 reflect evening type [57]. The CSM has
been validated in samples of adolescents and undergraduate
students [57-59].

Fatigue was measured using the Fatigue Severity Scale (FSS
[60]). The FSS is a 9-item scale measuring impairment related
to fatigue, and items are rated on a Likert scale from 1 (no
impairment) to 7 (severe impairment). A mean item score is
calculated, with higher scores indicating more severe fatigue.
The FSS has demonstrated convergent validity with a visual
analog scale for fatigue [60] and has previously been used to
measure fatigue in clinical samples of adolescents [61,62].

Daytime sleepiness was measured using the Cleveland
Adolescent Sleepiness Questionnaire (CASQ) [63], which
comprises 16 items scored on a 5-point Likert scale ranging
from never to almost every day. Items are scored to yield a total
score, as well as a Sleepiness subscale and a reverse-coded
Alertness subscale, with higher scores indicating greater daytime
sleepiness. The CASQ has been validated in samples of clinical
and nonclinical adolescents [63].

The Center for Epidemiologic Studies Depression Scale–Revised
10-item Version for Adolescents (CESDR-10 [64]) was included
to evaluate depression symptom severity. The item assessing
suicidality was removed to mitigate risk (because of the nature
of the web-based study), leaving a 9-item scale. Participants
rated the frequency of each symptom during the past 2 weeks,
ranging from 0 (not at all or less than 1 day) to 4 (nearly every
day for 2 weeks). In this study, total scores ranged from 0 to 36,
with higher scores reflecting greater depression symptom

severity. The CESDR-10 has demonstrated excellent internal
consistency in adolescents and is a valid screening measure for
depression [64].

Anxiety symptoms were assessed using the State-Trait Inventory
of Cognitive and Somatic Anxiety (STICSA [65]), which
comprises scales assessing the presence of cognitive and somatic
symptoms of anxiety at the moment it is being completed (State)
and in general (Trait). The State and Trait scales include 21
statements, and agreement is rated on a scale from 1 (not at all)
to 4 (very much so). Total scores on both scales range from 21
to 84. The STICSA has demonstrated reliability and validity in
undergraduate and adolescent samples [66-68] and has
demonstrated sensitivity to change [68].

The RAND 36-item Short Form Health Survey 1.0 (SF-36 [69])
was included in this study to evaluate health-related quality of
life. The SF-36 consists of 36 items that assess the following
domains (scales): physical functioning, role
functioning–physical, role functioning-emotional, energy,
emotional well-being, social functioning, pain, and general
health. Each scale score ranges from 0-110, with higher scores
denoting better health functioning. Each scale has demonstrated
adequate to excellent internal consistency [70].

Procedure
Interested AYAs were directed to the DOZE website, where
they were provided with a consent form and details of our
privacy policy. As the study took place on the web, a brief quiz
followed the consent form to ensure that participants understood
key aspects of informed consent, including the purpose of the
study, risks and benefits of participation, and limits of
confidentiality. After the provision of informed consent,
participants received a randomly generated 5-digit study ID and
completed a battery of questionnaires using Qualtrics, which
included a demographic form and the ISI, FSS, CSM, CASQ,
CESDR-10, STICSA State and Trait, SF-36, and TEQ. At the
end of the questionnaires, participants received a link to access
DOZE and create an account.

As indicated by the in-app onboarding process, participants
were instructed to use DOZE for 2 weeks (ie, period 1), after
which they would receive personalized feedback on their sleep,
have the opportunity to set goals and access tips, and track their
sleep for 2 more weeks (ie, period 2) to examine their progress.
Participants were contacted via email by the study coordinator
to maintain adherence with sleep tracking if they missed several
consecutive days of completing the sleep diary and were sent
a standardized email encouraging them to get back on track the
next day. Following the completion of the 4-week study period,
participants were emailed a link to complete the web-based
posttest battery of questionnaires that included the ISI, FSS,
CSM, CASQ, CESDR-10, STICSA State and Trait, SF-36, and
TEQ, as well as the Acceptability Scale and the Qualitative Exit
Questionnaire. Participants were compensated CAD $12.50
(US $9.79) for each study component that they completed; thus,
participants who completed all 4 components of the study were
emailed a CAD $50 (US $39.17) gift card honorarium for their
participation. This study was approved by the research ethics
board of Ryerson University, Toronto, Canada. Data collection
took place between September 2019 and January 2020. There
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were no significant changes to the methods of the study or the
intervention (eg, bug fixes, downtimes, or content changes)
while this study was underway.

Statistical Analysis
User characteristics, including self-reported demographic and
baseline clinical characteristics as well as sleep indices from
period 1, were evaluated using descriptive statistics for all
participants who created a DOZE account. The demographic
characteristics and scores on all self-report measures at baseline
were compared between early dropouts (ie, before, during, and
after the baseline questionnaires) and those who went on to
create a DOZE account to assess for possible differences, as
well as between all dropouts and those who completed the study
(study finishers). To evaluate the feasibility of DOZE, including
the characteristics and app use patterns of all DOZE users,
analyses of app use (ie, number of days of sleep diary
completion, use of goals and tips, and Google Analytics)
included participants who created an app account regardless of
whether or not they completed the study. Histograms and P-P
plots were generated for visual inspection of normality, and
extreme outliers on sleep indices were removed on the basis of
visual inspection of boxplots. Descriptive statistics were used
to analyze demographic and clinical characteristics. Patterns of
app use were analyzed using descriptive statistics and Google
Analytics.

Owing to insufficient sleep diary data from DOZE users who
did not complete the study (32/83, 39%), sleep diary indices

are only presented for study finishers. In addition, analyses
evaluating acceptability, credibility, and satisfaction with DOZE,
and examining the efficacy of DOZE in improving sleep indices
and self-reported measures of sleep and daytime functioning
were only conducted among study finishers. Paired sample
2-tailed t tests were used to analyze changes in satisfaction with
DOZE from baseline to end point, and acceptability was
analyzed using descriptive statistics. Changes in sleep indices
from period 1 to period 2 were analyzed using paired sample t
tests. Similarly, paired sample t tests with 1000 bootstrapped
samples were used to evaluate differences in self-reported
insomnia severity, daytime symptoms, and health-related quality
of life from baseline to end point to account for slight deviations
from normality. Effect sizes were calculated for all analyses of
change from baseline to end point using Cohen d for repeated
measures. Unless otherwise specified, all analyses were
performed using SPSS for Mac version 26 (IBM Corporation).

Results

User Characteristics
In total, 154 participants consented to participate in this study
(Figure 2). Of the 154 participants who consented to participate,
71 (46.1%) dropped out during the baseline questionnaire
process. Over half of the participants (83/154, 53.9%) created
an app account and completed some tracking. Approximately
33.1% (51/154) of participants completed all 4 components of
the study (baseline questionnaires, first 2 weeks of sleep diaries,
second 2 weeks of sleep diaries, and end point questionnaires).

Figure 2. Flowchart of participants. DOZE: Delivering Online Zzz’s with Empirical Support.

Demographic characteristics were analyzed using data from all
DOZE users (83/83, 100%; Table 1). Participants were on

average 20.17 years (SD 2.49 years). Out of the 83 participants,
20 (24%) were adolescents (between the ages of 15 and 18
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years) and 63 (76%) were young adults (between the ages of
19 and 24 years). The sample was predominantly female (57/83,
69%) and European Canadian (37/83, 45%). Most participants
were not currently seeing a health care professional for the
purpose of a sleep problem (79/83, 95%) or a mental disorder
(69/83, 83%). Despite low levels of treatment-seeking, the
average score on the ISI indicated sleep disturbance in the mild
range (mean 12.48, SD 4.67), and 76% (63/83) of participants
exceeded the clinical cutoff on the ISI (ie, score>10). In addition,
the sample was characterized by high levels of fatigue, as
indicated by the FSS (mean 4.73, SD 1.01) and the energy scale
of the SF-36 (mean 35.71, SD 18.24) and daytime sleepiness
(mean 45.14, SD 9.47) and on average had an intermediate
chronotype on the CSM (mean 30.07, SD 7.16). Levels of state

(mean 42.25, SD 12.73) and trait anxiety (mean 42.71, SD
13.15), as well as depression (mean 16.85, SD 8.30), were mild
in this sample. Notably, early dropouts of the study (ie, before,
during, and after the baseline questionnaires) did not differ from

DOZE users on age (t114=0.40; P=.69), gender (χ2
2=3.0; P=.22),

ethnicity (χ2
9=16.3; P=.06), ISI (t124=1.17; P=.25), FSS

(t124=1.08; P=.28), CMQ (t118=0.63; P=.53), CASQ (t113=−0.60;
P=.55), STICSA State (t111=0.74; P=.46), STICSA Trait
(t104=0.41; P=.69), CESDR-10 (t115=−0.03; P=.98), or any of
the SF-36 scales (P values range from .55 to .99). Similarly,
study finishers did not differ from participants who dropped out
at any point on any of these demographic or clinical
characteristics (data not shown).

Table 1. Demographic characteristics of participants at baseline (N=83).

Participants, n (%)Baseline characteristics

Sex

57 (69)Female

26 (31)Male

Ethnicity

1 (1)Caribbean Canadian

15 (18)East or Southeast Asian Canadian

37 (45)European Canadian

4 (5)Latin American, Central American, or South American Canadian

8 (10)South Asian Canadian

1 (1)West Asian or Arab Canadian

1 (1)Pacific Islander Canadian

16 (19)Other

4 (5)Seeing an HCPa for sleep disorderb

14 (17)Seeing an HCP for mental disorderb

aHCP: health care professional.
bReflects the number and percentage of participants who answered "yes" when asked about whether they were currently seeing a health care professional
for this issue.

We analyzed sleep indices for study finishers at periods 1 and
2 (Table 2). After removing outliers (ranging from n=1 to n=6
depending on the sleep index), period 1 sleep indices indicated
that despite an average SE in the normal range (ie, >85%),
DOZE users spent a clinically meaningful amount of time awake
at night. DOZE users also had variable sleep schedules,
characterized by >4 hours of variability in their bedtime, sleep

attempt, wake time, and rise time over a 2-week period. In
addition, DOZE users obtained 7 hours 20 minutes of sleep on
average despite spending 8 hours 21 minutes in bed; a
one-sample t test indicated that this is significantly lower than
8.5, the minimum recommended amount of TST for AYAs
(t50=−8.76; P<.001). In addition, DOZE users spent an average
of nearly half an hour lingering in bed in the morning.
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Table 2. Change in sleep indices for DOZE (Delivering Online Zzz’s with Empirical Support) study finishersa.

Cohen dP valuet testb (df)Period 2, mean (SD)Period 1, mean (SD)Sleep diary variable

0.07.600.52 (49)4.96 (4.08)4.26 (2.16)Bedtime variability (hours)

0.12.380.88 (49)4.01 (2.13)4.04 (2.19)Sleep attempt variability (hours)

0.03.83−0.22 (49)4.62 (2.38)4.59 (2.47)Wake time variability (hours)

0.02.90−0.13 (49)5.05 (2.83)4.71 (2.41)Rise time variability (hours)

0.28.111.63 (32)0.220 (0.32)0.370 (0.50)Nap duration (hours)

0.30.032.24 (46)0.353 (0.30)0.402 (0.28)Morning lingering in bed (hours)

0.34.02−2.40 (49)8.49 (0.85)8.35 (1.06)Time in bed (hours)

0.60<.001−4.23 (49)7.67 (0.97)7.34 (0.93)Total sleep time (hours)

0.36.012.54 (47)0.837 (0.55)1.00 (0.54)Total wake time (hours)

0.48.001−3.43 (49)90.18 (6.46)87.67 (6.44)Sleep efficiency (%)

0.05.740.34 (49)d0.131 (0.21)0.142 (0.21)Frequency of sleep-interfering substance usec

aTest statistic and Cohen d are for log-transformed variables, whereas means and SDs refer to untransformed variables.
bTest is 2-tailed.
cFrequency of substance use refers to the proportion of days within a period in which sleep-interfering substance use was endorsed in the sleep diary.
dNot log-transformed.

Feasibility and Acceptability

Feasibility
Among all participants who created an app account, sleep diaries
were completed for an average of 10.52 days (SD 4.87 days;
range 0-14 days; 82/83, 99%) in period 1 and 9.81 days (SD
6.65 days; range 0-2 days; 75/83, 90%) in period 2. Over
two-third of app users (57/83, 69%) used DOZE long enough
to receive feedback on their sleep and to set goals; of these 57

DOZE users, 46 (81%) chose to set one or more goals to
improve their sleep. Participants set an average of 1.54 goals
(SD 1.12; range 0-4 goals; 57/83, 69%) following period 1.

The most frequent goal was to reduce schedule variability
(jetlag), followed by reducing naps and reducing lingering in
bed in the morning (Table 3). The most frequent tips that
participants accessed to help with their goals were how to wind
down before bed and how to help with being a night owl (Table
4).
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Table 3. Frequency of goal use by participants (N=83).

Participants, n (%)Goal

34 (41)Reduce schedule variability (jet lag)

11 (13)Reduce to <1 hour

18 (22)Reduce to <2 hours

5 (6)Reduce to <3 hours

11 (13)Limit time in bed

4 (5)Spend 8.5-10.5 hours on weekdays

7 (8)Spend 8.5-10.5 hours on both weekend days and weekdays

4 (5)Manage sleepiness

16 (19)Target lingering in beda

11 (13)Limit lingering to 30 minutes after alarm

1 (1)Set multiple alarms around room

0 (0)Ask others to help them get up

3 (4)Increase light exposure for first 30-60 minutes

5 (6)Get moving for the first 30 minutes

4 (5)Take a shower within first 30 minutes

5 (6)Remind self not to rely on initial feelings upon waking

17 (20)Reduce naps

12 (14)No naps

1 (1)Decrease number of naps

4 (5)Decrease length of naps

aParticipants were free to select as many strategies as they desired from a drop-down list.

Table 4. Frequency of tip use by participants (N=83).

Participant, n (%)Tip access

17 (20)Completed night owl quiz

24 (29)Completed difficulty winding down quiz

13 (16)Completed difficulty getting up quiz

0 (0)Completed sleep drunkenness quiz

5 (6)Completed trouble staying awake quiz

13 (16)Completed fatigue quiz

Google Analytics indicated that 2659 sessions (ie, instances of
app use) took place. The average session duration was 3:02
minutes. During the study period, there were 27,263 page views.
On average, 10.91 pages were viewed per session (including
multiple visits to the same page). When grouped according to
content categories, pages related to the sleep diary accounted
for most of the 27,263 page views (18,018/27,263, 66.09%),
indicating that it was the most used component of the app,
followed by Progress (4098/27,263, 15.03%), Dashboard
(1925/27,263, 7.06%), Tips (1061/27,263, 3.89%), Goals
(810/27,263, 2.97%), Log-In (777/27,263, 2.85%), onboarding

screens (431/27,263, 1.58%), and visits to their user profile
(142/27,263, 0.52%). The average time on a page was 18.15
seconds across all pages, ranging from 65.51 seconds for
progress pages to 6.68 seconds for onboarding pages. DOZE
was most frequently accessed using a mobile device (2,705/2659
sessions, 78.04%), followed by a desktop computer (546/2,659
sessions, 20.53%) or a tablet (38/2,659 sessions, 1.43%).
Consistent with the sleep diary and in-app recommendations to
complete the sleep diary within 2 hours of waking up, DOZE
was most frequently visited between 8 AM and 11 AM (Figure
3), with a modal time of 9 AM.
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Figure 3. Users of Delivering Online Zzz’s with Empirical Support by time of day.

Acceptability, Credibility, and Satisfaction
To assess the acceptability, credibility, and satisfaction of
DOZE, we analyzed the mean, mode, and range of responses
for each item of the TEQ and the Acceptability Scale (Table 5).
Responses to the TEQ were favorable at baseline and end point,
with mean and modal values exceeding 4 for most items. There
was no statistical change from baseline to end point on items
assessing logic (P=.54), confidence that it would work (P=.48),
confidence in recommending the app to a friend (P=.74), and
how successful they predicted it would be in helping others with
their sleep (P=.78), suggesting that most perceptions of DOZE

as a credible and satisfactory intervention were stable over time.
However, there was a statistically significant change in the item
assessing willingness (P=.008). Responses on the Acceptability
Scale indicated agreement or high agreement (mode=4 or 5)
that DOZE was easy to use, easy to understand, required a
reasonable amount of time, and that users were generally
satisfied with the app, whereas responses were mostly neutral
(mode=3) for enjoyment using the app and how helpful it was
in describing their symptoms and quality of life. Averages for
each item on the Acceptability Scale ranged from 3.61 (helpful
in describing symptoms) to 4.35 (understandable).
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Table 5. Participants’ responses on the Treatment Evaluation Questionnaire and Acceptability Scale at baseline and during end point assessments
(N=51).

P valueEnd pointBaselineIndex

Value, modeValue, mean (SD;
range)

Value, modeValue, mean (SD;
range)

.5444.71 (1.63; 1-7)54.47 (1.72; 1-7)How logicala

.4843.96 (1.48; 1-7)44.04 (1.71; 1-7)Confident in successb

.7454.53 (1.55; 1-7)54.37 (1.58; 1-7)Recommend to friendc

.00854.49 (1.59; 1-7)75.51 (1.73; 1-7)How willingd

.7854.53 (1.41; 1-7)44.46 (1.49; 1-7)How successful for otherse

—g54.16 (0.90; 2-5)N/AN/AfEasy to use

—54.35 (0.89; 2-5)N/AN/AUnderstandable

—33.80 (0.96; 2-5)N/AN/AEnjoyable

—33.61 (1.08; 2-5)N/AN/AHelpful in describing symptoms and quality of life

—54.33 (0.91; 2-5)N/AN/AAmount of time acceptable

—43.92 (0.82; 2-5)N/AN/AOverall satisfaction

aHow logical does the treatment you are receiving seem to you?
bHow confident are you that this treatment will be successful in eliminating your insomnia?
cHow confident would you be in recommending this treatment to a friend?
dHow willing are you (were you) to undergo this treatment?
eHow successful do you think this treatment is for treating other people with insomnia?
fN/A: not applicable; scale not administered at baseline.
gSignificance testing not available.

Preliminary Efficacy

Sleep Indices
To assess preliminary efficacy, we compared sleep indices at
periods 1 and 2 among study finishers (Table 2). The sleep
indices were positively skewed and were therefore
log-transformed. They were then re-examined to confirm that
the assumption of normality was met (all variables were
approximately normal) and subsequently analyzed using paired
samples t tests, with the exclusion of frequency of
sleep-interfering substance use, which was not transformed
because of the presence of 0 values. Significant improvements
of small-to-medium effect sizes were seen for log-transformed
morning lingering (P=.03), TIB (P=.02), TST (P<.001), SE
(P=.001), and TWT (P=.01), whereas variability in sleep
schedule (ie, bedtime, sleep attempt, wake time, rise time), naps,

and frequency of sleep-interfering substance use did not
significantly change (Table 2).

Self-report Measures
Finally, we compared self-report measures at baseline and end
point among study finishers (Table 6). To account for slight
deviations from normality among some of the variables, paired
t tests were conducted using bootstrapping. Mean differences
(MDs) were resampled 1000 times, and 95% CIs were generated.
Statistically significant improvements were seen on the ISI (MD
3.92, SE 0.61; 95% CI 2.82-5.17), CSM (MD −2.15, SE 0.64;
95% CI −3.41 to −0.96), STICSA State (MD 2.36, SE 1.13;
95% CI 0.16-4.64), STICSA Trait (MD 3.97, SE 0.97; 95% CI
2.03-5.87), CESDR-10 (MD 3.10, SE 0.99; 95% CI 1.20-5.18),
and SF-36 energy (MD −6.54, SE 2.48; 95% CI −11.28 to
−1.79). Changes from baseline to end point were not significant
for the remaining measures of fatigue, sleepiness, or
health-related quality of life.
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Table 6. Comparison of self-reported measures from baseline to end point for study finishers.

Cohen dP valueEnd pointBaselineSelf-report measure

Cronbach αScore, mean (SD)Cronbach αScore, mean (SD)

0.90.001.748.24 (3.95).7711.65 (4.35)ISIa

0.20.07.864.35 (1.04).854.55 (1.04)FSSb

0.43.006.8832.47 (7.79).8630.80 (7.37)CSMc

0.15.50.8943.14 (11.09).8344.14 (9.49)CASQd total

0.14.63.8826.54 (8.49).8127.42 (7.34)Sleepiness

0.12.86.8116.34 (4.23).7716.74 (3.80)Alertness

0.44.004.9012.98 (7.89).8915.62 (8.34)CESDR-10e

STICSAf

0.19.05.9437.83 (13.32).9039.69 (11.39)State

0.27.002.9438.83 (14.25).9140.80 (11.60)Trait

SF-36g

0.28.09.9588.43 (20.70).9384.22 (22.96)Physical functioning

0.14.27.8970.59 (39.28).8565.20 (39.71)Role functioning-physical

0.03.85.8542.16 (43.12).8843.33 (44.29)Role functioning-emotional

0.38.01.7543.92 ()19.17.7738.30 (18.16)Energy

0.13.39.9056.63 (23.21).8354.35 (21.27)Emotional well-being

0.14.29.8167.40 (27.17).8164.22 (27.62)Social functioning

0.08.73.7776.23 (18.48).6477.45 (15.33)Pain

0.10.08.7763.95 (22.89).8462.27 (23.58)General health

aISI: Insomnia Severity Index.
bFSS: Fatigue Severity Scale.
cCSM: Composite Scale of Morningness.
dCASQ: Cleveland Adolescent Sleepiness Questionnaire.
eCESDR-10: Center for Epidemiologic Studies Depression Scale–Revised 10-item Version for Adolescents.
fSTICSA: State-Trait Inventory of Cognitive and Somatic Anxiety.
gSF-36: RAND 36-item Short Form Health Survey 1.0.

Discussion

Principal Findings
We tested the feasibility, acceptability, and credibility of a
self-management behavioral sleep web-based app designed by
and for AYAs (aged 15-24 years). The results suggest that AYAs
rated the intervention as logical, had confidence that the
self-management approach would work, and had confidence in
recommending DOZE to a friend. Willingness significantly
decreased from baseline to end point, perhaps reflecting different
stages of readiness to implement the strategies provided,
environmental limitations that can influence their ability to
implement strategies (eg, early school rise times and high
academic demands), and intrinsic values that are a barrier to
engaging in the intervention (eg, valuing sleeping in on
weekends over maintaining a regular schedule). However, it is
important to note that the TEQ was completed before
participants received any detailed information about the
intervention (they were only aware that it was a new sleep app

for teens and young adults), representing only naïve expectations
of DOZE, whereas at end point they were familiar with the
intervention components. DOZE was rated as highly acceptable
across indices of ease of use, understandability, time
commitment, and satisfaction. Perhaps not surprisingly, ratings
about DOZE being enjoyable or succinct in describing their
particular symptoms or quality of life issues were acceptable
but slightly more modest than ease of use, low time
commitment, and overall satisfaction. In support of feasibility,
participants engaged with DOZE often (indicated by the number
of sessions), most frequently visiting pages pertaining to the
sleep diary or their progress and did so using various electronic
devices (ie, mobile phones, computers, and tablets). Moreover,
although this was not a clinical sample, prospective sleep diary
insomnia indices significantly improved from period 1 to period
2 (eg, time spent awake and SE), and the amount of sleep they
obtained increased too. AYA users reported significant
improvements from baseline to end point in insomnia symptom
severity, chronotype, depression, anxiety, and energy. Despite
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not recruiting a clinical sample, participants in this study
overwhelmingly were not treatment-seekers; however, they
evidenced very poor health-related quality of life indices and
were above clinical cutoffs for insomnia and fatigue, consistent
with what we see in the literature [71].

These results are supportive of self-management. AYAs logged
on frequently and completed the diary at the instructed time (ie,
within 2 hours of waking up in the morning). Moreover, they
worked hard at (1) tracking their sleep (ie, tracking for
approximately 10 days in each 14-day period) and (2) setting
goals that treatment providers would set (eg, limiting schedule
variability and naps and decreasing lingering in bed). They
accessed tips to help with their goals, particularly how to wind
down before bed, how to help with being a night owl, how to
get up regularly in the morning, how to help with fatigue, and
how to stay out of bed early in the evening. Thus, we can trust
AYAs to set their own goals and make behavioral changes to
achieve these goals when they are provided with the tools and
education to do so autonomously. Trusting patients to make
good choices may not come naturally for providers, but the
literature suggests that many patients want autonomy in their
health care choices [72] and produce good results when given
tools that support their autonomy. As a research group, this was
an instructive part of the process, and it was driven by both the
literature and collaboration with our AYA advisors and
stakeholders throughout the co-design process. Perhaps these
findings can inform the tailoring of in-person strategies for
AYAs to achieve better outcomes.

Statistically significant differences in sleep indices from period
1 to period 2 seemed unlikely, as we recruited a sample that
was not selected for clinical levels of sleep disturbance, and we
assumed there would be too little variability in these indices to
detect significant effects. Furthermore, detecting a change in
variables, such as SOL, naps, or TIB, in a nonclinical or
subclinical sample in which some have opposing problems (eg,
hypersomnia vs insomnia) is also surprising. For example, those
with hypersomnia or sleepiness have SOL values that are too
low, and those with insomnia have elevated SOL values; use
of DOZE could result in changes in opposite directions and,
when averaged across participants, appear to have affected no
change at all. These problems can also occur in the same AYA
during the same week, for example, sleepiness on some nights
and insomnia on others. Similarly, some AYAs are told to
eliminate naps, and others are told to increase them, resulting
in low variability. Therefore, it is encouraging that insomnia
indices, such as lingering in bed in the morning, TWT, TST,
TIB, and SE, improved. Although AYAs set goals to decrease
the variability in their sleep schedules, the improvement did not
reach statistical significance. Perhaps this is why they accessed
tips about how to get up in the morning (ie, as it is difficult for
them to rise at a regular time), and our plan is to expand tips
and resources for AYA users on the DOZE website.

An important implication of this research is that this web-based
app may be an important tool to increase access to
evidence-based interventions. Some AYAs prefer to use
technology for health-related behavior change [34,73,74], and
smartphone apps appear to have a high uptake potential; 78.04%
used a mobile device for DOZE (2,705/2659 sessions), whereas

only 20% used a desktop computer (546/2,659 sessions, 20.5%)
and 1.4% used a tablet (38/2,659 sessions). Incorporating AYAs
in the co-design process is also a notable strength of this
web-based app and may promote continued uptake. That said,
future research will need to determine whether there would be
health disparities based on access to technology, Wi-Fi, and
geographical location. Clinicians report favorable attitudes
toward CBT-I apps [75], suggesting the possibility of
widespread access to evidence-based sleep treatments. Given
the limited number of expert providers in this unique group (ie,
not pediatric but not fully adult either) and the need for sleep
solutions at the level of primary care and community mental
health clinics, this web-based app holds the promise of
increasing access to tailored, age-specific care. We intend to
conduct a health economic study on the impact of DOZE in the
future.

Limitations
There was a 39% (32/83 participants) dropout rate in the
self-management intervention portion of the study, and data
were not collected on reasons for discontinuation, although this
would certainly be valuable. Although we would prefer a lower
rate, the rate was lower than that in other sleep app studies in
the literature. For example, digital interventions for insomnia
have reported rates >50% [76]. Across adolescent mobile health
apps more generally, in a study using an internet-delivered,
self-help CBT intervention for chronic pain among adolescents
(aged 12-17 years), 52% of participants dropped out of the
treatment portion of the study [77]. The dropout rate in our
study is perhaps not surprising as they were not
treatment-seekers, so if their sleep was not a problem, they
might have little motivation except for the CAD $50 (US
$39.17) compensation for participation. The brief intervention
period in this study may also have contributed to lower rates of
dropout compared with other studies. In addition, participants
in this study were emailed by the research coordinator if they
did not complete sleep diaries for several consecutive days; as
such, adherence may be lower when disseminated in the real
world. A future trial could evaluate whether dropout rates are
lower in a clinical sample. Moreover, much of the dropout in
this study occurred during the baseline questionnaire period,
suggesting that the self-report battery was too burdensome.
These questionnaires are not part of the app, so this barrier to
participation is not present with regular, real-world app use,
and future studies can verify if the app dropout rate is actually
lower in real-world app use.

Although appropriate for feasibility trials, the use of an open
trial suggests caution when interpreting positive outcomes.
Without a control group, we could not ascertain whether the
results were specific to the app or the increased sleep attention.
In addition, we recruited participants using various strategies
(eg, through a university, the community, and mental health
providers, which are the intended disseminators of DOZE).
Although this could be seen as a strength, given that our sample
likely reflects those who will use DOZE in the real world, it
may also be a limitation as these could be considered 3 distinct
samples. Without knowing more about these samples, we could
not test for possible differences. In the same vein, although our
intended users are all AYAs, we are cautious about stating that
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this would be effective in patients, as this was a community
sample; although most participants experienced symptoms that
were above clinical cutoffs, they were neither clinically assessed
nor were they treatment-seekers. We intend to study the
properties of the app in those who are treatment-seeking. Our
treatment provider stakeholders suggested that they would be
most interested in using the diary as an adjunct to their
treatment, much like sleep diary apps in adults [78]. DOZE
could be used as a tracking and posttherapy relapse prevention
tool, with providers prescribing behavioral change rather than
the AYA deciding their own treatment course. Given the strong
preferences for self-management in this group, it would be
interesting to test outcomes with providers versus
self-management.

Our findings may also have been influenced by extraneous
factors. First, several items in our measure assessing credibility
reference specifically to treatment for insomnia and may not
have applied equally to all participants, thereby influencing
their responses. Moreover, a small percentage of participants
were seeing a health care provider for the purpose of a mental
disorder or a sleep disorder, which may have also influenced
our results given the bidirectional relationship between sleep

and psychopathology. Finally, we did not query medication use
and could not rule out the possibility that some participants
were using sleep medication, which may have influenced our
results; although low levels of treatment-seeking for a sleep
disorder suggests that this is unlikely, and participants enrolled
in the trial as they were dissatisfied with their sleep despite
current treatments, it nevertheless remains a possibility among
a small minority of our participants.

Conclusions
In conclusion, given that there were statistically and clinically
significant improvements in a nonclinical sample, it is promising
for the tool to be used as designed: as a transdiagnostic tool for
young adults to engage in sleep self-management digitally. Even
those without sleep disorders were interested and effective in
making health-related changes, which can translate into
improved sleep habits and potential prevention, as well as
potentially improving mental wellness in AYAs. Web-based
interventions are an acceptable and effective method of
facilitating access to evidence-based care among invisible
groups, with the ultimate effect of reducing the public health
burden.
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Abstract

Background: The use of digital mental health programs such as internet-based cognitive behavioral therapy (iCBT) holds
promise in increasing the quality and access of mental health services. However very little research has been conducted in
understanding the feasibility of implementing iCBT in Eastern Europe.

Objective: The aim of this study was to qualitatively assess organizational readiness for implementing iCBT for depression
within community mental health centers (CMHCs) across Albania and Kosovo.

Methods: We used qualitative semistructured focus group discussions that were guided by Bryan Weiner’s model of organizational
readiness for implementing change. The questions broadly explored shared determination to implement change (change commitment)
and shared belief in their collective capability to do so (change efficacy). Data were collected between November and December
2017. A range of health care professionals working in and in association with CMHCs were recruited from 3 CMHCs in Albania
and 4 CMHCs in Kosovo, which were participating in a large multinational trial on the implementation of iCBT across 9 countries
(Horizon 2020 ImpleMentAll project). Data were analyzed using a directed approach to qualitative content analysis, which used
a combination of both inductive and deductive approaches.

Results: Six focus group discussions involving 69 mental health care professionals were conducted. Participants from Kosovo
(36/69, 52%) and Albania (33/69, 48%) were mostly females (48/69, 70%) and nurses (26/69, 38%), with an average age of 41.3
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years. A directed qualitative content analysis revealed several barriers and facilitators potentially affecting the implementation
of digital CBT interventions for depression in community mental health settings. While commitment for change was high, change
efficacy was limited owing to a range of situational factors. Barriers impacting “change efficacy” included lack of clinical fit for
iCBT, high stigma affecting help-seeking behaviors, lack of human resources, poor technological infrastructure, and high caseload.
Facilitators included having a high interest and capability in receiving training for iCBT. For “change commitment,” participants
largely expressed welcoming innovation and that iCBT could increase access to treatments for geographically isolated people
and reduce the stigma associated with mental health care.

Conclusions: In summary, participants perceived iCBT positively in relation to promoting innovation in mental health care,
increasing access to services, and reducing stigma. However, a range of barriers was also highlighted in relation to accessing the
target treatment population, a culture of mental health stigma, underdeveloped information and communications technology
infrastructure, and limited appropriately trained health care workforce, which reduce organizational readiness for implementing
iCBT for depression. Such barriers may be addressed through (1) a public-facing campaign that addresses mental health stigma,
(2) service-level adjustments that permit staff with the time, resources, and clinical supervision to deliver iCBT, and (3)
establishment of a suitable clinical training curriculum for health care professionals.

Trial Registration: ClinicalTrials.gov NCT03652883; https://clinicaltrials.gov/ct2/show/NCT03652883

(JMIR Form Res 2021;5(11):e29280)   doi:10.2196/29280

KEYWORDS

e-mental health; digital mental health; internet-based cognitive behavioral therapy; implementation science; organizational
readiness for implementing change; community mental health center; qualitative interviews; content analysis; Albania and Kosovo

Introduction

Albania and Kosovo are upper-middle-income countries in the
Southeast of Europe. Situated in close proximity to high-income
countries with well-resourced health care systems, the state of
mental health care in Eastern Europe has gone unnoticed and
has been referred to as a global blind spot [1]. In 2017, the
burden of mental illness in Albania was estimated to be 3888
per 100,000 people, with disproportionately lower human
resource availability, including only 1 psychiatrist, 1
psychologist, and 7 nurses per 100,000 people [2]. In Kosovo,
the rate of mental illness has been notably higher due to the
conflict that took place in 1998-1999 [3,4]. A survey conducted
by the Kosovo Rehabilitation Centre for Torture Victims found
that 27.7% of the population reported substantial psychiatric
morbidity, in which 22% presented with symptoms of
posttraumatic stress disorder, 41.8% for depression, and 43.1%
for emotional distress [3]. Another study found that 64.9% of
the Kosovan population reported having traumatic experiences
during the war, resulting in 200,000-400,000 traumatized
persons, which was additional to the existing figure of persons
with mental illness [4]. The prevalence of mental illness in
postwar Kosovo continues to be a problem, with only a slow
decline to show years on after the conflict [5-7]. Despite the
high burden of mental illness, the mental health workforce in
Kosovo is comparatively lower than that in the neighboring
countries, while the country’s mental health budget only equates
to 2% of the average mental health budgets of countries in the
European region [2].

Limited resources for mental health is, however, not the only
barrier toward addressing the care gap. A review of mental
health care systems in eastern Europe found that Central and
Eastern Europe experienced higher reports of public stigma
associated with mental illness compared to other European
countries [8]. The high level of public stigma (unwillingness to
accept people with severe mental illnesses) may therefore have

far reaching implications that can negatively influence policy,
funding, recovery, help-seeking behaviors, service quality, and
quality of life for people with mental health conditions [8]. A
study on the factors that influence access to mental health
services in Southeastern Europe (Romania, Bulgaria, and
Albania) found that mental health stigma and a lack of
knowledge around mental illness were among the factors that
influenced delayed access to mental health services [9].

As a response to mental health care access barriers, the use of
digital technologies has been put forward as a viable approach
for closing the care gap in mental health care owing to the
greater potential of technology to expand the mental health
workforce, increase access to evidence-based interventions at
a lower cost, reduce stigma due to opportunities to engage in
treatment remotely, and enable interventions to be linguistically
and culturally adapted [10]. Internet penetration rates for Albania
(72%) and Kosovo (89%) [11,12] support the argument for
harnessing digital technologies in mental health care, as rates
appear to be close to or exceed the average internet penetration
in high-income countries (75%). However, little to nothing is
known about the readiness of mental health services in
implementing digital mental health care interventions. Readiness
or organizational readiness can be defined as “the extent to
which organizational members are psychologically and
behaviorally prepared to implement organizational change”
[13]. The concept of organizational readiness is an integral
component of implementing new health programs owing to the
growing recognition that programs may fail not as a result of
the digital health innovation but because organizational readiness
for change is not adequately evaluated and addressed [14,15].
The assessment of organizational readiness is therefore advised
in the early phases of implementation in order to gain a better
understanding of the challenges and facilitators for successful
implementation, augmentation, and optimization of
implementation strategies [16].
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The aim of this study was to undertake a qualitative examination
of organizational readiness for implementing an internet-based
cognitive behavioral therapy (iCBT) intervention for people
with depression in 7 community mental health centers (CMHCs)
across Albania and Kosovo who were partaking in a large
multinational trial on the implementation of iCBT
(ImpleMentAll trial, further information about the trial can be
found in the Methods section) [17]. To our knowledge, this
study will be the first to explore organizational readiness for
implementing iCBT as well as a mental health service more
broadly in Albania and Kosovo.

Methods

Participants and Procedure
Qualitative focus group discussions (FGDs) were conducted
with mental health care stakeholders involved on the
ImpleMentAll study, a multinational trial funded by the
European Union’s Horizon 2020 program. The project aimed
to (1) develop and apply tailored implementation strategies for
implementing evidence-based iCBT services for common mental
disorders in routine mental health care through and (2) conduct
a stepped wedge-cluster randomized trial to investigate the
effectiveness of tailored implementation, when compared to
implementation as usual (more information about the trial can
be found in the trial protocol by Bührmann and colleagues [17]).
Participants were recruited from 7 CMHCs across Albania
(located in Tirana, Shkoder, and Korce) and Kosovo (Prizren,
Gjilan, Prishtine, and Mitrovice). Focus groups were conducted
prior to the commencement of the ImpleMentAll trial. A
purposive sampling method was used for data collection to
facilitate access to key informants (mental health care
professionals working in and in association with CMHC) and
maximum variations within an organization [18,19]) considering
diversity across age, gender, job role, and the level of experience
of working with people with depression [19]. FGDs were
conducted in a meeting room within respective CMHCs.

FGD topic guides were loosely directed by Weiner’s [13]
concept of organizational readiness for implementing change
(ORIC) [20]. For example, we asked “What kind of training do
staff that provide treatment for depression have?” which aims
to understand specific organizational resources that are important
for the effective implementation of iCBT in services [13]. FGD
interviews were facilitated by ACP, GQ, and AM in Albania
and ACP, NF, and SM in Kosovo. In Albania, interviews were
audio recorded with a digital voice recorder. In Kosovo, the
participants requested for discussion not to be audio recorded;
therefore, interviews were captured in writing and special efforts
were made to document the interviews verbatim in real time.

Audio recordings of the interviews were then transcribed
verbatim in Albanian and subsequently translated into English.
The notes made in Kosovan were also translated to English.
This study was approved by the Republic of Albania Ministry
of Health Social Protection Ethics Committee on November 17,
2017, and the Republic of Kosovo Qeveria-Vlada Government
on February 11, 2017. This project was funded by the European
Union’s Horizon 2020 research and innovation program under
grant agreement 733025 and received funding from the National
Health and Medical Research Council European Union program
by the Australian Government (1142363). Funding bodies had
no influence on the design of this study. The trial registration
number is ClinicalTrials.gov NCT03652883.

Analytical Framework
ORIC, as theorized by Bryan Weiner [13], was used as an
analytical framework, as outlined in Figure 1. ORIC [13,21] is
a multilevel and multifaceted construct that refers to the
organizational members’ shared determination to implement a
change (change commitment) and shared belief in their
collective capability to do so (change efficacy). Readiness can
be theorized, assessed, and studied at the unit of the individual,
group, department, and at the organization (eg, CMHC) level.
ORIC varies as a function of how much organizational members
value the change and how favorably they appraise 3 key
determinants of implementation capability: (1) task demands,
(2) resource availability, and (3) situational factors. High levels
of organizational readiness for change is indicated by
organizational members who are more likely to initiate change,
exert greater efforts and persistence, and display more
cooperative behaviors. The categories outlined in Weiner’s [13]
theory were reviewed by the research team to ensure that they
align with the preimplementation context that the FGDs took
place in. A decision was made to exclude all categories under
the change-related effect (grey box in Figure 1), as efforts to
initiate change were not experienced at the time in which the
FGDs were conducted. Organizational readiness can be assessed
across different units, including the individual (individual-level)
or the team, department, or organization (supraindividual level).
Considering that improvements in health care delivery often
involve changes in collective behavior (eg, in staffing, working
processes and procedures, decision making, communication),
our study will primarily focus on assessing organizational
readiness for change at a supraindividual level in relation to the
organization across multiple CMHCs that while serving similar
clinical populations also vary in context. However, given that
opinions may vary between organizations and individuals, our
study will also assess organizational readiness for change at an
individual level [13,21,22].
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Figure 1. Analytical framework on the determinants and outcomes of organizational readiness for change developed by Bryan Weiner [13].

Data Analysis
Data were analyzed at 2 levels: (1) manifest content analysis,
which refers to the use of only transcribed interview text, and
(2) latent content analysis, which relies on the reflections and
interpretations [23]. Thomas and Magilvy [24] suggest that
using both types of analyses is important for developing a deep
understanding of the data. The unit of analysis for assessing
ORIC within the qualitative interview was the CMHC [25].
Prior to data analysis, qualitative data analysts were provided
with a sufficient scientific and content-based mastery of the
ORIC theory [13], which was used to heuristically guide the
data analysis. Definitions of ORIC categories are outlined in
Figure 1. The directed content analysis commenced with
immersion in the data by all authors of this paper. In order to
enhance reliability, the analysis and coding were carried out
independently and simultaneously in Albanian (ACP, GQ, AM,
NF, and SM) and in English by AD as well as researchers from
the ImpleMentAll trial who were not directly involved in the
study (CV and JH) [26]. The involvement of independent
researchers attempted to include and integrate varying
perspectives in the process of data analysis. Transcripts were
analyzed in the original language by Albanian-speaking
researchers to enable cultural interpretations that may be diluted
during translation. This involved reading and reviewing the
transcripts several times while considering the following
questions: “Who is telling?” “Where is this happening?” “When
did it happen?” “What is happening?” and “Why?” [18]. These
questions enabled the analyst to steep the data in meaning [18].
Considering different morphological characteristics of the
Albanian and English language, line-by-line analysis was
impossible and noncomparable between languages; therefore,
sentence-by-sentence initial descriptive open coding was carried
out for both Albanian and English transcripts. Once the analysts
were fully immersed in the data, coding began by identifying
and categorizing all instances of ORIC categories. Operational
definitions of ORIC categories were developed to ensure
systematic analytical processes, given that more than one
researcher was involved in the analysis. The transcripts were
read through and all texts that on first impression appeared to
represent an ORIC category were highlighted. Highlighted
passages were then coded using the predetermined codes. Any

text that could not be categorized with the initial coding scheme
was given a new code. Following this phase, the research team
reviewed the data for each category to determine whether
subcategories were required. Data that could not be coded into
an ORIC theory category but that were relevant to organizational
readiness was reexamined to describe different types of
organizational readiness. Key emerging themes were mapped
into a framework that was reviewed and confirmed by all authors
[20,23].

Results

Participant Characteristics
Six FGDs were conducted between November and December
2017 in Albania (n=3) and Kosovo (n=3). FGDs included 9-12
participants. In total, 69 professionals participated in this study.
Participants represented a spectrum of health professionals
working at and in association with CMHCs, with nursing
profession accounting for the highest number of participants
(25/69, 38%), followed by social workers (13/69, 19%),
psychiatrists (13/69, 19%), psychologists (11/69, 16%), general
practitioners (GPs) (4/69, 6%), occupational therapist (1/69,
2%), and speech and language therapist (1/69, 2%). GPs external
to CMHCs were invited to the FGDs to explore referral routes
to CMHCs. Across all sites, 70% (48/69) of the participants
were females, and the average age was 41.3 years (range 25-64
years). Managerial positions were held by around 20% of the
participants (14/69). On average, years of work experience in
mental health was 8 years in Albania and >15 years in Kosovo
(see Table 1, for participant characteristics). On average, each
FGD took 60 minutes in Albania and 80 minutes in Kosovo.
Ahead of the FGDs, participants were asked to rate the following
question on a scale of 1-10: “Do you feel the iCBT service
delivery will become a normal part of your work?” (a single
question that was integrated into their sociodemographic form).
On average, both the Albanian and Kosovan sites rated the
implementation of iCBT highly, with average scores of 8.42
and 7.48, respectively, out of a score ranging between 1 and 10.
Responses for this question were provided by all participants,
with the exception of 4 participants from Prishtine and Mitrovice
(n=1) and Gjilan (n=3) FGDs.
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Table 1. Participant characteristics across Albanian and Kosovan sites.

KosovoAlbaniaCharacteristics

TotalPrishtine and MitroviceGjilanPrizrenTotalKorceShkoderTirana

361110153312912Participants per site (n)

Gendera (n)

2496924879Female

122467423Male

46.12
(8.32)

46.6 (8.92)44.88
(7.85)

46.47
(8.66)

35.85
(8.20)

39.3
(10.03)

36.1
(8.89)

34.2
(5.65)

Age (years), mean (SD)a

>15b>15b>15b>15b8.01 (5.71)10.3 (8.49)5.9 (3.36)7.3 (2.09)Years of experience, mean (SD)

124352110Managerial position (n)

Professions (n)

42117223Psychologists/counsellor

94234220Psychiatrists

1435612642Nurses

61147214Social workers/psychosocial
counsellor

31111001General practitioner

00001001Occupational therapists

000N/A1001Speech and language therapists

aThere were missing data for age (n=2) in Gjilan and gender (n=1) in the Prishtine and Mitrovice focus group discussions.
bYears of experience in Kosovo were captured using 5 brackets: 0-2 years, 3-5 years, 6-10 years, 11-15 years, and >15 years.

Qualitative Framework
A directed content analysis revealed a multifaceted and
multilevel conceptual framework of organizational readiness
for implementing iCBT across 7 CMHCs in Albania and
Kosovo. Figure 2 outlines the key themes that impacted change

efficacy (the belief in the CMHC’s collective/individual
capabilities to implement iCBT based on existing situational
factors, resource management, and task management of services)
and change commitment (individual and shared resolve to
implement iCBT based on the perceived value to the service)
for implementing iCBT in Albania and Kosovo.
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Figure 2. Conceptual framework of the factors that influence organizational readiness for implementing internet-based cognitive behavioral therapy
in community mental health teams across Albania and Kosovo. CMHC: community mental health center; iCBT: internet-based cognitive behavioral
therapy.

Change Efficacy Situational Factors
Situational factors refer to CMHCs members’ judgment and
perceptions of contextual factors (eg, beliefs, values, habits)
that impact the effective implementation of iCBT. The results
of the FGDs revealed that the fit and appropriateness of iCBT
to clients accessing CMHCs were perceived as both a barrier
and facilitator for implementation, while CMHC client service
use patterns, mental health stigma, and concerns around iCBT
noncompliance were identified as barriers for implementation.

iCBT Fit for CMHC Clients
FGD participants in Prishtine, Mitrovice, Prizren, Tirana, and
Shkoder reported conflicting information about the level of
demand for depression-related interventions. One of the
participants from Shkoder said:

…Depression is the most common disorder that we
see on [a] daily basis. Psychologists provide
counselling mostly for depression and other mild
mental illness while the rest of the staff, such as the
nurses provide treatment for patients with severe or
psychotic mental illness that need emergent
assistance. Based [on] our statistics, depression has
the highest rate in relation to the total number of
people who request treatment in our center. [A016]

A mental health professional from the same team elaborated
that severe mental illness cases received a disproportionate
amount of attention, primarily in response to the pattern of
service use in CMHCs that appear to be driven by a desire to
access welfare services:

…We don’t treat mild and moderate depression
because we are focused on treating patients with
severe mental illness, [we] help and support their
families and provide social and economic assistance
to the patients and their families. [A018]

Considering all clinical groups accessing CMHCs, participants
in the Tirana, Prizren, Prishtine, and Mitrovice FGDs reported
that there were very few people seeking treatment for mild to
moderate depression. They also reported that people who present
with depression are typically seen by a GP and thus not treated
with psychotherapy. The FGDs in Tirana and Gjilan reported
that CMHCs were largely accessed by people with severe mental
illness. Not having enough people access services for common
mental disorders was perceived as a barrier for the effective
utilization of iCBT. Although all GPs reported that they saw
large numbers of people with mild to moderate depression, “We
have (see) mild and moderate depression which we refer for
treatment to a psychiatrist, we don’t prescribe medication
without consulting a psychiatrist first” (A007), this was not
reflected in the clinical groups accessing CMHCs:

…we treat mostly patients with major mental health
disorders, including psychosis such as schizophrenia,
mood disorders with psychotic episodes. We have a
small number of patients with anxiety and depressive
disorders and other mental health. We have few
patients with mild and moderate depression and
anxiety disorders. [A005]

CMHC Service Use Patterns
Closely related to the perceived inadequate fit of iCBT for the
clinical groups accessing the CMHCs, participants in the Tirana
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and Shkoder focus groups suggested that there were 2 key
patterns for using the CMHC. First, they reported that people
generally attended services when their condition was severe
and typically discontinued their use of the CMHC when they
got better.

…When their (clients’) mental health condition gets
worse, they come to us for treatment and when they
get better, they stop the treatment because they think
that they don’t need to continue the treatment
anymore. [A014]

…We also have patients who come only once for
evaluation and a month-long treatment and then they
stop coming to our center…They continue to
self-medicate for years buying medicines at the
pharmacies over the counter and then they show up
again. [A003]

Second, participants in the Tirana and Shkoder FGDs also
suggested that typical clients were from lower socioeconomic
status with severe mental health conditions who accessed the
CMHC with the main purpose of applying and qualifying for
disability allowance, as CMHCs hold the authority to assess
and certify mental health–related disabilities in Albania.
Accessing CMHCs therefore appears to function as a means of
accessing welfare services:

…That’s why we don’t have patients with mild or
moderate depression only, most of them have chronic
or major disorders that come for the application of
the reimbursement of the medication they take. [A013]

…The focus of our work is disability assessment and
certification.... and we normally follow up those who
we certify as disabled, visit them at home and make
sure they take their medication... hence these are the
issues we are focusing on. [A005]

Participants stated that all CMHCs were situated in major towns,
which makes access to services from rural area populations very
challenging and that may consequently affect the timely
treatment of people with mental illness in the region:

…The problem is related to the access of our services.
Those who live in the city have an advantage over
those who live in remote areas. They can easily access
the service compared to residents who live in rural
areas. When patients from remote areas come to us
for treatment they have already developed a chronic
mental health condition. [A017]

…When they come to us they are in a deteriorated
state. Some of them come for treatment after
attempting suicide or when they are struggling.
[A015]

When prompted further to explore how information on clinical
presentations was recorded upon service access, there appeared
to be some uncertainty regarding the number of clients and their
diagnosis at the CMHC, in which participants suggested that
while individual client files were kept, no specific service-wide
records were being collected, reported, or analyzed, which is
itself a barrier to implementing iCBT.

…We do not have a database. [K2104]

…We don’t have numbers of patients being treated
based on their diagnosis. [A013]

Mental Health Stigma
FGD participants across both Albania and Kosovo unanimously
reported that self and public stigma in relation to mental health
and seeking treatment in mental health care services was high.
They mentioned that clients did not want to be associated with
a label that could lead to social exclusion, which may prevent
people from seeking treatment for common mental health
conditions.

…I have an example, three of our patients live in the
same building and fear that their neighbors might
know about their mental health problems. And so,
when we do our home visits, we have to wait for one
of the patients to close their apartment door after the
visit in order to knock at the other patient’s door to
enter in, in order not to be seen that we have been in
their houses despite the fact that they know about
each other’s mental health issues, and every time we
go to their homes they talk about each other. [A004]

Interestingly, as described earlier, the primary service is
inundated with individuals with depression as this GP accounts:

…Almost, every day we have similar cases with mild
depression but who refuse to go to a psychiatrist.
They are afraid and withdrawn because they think
that it might be a mental illness problem and get
scared of what might happen to them if that would be
the case. Meanwhile we give them advise but we
would like to have a psychologist to handle this kind
of work. [A007]

They do not want to be referred to CMHCs because of the
stigma associated with mental health as well as the institutions
that provide such support:

…I think that because of the stigma, people suffering
from depression avoid seeking help in specialized
mental health center such as this one… [A001]

A participant in Shkoder mentioned that it was difficult for
participants to accept their diagnosis, leading them to seek
different consultations before accepting their condition.

…Usually, they (patients) seek several consultation
because it’s difficult to accept a mental health
disorder. [A007]

Taking this into consideration, it appears as though stigma may
be the driving force behind a lack of access to mental health
services by people with mild to moderate depression and service
user access patterns across Albania and Kosovo.

iCBT Nonadherence
Another perceived barrier expressed by participants in the Tirana
FGD concerned adherence to iCBT. Participants in the Tirana
FGD expressed that some patients with depression were difficult
to engage. While some participants did not see obstacles in
engaging adolescents and adults to iCBT, they expressed
concerns around engaging older adults with depression.
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…Those who suffer from depression will be very
difficult to engage through the iCBT intervention. As
for the other patients with different diagnosis I think
that it won’t be a problem. [A005]

…I don’t see any obstacles for adolescents, while for
adults and elder patients it will be difficult. [A014]

Perceived concerns around confidentiality and difficulty of
engaging people with depression appeared to make participants
question whether clients would adhere to the iCBT intervention.
Participants also expressed concerns around the clients’ lack of
access to the internet and computers.

…The patients we see are very poor and often they
come to us to get the disability benefits because it the
only income resource for them. The phone is a more
appropriate way of getting in touch with them. [A004]

Participants perceived that clients may have concerns around
confidentiality of the iCBT platform, fearing that their
information will be accessed by others. Such concerns stem
from the pervasive stigma of using mental health services in
Albania.

…. I think that confidentiality will be an issue. It will
be difficult to persuade our patients that every data
that will be put on the platform will be confidential,
at the beginning we would need to explain this.
[A003]

Resource Availability
Organizational resources broadly refer to the CMHC’s existing
financial, material, human, and informational resources that are
used to make a judgement about implementing and delivering
iCBT. The FGDs suggested 2 resource facilitators for
implementing iCBT, including appropriate counselling and CBT
expertise and internet access, and 1 barrier relating to the lack
of available human workforce.

Internet Access at CMHC
Participants across all Albanian FGDs suggested that their
CMHCs lacked technological infrastructure and that an
investment was required. However, participants in Kosovo
reported having a good technological infrastructure in place.

…We have some problems with the internet provider,
there are interruptions from time to time. [A021]

Participants suggested that setting up iCBT within the service
would be feasible should clients wish to access iCBT through
the CMHC.

…Of course. It would be a good idea if the patients
receive help from the psychologist while getting
access to the iCBT. It’s a good thing to have a
computer and internet installed in this room and we
could help the patients to fill in the worksheets and
the patients can come whenever they want in order
to make use of the iCBT platform. [A004]

Counselling and CBT Expertise
All FGDs reported having clinical professionals within the team,
primarily psychiatrists and psychologists who could be leveraged

to implement iCBT. However, most participants with
counselling experience (eg, psychologists, psychiatrists) reported
that they did not have the necessary CBT accreditation, with
those with knowledge around CBT stating that the training they
received was either superficial or did not include a practical
component. Moreover, participants suggested that they did not
have the general supervision infrastructure to support iCBT.

…Besides to what we have learnt in the university
classes we have not been trained in CBT. [A021]

…We had some hours in our psychotherapy module
(in University) but it was a short introduction to CBT
and we had to read a (book) chapter by ourselves but
no practice. [A015]

Participants stated that CBT training could only be accessed
privately, requiring clinicians to pay out of their pockets and
that training was difficult to access:

…We were notified not long ago about the starting
of a training course on CBT, but it was organized in
Tirana and the course was very expensive. [A018]

…I try to apply CBT and I face a lot of difficulties...
I have had private consultation with the only person
who is trained on CBT in the city. [A015]

The team in Prizren also reported using validated (albeit not in
Albanian) psychometric scales to screen and monitor the
progress of clients, while the FGD in Tirana reported that
assessments for mental health were performed by a psychiatrist
as a screening but not monitoring measure. This was deemed
to be a strength that would be of help in monitoring client
outcomes in iCBT.

…[We have used] Hopkins Questionnaire for
Measurement of Depression and Anxiety, Beck
Depression Scale, Mini International
Neuropsychiatric Interview. [K2205]

Lack of Human Workforce
Despite the presence of a small number of clinical staff with
limited counselling or CBT experience, participants in most
CMHCs reported feeling overstretched owing to expectations
to treat clients with heterogeneous clinical presentations and
across a wide geographic radius. A lack of adequately trained
staff appears to present a barrier to the implementation of iCBT.

…[we see] All disorders, psychotic disorders,
personality disorders, depression, anxiety, phobia
etc... [K2206]

…We have a geographically heterogeneous patient
population (ranging) from the city to the remote
villages. [A004]

…1/3 city’s center population. We cover 4 or 5
municipal units and its primary health care centers,
also some parts of the city’s suburb areas. [A013]

…According to the mental health Law, a CMHC
should cover 50-150 thousand inhabitants, but in
reality we cover 300 thousand inhabitants…threefold
to recommended coverage. [A003]
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Task Management
Task management refers to the CMHCs’ knowledge of task
demands by iCBT, while cognitively appraising the match
between task demands that are available. The FGD findings
suggested that while interest in CBT training was perceived as
a facilitator for effectively managing iCBT tasks, an increase
in workload was perceived as a barrier.

Interest in CBT Training
FGD participants across Tirana, Prizren, Prishtine, and Mitrovice
said that they wished to gain CBT skills. Psychologists, GPs,
and psychiatrists expressed that they would like to gain new
skills, while social workers and nurses who do not typically
deliver CBT expressed an interest in being trained.

…If you involve the social workers and nurses as
participants on these trainings, then yes. [A006]

…Such training would be welcomed as we have not
had such training and it would be very beneficial.
[K2301]

Higher cadre staff such as GPs and psychiatrists were especially
keen that staff of a lower cadre such as nurses be trained in
CBT, suggesting that it could further enrich the quality of
services provided to all clients.

…We work in different ways the counsellor and the
nurse give advice to the patient and helps them but
none of them work without the permission of [the]
doctor. We should train the nurses like most of
countries that are free to take the history on its basis...
We have 1200 folders and our work is very hard and
we want to give service to patients. [K2104]

Increased Workload
Participants in the Shkoder and Tirana FGDs suggested that
despite the perceived benefits of introducing iCBT, they
anticipated that the project would take a toll on their workload.

…Besides the working benefits that we gain from this
project I will have to work extra hours to what I
already do here. [A021]

Participants in the Tirana and Shkoder FGDs also suggested
that they felt used by previous research projects and enquired
if monitory incentives would be available for their additional
efforts. They also suggested that clinicians should have the
opportunity to decide if they wanted to participate in the trial
and implementation in accordance with the additional strains
that this may take on their work.

…This will be an extra engagement from my side and
I have the right to decide if I want to be involved or
not in this project… we understand the aim and
structure of the project, we would like to know if there
is going to be a monetary incentive/wage for the
participants. We have had a lot of people who wanted
to implement their projects and we have felt used by
them. [A021]

Change Commitment (Change Valence)
Change valence broadly refers to the CMHC member’s
perceived value of iCBT. FGD data suggested that participants
welcomed the innovation of iCBT treatment and valued the role
of iCBT for people who are living geographically isolated lives
and for reducing stigma associated with accessing mental health
services.

Digital Innovation Welcomed
Participants across the Tirana, Prizren, Prishtine, and Mitrovice
FGDs appeared to express optimism and high hopes for the use
of iCBT, which participants perceived as innovative and
potentially leading to improvements in the choice and quality
of services.

…We would all be interested about CBT and iCBT
training in order to have a different approach with
clients. The online intervention would be most
welcomed and knowing that this will be the first time
that is being implemented in Kosovo we are ready to
support it. [K2101]

Increased Access
FGD participants from Prishtine, Mitrovice, Tirana, and Prizren
said that online interventions could lead to an increase in service
access for people who are residing in geographically isolated
regions, living isolated lives, and people who are living in
poverty. It was also reported that the implementation of iCBT
could remove access barriers related to travel, thereby increasing
access to the CMHCs.

…It will be as an open door and relief for depressed
patients who need additional psychotherapy. [iCBT]
saves client time (travel to psychotherapist) because
eg. Ifightdepression tool can be used in distance.
[K2205]

…this online method would be very welcome
especially for women who live isolated [lives] for
different reasons knowing that technology is used
from every person and can be treated online without
problems so we as a therapist would be very much
pleased and satisfied if we were training in this very
important field. [K2101]

Reduced Stigma
While stigma was perceived as a barrier for meaningful exposure
to iCBT, FGD participants from Tirana, Prizren, Prishtine, and
Mitrovice collectively suggested that the use of iCBT could
reduce the stigma associated with mental health care access.
For instance, participants reported that clients were concerned
about being seen accessing the CMHC, fearing how this might
be perceived by their wider community.

…Sometimes, they might come at the treatment center
at the same time and pretend to not know each other.
[A005]

Participants reported that some of the CMHCs also serve as day
centers for long-term community clients, reinforcing that centers
mainly support people with severe mental health conditions,
thereby increasing the stigma experienced by clients. The
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versatility of a web-based CBT intervention could allow clients
to engage in treatment for depression at home where they may
feel more comfortable and less stigmatized.

…It (iCBT) would be very successful by knowing that
stigma is very present, there is always a problem to
convince patients to take the right services and this
is the reason why this project will have success. For
example, if a patient comes to [name of service], they
can see patients with serious mental illness here
staying in Day Center which increase fear and stigma
and if I will show them this web-based tool I’m very
sure they will feel more comfortable working from
home. [K2206]

Discussion

Principal Results
We conducted a qualitative examination of organizational
readiness for implementing an iCBT intervention for people
with mild to moderate depression with health care professionals
from 7 CMHCs across Albania and Kosovo. Our directed
qualitative content analysis revealed 2 overarching themes of
organizational readiness for implementing iCBT that aligned
with Weiner’s [13] ORIC model that we used to interpret the
data heuristically. The first was change efficacy, referring to
the perception of how possible it would be to implement iCBT
in relation to 3 themes, namely, situational factors, resource
availability, and task management, which were largely perceived
as barriers. The second theme was change commitment, which
included 1 subtheme, change valence, in which participants
largely expressed that iCBT could result in benefits to their
organization and the communities they serve.

Comparison With Prior Work
Several situational factors were identified as barriers for
implementing iCBT for depression. Most participants suggested
that iCBT was not a good fit for the clinical populations using
the CMHCs, which largely consisted of clients with severe
mental illness (eg, schizophrenia, mood disorders with psychotic
episodes). Moreover, it was reported that other clients accessing
the CMHC discontinued their use of the service once their
condition was perceived as manageable. These patterns of
service use appear to be consistent with the treatment prevalence
for psychoses being higher when compared to the treatment
prevalence of depression in upper-middle-income countries in
contrast to that in high-income countries in which rates are
comparable. This demonstrates that people with depression may
be underserved in the region [2]. Participants from the Albanian
FGD also reported that people with mental health conditions
with a low socioeconomic status were more likely to access
services as a way of applying for disability allowance and in
which access to the CMHC provided a means of accessing social
support. While data from the FGDs appear to indicate that
stigma is the driving force for the lack of poor uptake by people
with low-to-moderate presentation of mental illness, the lack
of specialist community mental health services to address
common mental disorders may also deter people from accessing
services. This is supported by research that perceiving treatment

or services as undesirable can lead to delays in access to
treatment [9].

Participants expressed concerns that their clients may fear data
privacy breaches and that this may negatively impact access to
iCBT. Similarly, a qualitative study exploring the views of
people with severe mental illness on digital mental health
interventions [27] found that participants expressed concerns
about the privacy and confidentiality of their data. Nevertheless,
participants also reported that they would still be willing to
engage in digital mental health interventions if they felt fully
informed and reassured about the use of their data [27].
Increasing transparency around how client data are processed
may therefore be helpful in reducing fears around data privacy.
While the clinical presentations of people accessing CMHCs
appear to be a barrier for implementing and delivering iCBT
for depression, some participants (particularly GPs) suggested
that they were seeing a high volume of people with symptoms
of depression that were hesitant to accept a mental health
diagnosis. Participants appeared to link the low uptake of
services to the high levels of stigma associated with mental
health care in the region. Social stigma of mental illness has
been reported globally, not only in Eastern Europe. A review
of mental health care systems in Eastern Europe found that
experiences of public stigma were higher in countries in Central
and Eastern Europe as compared to those in European Union
countries [8]. The high social cost of mental illness may
therefore negatively impact a person’s access to treatment and
their mental health trajectory [8]. Remote access to mental health
interventions such as iCBT may therefore be critical in reducing
the stigma associated with in-person interactions within
brick-and-mortar mental health services. A survey on mental
health service utilization in Southeastern Europe that included
Albania found that perceived stigma led to delays in accessing
services as long as 3 months [9]. Taken together, these findings
support reports by participants in our study that service access
may be negatively impacted by the pervasive stigma associated
with mental illness and treatment-seeking behaviors in the
region.

Public stigma appears to negatively impact how people access
mental health services, requiring significant shifts in public
perception around how mental health and treatment access are
perceived [28]. Public-facing campaigns such as television
programs that raise awareness of mental health treatment or that
raise the voices of those experiencing mental health conditions
have been put forward as a possible solution for addressing
mental health stigma [9]. While evidences regarding the
effectiveness of public-facing antistigma interventions in low-
and middle-income countries are limited [29], there is some
evidence to suggest that they can be effective. A study
evaluating the impact of a brief television news report in
reducing public stigma associated with schizophrenia in Brazil
found that stigma scores were significantly lower in relation to
the desire for social distancing and restrictions to the rights of
people with schizophrenia after watching the news report
vignette and when they were followed up at 3 months [30].
Promising evidence also comes from an antistigma program
(Time to Change Global), which aimed to tackle stigma and
discrimination toward people with mental health problems in
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Ghana and Kenya. The project found significantly positive
changes in stigma-related desire for social distancing from
people with mental health problems, intent to contact with
people with mental health problems, and stigma-related
knowledge after a short-term public campaign [31].

Participants reported both facilitators and barriers in relation to
resource availability for implementing iCBT. The general
technological infrastructure required for iCBT (eg, access to
computers, internet at the service) was present in Kosovo but
not in Albania where substantial investment was required.
Participants said that there were clinical professionals within
the team (ie, psychologists and psychiatrists) who either had
CBT or counselling skills that would enable them to deliver the
intervention. However, when probed further, they explained
that their CBT skills were limited and gained by reading book
chapters during their university courses, with no clinical practice
or supervision. With the exception of 1 psychiatrist in Kosovo
who had received formal training, none of the 11 psychologists
and 13 psychiatrists had received clinical training on CBT or
other psychotherapy approaches, as clinical training and practice
are not included in the academic curriculum for Clinical
Psychologists in either Albania or Kosovo. Consequently, CBT
training was welcomed not only by psychologists and
psychiatrists but also by a range of mental health professionals,
including those who did not traditionally deliver CBT, such as
nurses and social workers. Numerous studies have identified
similar barriers in relation to the implementation of iCBT. A
qualitative study on the facilitators and barriers of delivering
blended CBT (therapist plus computerized program) in the
United Kingdom found that the intervention was found to be
time consuming, disruptive to usual practice, and overwhelming
owing to having low perceived confidence and practice in
supporting clients through iCBT [32]. The provision of e-mental
health interventions appears to be the simplest part of
implementing blended CBT, warranting the development of a
toolkit that can enable implementation to be tailored around
service needs [33]. Moreover, it is imperative for academic
curriculums of Clinical Psychology MSc level courses in
Albania and Kosovo to integrate clinical training in their
syllabus as well as adopt service-level adjustments that permit
staff with the time, resources, and clinical supervision to deliver
iCBT in order to increase organizational readiness and facilitate
the effective implementation of iCBT in Albania and Kosovo.

Participants also suggested that staff were overstretched by
providing services for populations up to threefold more than
that recommended by law. Barriers to task management were
also associated with a high workload and lack of incentives or
compensation to take on additional tasks. The lack of resources
and availability of specialist mental health facilities often mean
that community mental health services are required to cater for
a broader range of people. It has therefore been suggested that
transdiagnostic interventions may have wider feasibility and
application within low- and middle-income countries [33].
Adopting a versatile iCBT program can be used for a range of
different disorders to increase utility in day-to-day practice.
Notwithstanding the barriers for implementing iCBT,
participants appeared to welcome innovations in the service,
perceiving a range of benefits for isolated and stigmatized clients

that enabled greater access to mental health services. A
metasynthesis review from high-income countries on the user
experience of iCBT found that client participants appreciated
the privacy and access that it allowed for people who felt
stigmatized by mental health services or those who experienced
mobility problems due to a physical disability [34].

Limitations and Strengths
Our study had several limitations. While Albania and Kosovo
are located in the same region and have the same language,
culture, and values, they are 2 distinct countries with different
health care systems that are presented with different challenges
and demands. Data for both settings were merged because there
were not enough data to conduct a separate analysis for each
country. As a result, contextual or nuanced interpretation of the
data could not always be generated. We attempted to address
this limitation by indicating which sites endorsed different
themes. Moreover, the qualitative data analysis did not reveal
any conspicuous differences between the sites. Nevertheless,
many commonalities were discovered, allowing for greater
generalizability to be made. The CMHCs that implemented
iCBT mainly provided mental health services for people with
severe mental illness because there are little-to-no publicly
available psychological services. The mismatch between people
who access CMHC services and the target population for iCBT
may have negatively impacted perceptions around the feasibility
of the implementation of iCBT, even though participants
reported that they would value the use of digital innovations in
their service. Nonetheless, implementing iCBT within CMHCs
was the most feasible option in a region that has limited mental
health resources.

This study also had several strengths. Our study is the first to
examine organizational readiness for implementing a digital
mental health intervention in both Albania and Kosovo. A wide
range of professionals participated in the qualitative interviews,
representing all professions working at and in association with
a CMHC. There was also a good geographical representation
of services across both Albania and Kosovo. The findings of
our study provide a unique contribution to the literature in
relation to the barriers and facilitators for implementing iCBT
in these regions and can be used to develop context-specific
solutions for implementing iCBT [17].

Three directions for future research are proposed. First, studies
should aim to corroborate findings from our study in relation
to stigma and perceived patient barriers to accessing the service,
with clients using iCBT. Second, a larger sample size should
be employed across different regions of Eastern Europe to enable
both in-country and cross-country analyses to be conducted.
Third, in-depth face-to-face qualitative interviews should also
be used to develop a more detailed account of organizational
readiness at an individual level [22].

Conclusion
This study aimed to gain a qualitative understanding of
organizational readiness for implementing iCBT in CMHCs
across Kosovo and Albania. Our study found that almost all
participants valued iCBT as a resource for extending the human
workforce to meet the needs of stigmatized and geographically
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isolated people. However, several mental health system
inadequacies such as insufficient resource availability (eg,
inadequate technological infrastructure, limited human work
force) and task management (eg, lack of CBT expertise and
supervision) present challenges for the implementation of iCBT.
Moreover, longstanding situational factors pertaining to mental
health stigma have shaped the way in which CMHCs are
accessed. Interviews suggested that the majority of people
accessing services were in need of urgent assistance mentally
and financially. However, there was very little representation
from people with mild to moderate presentations such as
depression, who are as a result rendered as both underserved
and unserved, potentially compounding the effect on their mental
health presentation and severity. This pattern of service use
appears to be driven by the pervasive stigma associated with
mental illness to which there is no easy solution and which
requires extensive resources and time to address. While iCBT

offers opportunities to decrease stigma associated with engaging
patients to mental health interventions, much work is required
to increase the treatment-seeking behaviors of people with
depression before iCBT can add value to the CMHC.
Organizational readiness for implementing iCBT appears to be
low, requiring both mental health care systems and situational
factors to be addressed before iCBT can optimally be
implemented. We propose that such barriers can be addressed
through (1) a public-facing campaign that addresses mental
health stigma, (2) service-level adjustments that permit staff
with the time, resources, and clinical supervision to deliver
iCBT in order to increase organizational readiness and facilitate
the effective implementation of iCBT in Albania and Kosovo,
and (3) establishing a suitable clinical training curriculum for
health care professionals to enable them to provide
evidence-based treatments for mental health conditions.
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Abstract

Background: There is growing evidence suggesting that the emotional well-being of the public has been negatively affected
in the past year. Consequently, demand for well-being support has increased. Although there is substantial empirical support for
mental health apps that target diagnosed conditions, there is less research on emotional well-being apps. Among existing well-being
apps, few studies have been conducted on apps that are based on lived experience and those that seek to enhance users’
understanding of their emotional patterns. Thus, the acceptability of these novel apps requires further evaluation before upscaling.

Objective: This evaluation aims to describe the acceptability, engagement, and preliminary outcomes of using an app (Paradym)
designed to promote emotional well-being and positive mental health.

Methods: This is a pre-post, mixed-methods, single-arm evaluation that is aggregated with digital analytics data. We anonymously
collected real-world data on the demographics and well-being of the participants as well as the usability and acceptance of the
app using validated questionnaires and open-ended questions. Participants tested the app for a minimum of 2 weeks before
completing the follow-up measures. Google Analytics was used to record the level of app engagement. Chi-square and 2-tailed
t tests were conducted to analyze quantitative data, and a thematic analysis approach was adopted for qualitative data.

Results: A total of 115 participants completed baseline questionnaires, of which 79.1% (91/115) users downloaded the app.
The sample was diverse in terms of ethnicity, including 43.4% (50/115) people who self-identified as belonging to minority ethnic
groups. Most of the participants were female (78/115, 67.8%) and between the ages of 18 and 25 years (39/115, 33.9%). A total
of 34 app users who completed questionnaires at baseline and follow-up provided valuable feedback to inform the future directions
of Paradym. Favorable themes emerged describing the app’s content, functionality, and underlying principles. Although usability
feedback varied across items, a considerable number of participants (22/34, 64%) found that the app was easy to use. Google
Analytics revealed that at least 79% (27/34) of people used the app daily. On the basis of preliminary observations, app users
experience increased mental well-being. Post hoc analyses indicated that the reduction in depression scores (t33=−2.16) and the
increase in the well-being measures (t33=2.87) were statistically significant. No adverse events were reported during the follow-up
period.
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Conclusions: The findings of this evaluation are encouraging and document positive preliminary evidence for the Paradym
app.

(JMIR Form Res 2021;5(11):e31064)   doi:10.2196/31064
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smartphone; app; well-being; awareness; mental health; formative; mobile phone

Introduction

Background
Emotional well-being, as an important predictor of human health
and longevity, has the potential to reduce the risk of physical
and mental health disorders, is well established in the literature
[1-4]. Research suggests that emotional well-being has declined
in the general population in the past year [5-7]. Therefore, there
is an increased need for accessible support services to meet this
demand [6]. Evidence suggests that one mechanism for
improving levels of emotional well-being is raising one’s
emotional self-awareness [8]. Furthermore, apps have been
identified as a promising mode of delivery based on their
accessibility, scalability, and potential to provide anonymous
services [9].

Emotional Well-being and Emotional Self-awareness
Emotional well-being is defined as a component of mental health
that includes happiness, interest in life, and satisfaction [10].
Researchers and policy makers have made the case for the
promotion of emotional well-being to advance human health
and reduce the costs associated with poor mental well-being
and increased risk of mental health disorders [1,3]. Emotional
awareness refers to the ability to recognize one’s emotions as
they are being experienced and communicate them [11]. Low
levels of emotional awareness have been associated with poor
emotional well-being and an increased risk of mental health
disorders, such as depression [8,12,13]. High levels of emotional
awareness have been associated with a reduction in depressive
symptoms and increased positive affect and emotional regulation
[14,15]. There is also evidence suggesting that emotional
awareness can enable flexibility of behavioral responses to
difficult emotions and contribute to improved relationships with
others [15,16].

Emotional Well-being Apps
On the basis of the positive associations between emotional
self-awareness and emotional well-being, a growing number of
digital interventions have adopted this approach [9,17,18]. These
apps offer a route to support users in improving their emotional
well-being through their personal digital devices (eg,
smartphones and tablets). Therefore, well-being apps can be
used at any time, independent of location, with the added benefit
that users can use the apps privately [9]. To this end, there has
been a growing demand for and development of well-being apps
that have accelerated in recent years [19,20]. A systematic
review of 52 apps revealed that within the existing range of
well-being apps, the apps have aimed to increase users’
management of emotions primarily through mindfulness,
cognitive behavioral, and mood tracking approaches [21]. For
instance, popular meditation and breathing apps, such as

HeadSpace and Calm, have encouraged users to become aware
of emotions and manage thoughts and emotions through daily
meditation and breathing exercises [22-25].

Other apps have provided strategies from cognitive behavioral
therapy, such as challenging negative thoughts, catastrophizing,
and facilitating positive reappraisal [26-28]. Furthermore, some
apps use mood tracking to enable users to identify emotions or
moods and record and monitor these moods as an approach to
emotional awareness [28-31]. In response to particular moods,
some apps provide suggested activities to manage mood or
emotional responses [30]. Although less frequently available,
some well-being apps, such as MoodHacker, have been informed
by principles of positive psychology that encourage users to
identify their strengths and increase their mindful self-awareness
[27].

Of the current range of well-being apps, it was noted that apps
drew less frequently on lived experiences to explore well-being
topics. Similarly, storytelling as a medium to convey
psychoeducational concepts has been less studied in the
literature [21]. The closest examples to this approach used
fictional characters to guide users through the app [32] or
real-life testimonials of other people who overcame difficult
circumstances [33]. Further, to the best of our knowledge, there
are no studied apps that encourage users to go beyond the
exploration of their current emotional states, to inquire into their
emotional patterns as a means of understanding their personality
traits and tendencies over time [21]. Given the rapid
development of apps, and relatively fewer studies on apps that
use storytelling, lived experience, and emotional patterns, there
appears to be a significant gap in this area that could benefit
from further exploration. This is also important, given the need
to explore wider techniques that could impact levels of
engagement with digital interventions [21].

The App Under Evaluation
The Paradym app was developed to support users in increasing
their emotional awareness through learning about their emotional
patterns to contribute to enhanced emotional well-being,
increased self-awareness, and improved life satisfaction. The
app uses storytelling as a starting point to introduce users to
psychoeducational content that covers key areas of a person’s
life (ie, love and relationships, body image, work and success,
and identity). The app also incorporates concepts drawn from
lived experience, which refers to the first-hand personal
involvement of the user and the meaning that their past
experience brings to current situations [34]. As a starting point,
the app was designed for young adults aged 18 years and above.
Before further development of the app and to ensure successful
implementation, concepts of the Technology Acceptance Model
were applied [35]. The model proposes that the assessment of
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perceived usefulness and perceived ease of use can determine
whether users will engage with the new digital intervention. It
is also recommended that user anxiety be monitored, as previous
studies identified anxiety as an external variable in the
technology acceptance model [36].

The Process of Evaluation
The current evaluation was further guided by the Medical
Research Council guidelines, which suggest addressing possible

uncertainties identified during the development of new
interventions [37]. Therefore, in this evaluation, we aimed to
describe the acceptability, engagement, and preliminary
outcomes of using an app (Paradym) designed to promote
emotional well-being by adopting novel approaches. At this
formative stage, the paper also aimed to record and report any
negative consequences of using the app. To address these aims,
the following key questions were addressed (Textbox 1).

Textbox 1. Key questions.

Engagement

1. What are the characteristics of users accessing and using the app?

2. What are the users’ levels of engagement with the app?

3. Are there differences between completers and noncompleters?

Acceptability

1. What did users like about the app?

2. How usable or useful did users find the app?

Preliminary outcomes

1. Would users’ well-being increase after the intervention period?

2. Would users’ mental health symptoms (eg, depression) decrease after the intervention period?

3. Would participants experience severe or high levels of anxiety or other negative experiences during the intervention period?

Feasibility

1. Can users’ feedback be used to inform upgrades to the app?

2. Would it be feasible to conduct further evaluations of the app using current recruitment strategies and outcome measures?

Methods

Design
The current evaluation adopted a mixed-methods study design
with a pre-post single-arm approach aggregate with digital
analytics data. We adhered to the Consolidated Standards of
Reporting Trials guidelines [38] where applicable, and registered
the user testing protocol on the Open Science Framework a
priori [39]. The only change in protocol was the decision to not
collect data on anxiety at baseline. As the purpose of the app
was not specifically designed to address mental health symptoms
(eg, anxiety), to minimize the burden of completing lengthy
questionnaires, we only collected data from the anxiety measure
at follow-up. However, this was partly in line with our research
question to explore whether the use of the app introduces high
levels of anxiety.

Participants
Real-world (ie, in-the-wild) data were collected from an
international pool of potential users. User testing was advertised
on Facebook campaigns and through social media over a 6-week
period between May and June 2021. Anyone coming in contact
with information about the user testing had the opportunity to
participate in user testing. To be eligible for the user testing,
participants needed to be over the age of 18 years and not have
a diagnosable mental health condition.

Procedure
Participants were enrolled in the user testing through a link that
was provided on the web advertisement and on the Paradym
website. The link provided access to web-based questionnaires
for the baseline assessment and instructions on how to download
the app from the Apple app store for iPhone users or Google
Play for Android users. An automated email was sent to
participants 2 weeks after completing the first battery of
questionnaires for participants to complete the follow-up
questionnaires. The questionnaires at time 2 included measures
completed at time 1 and additional measures to capture the
acceptability of the app and the users’ experience. Participants
who completed questionnaires at both time points were entered
into a free prize draw with the opportunity to win 1 of 3 US
$25, US $50, and US $100 Amazon Gift Cards.

Intervention Description

Overview
Paradym is an app aimed at supporting emotional well-being
within the general population and targets adults over 18 years
of age. It aims to provide users with support to develop greater
emotional awareness and enhanced life satisfaction. Paradym
was initially a crowdfunded project in the early stages of its
development specifically to ensure that commercial interests
were not taken into account in the early development of the
intervention. The app provides a low-cost self-guided program
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with the aim of supporting users’ levels of emotional awareness
and emotional well-being. Paradym is a standalone app, but it
can also be used in combination with web-based group coaching
sessions. However, for this evaluation, participants only
accessed the standalone app.

Paradym was designed drawing on evidence-based strategies
and designed in response to key topics that users identified as
having such support as success, body, identity, love, and
relationships. Clinical psychologists, coaches, and researchers
were involved in the development of the content and the
selection and review of psychoeducational content, suitable
evidence-based strategies, and exercises (eg, journaling and
recording personal notes).

Although an integrative theoretical approach underpins Paradym,
key therapeutic theories such as acceptance and commitment
therapy [40] and schema therapy [41] informed the lived
experience and storytelling activities. Following consultation
with users, further theory-informed strategies were applied to
produce content that users indicated were important. Paradym
comprises the following key strategies:

Digital Lessons
Psychoeducational digital lessons are structured into 5 pillars:
aware, success, love, identity, and body. These topics were
chosen based on the results of an end-user consultation
conducted early in the development phase. Examples of
psychoeducational content include an introduction to developing
emotional awareness [42], supporting users with the
identification and understanding of their emotions [43], and
identifying and strengthening values [40].

Each digital lesson begins with an explanation of the
psychoeducational concept based on lived experiences through
personal storytelling. Storytelling is expected to help make the
psychological content relatable, foster perspective taking, and
support identification with the storyteller [44-46]. Storytelling
has been found to boost engagement in both psychological
interventions and apps [47]. Digital lessons are provided as
chapters for reading, audio for listening, and video to watch
speakers present the content to support different learning styles.

Emotional Patterns
At the end of each digital lesson, the user is asked to identify
their own emotional pattern in relation to the app’s content,
which draws on some concepts from schema therapy [41]. Its
purpose is to enable the user to gain greater emotional
awareness. To achieve this, the app introduces users to a range
of emotional patterns and asks users to reflect on their own
emotional patterns, and which pattern they perceive themselves
to correspond to at the time of completing the lesson.
Participants can then revisit specific emotional patterns and
change them over time.

Reflections
Reflections are provided to the users via push notifications to
prompt engagement with the app through a new daily reflection.
Research shows that there are many benefits of reflection, such
as supporting determination with tasks despite a stressful context

[48], and that reflection may reduce rumination, which is linked
with internalizing difficulties and interpersonal conflict [49].

Furthermore, notifications have been found to increase app
engagement. Several studies have indicated that the use of
mobile phone app interventions delivering psychological content
must be combined with the active engagement of users [50,51].

Data Collection Tools

Demographics
To understand the demographic profile of users accessing and
using the interventions, participants were asked to provide
anonymous information about their age, gender, ethnicity, and
country of residence. Age was captured using age groupings of
approximately 10 years (eg, 18-25 years, 26-35 years, 36-45
years). To allow inclusivity, participants were asked to enter
their gender and ethnicity using free text. Participants also
selected their geographic location (eg, city, state, country) from
a global list. For analysis, ethnicity was dichotomized as White
or minority ethnic groups. Age was recategorized to represent
45+ years, as there were fewer persons in each age category
above 45 years. Location was then categorized as the United
Kingdom, United States, and others to represent most responses.

Emotional Well-being and Mental Health Factors

Overview

The outcome measures used to assess well-being were the World
Health Organization-Five Well-Being Index (WHO-5) [52], the
Satisfaction With Life Scale (SWLS) [53], the Emotional
Self-Awareness Scale-Revised (ESAS-R) [8], the Patient Health
Questionnaire-9 (PHQ-9) [54], and the Generalized Anxiety
Disorder-7 (GAD-7) [55]. WHO-5, SWLS, ESAS-R, and PHQ-9
were administered pre and post app use. The GAD-7 was
administered post app use alongside the System Usability Scale
(SUS) [56] and the semistructured acceptability questionnaire.

Well-being Measure

The WHO-5 allows a brief assessment (under 1 minute) of
well-being over a 2-week period [52]. Individuals are asked to
indicate for each of the 5 statements how they felt over the past
2 weeks using a 6-point Likert scale ranging from 0=at no time
to 5=all of the time. The WHO-5 is derived from a 28-item
version based on items from the Zung scales for depression,
distress, and anxiety, as well as from the General Health
Questionnaire and the Psychological General Well-Being Scale
[57]. The WHO-5 has been validated as a measure of depression
in both adolescents and older adults, with high measurement
invariance [58]. A high score indicated a high level of
well-being.

Satisfaction With Life Measure

The SWLS [53] is a short 5-item scale designed to measure the
global cognitive assessment of satisfaction with one’s life. The
estimated time for completion of SWLS has been reported to
be approximately 1 minute. The SWLS has been shown to have
very high construct validity, with Cronbach α=.85-.87 [59] and
moderately high reliability (Cronbach α=.78) [60]. A high score
obtained from the SWLS indicates a high level of life
satisfaction.
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Emotional Self-awareness Measure

The ESAS-R [8] is a 30-item scale, and all items are rated on
a 5-point Likert scale ranging from 0 to 5 (0=never, 1=very
little, 2=sometimes, 3=often, 4=a lot). The subscales ranged
from 0 to 20. The total scale ranged from 0 to 132. Subscales
included recognition, identification, communication, and
contextualization. The ESAS-R has been shown to have high
validity and reliability (Cronbach α=0.83-0.90) [30]. A high
score on this measure indicates a high level of emotional
self-awareness.

Depression Measure

The Patient Health Questionnaire (PHQ-9) is a depression scale
that scores each of the 9 Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition criteria as 0 (not at all) to 3
(nearly every day). The PHQ-9 has been validated for use in
primary care [45]. It is not a screening tool for depression, but
can monitor the severity of symptoms and response to treatment.
Scores over 10 have good sensitivity (88%) and specificity
(88%) for the diagnosis of major depression by interview. It
has high internal reliability, and Cronbach α=.89 [61]. The
construct validity of the PHQ-9 is also high for community and
clinical samples [62]. A high score obtained from the PHQ-9
is indicative of a severe level of depression.

Anxiety Measure

The GAD-7 is a 7-item, brief clinical measure that assesses the
presence and severity of generalized anxiety disorder. The
self-report scale asks how often during the last 2 weeks
individuals experienced symptoms of generalized anxiety
disorder. Total scores range from 0 to 21, with cutoff scores of
5, 10, and 15 indicating mild, moderate, and severe anxiety,
respectively. Increasing scores on the GAD-7 are strongly
associated with greater functional impairment in real-world
settings. Sample items are rated from 0 (not at all) to 3 (nearly
every day). Scores over 10 have good sensitivity (89%) and
specificity (82%) for diagnosis of generalized anxiety disorder
by interview, and the scale has high internal reliability, as
suggested by a Cronbach α=.92 [55]. The scale has been widely
used and considered a valid and reliable screening tool in
previous research, presenting good reliability, factorial, and
concurrent validity [63]. A high GAD-7 score is an indicator
of severe anxiety.

Acceptability and Usability

System Usability Scale

The SUS is a 10-item scale with all items measured on a 5-point
Likert scale ranging from 1 to 5 (1=strongly disagree and
5=strongly agree) with total scores ranging from 0 to 100. This
widely used scale in technology provides an overview of the
subjective assessments of usability [56]. The SUS has been
shown to have excellent construct validity and reliability
(0.81-0.94) [64,65]. A high score on the SUS indicates a high
level of usability, with a score above 68 considered above
average.

Semistructured Questions

In addition to the SUS, we aimed to capture information about
the acceptability of the app by identifying facilitators and

barriers to using the app. For the open-ended questions, the
following questions were adapted from a study by Kern et al
[66] to fit the current evaluation:

1. Why would you use (Paradym)?
2. Why would you not use (Paradym)?
3. Explain why (or why not) you would prefer to use

(Paradym) to seeing a mental health professional?

Adverse Events

To capture any side effects of using the app, participants were
provided with the email address for the research team and
requested to contact a member of the research team if they
experienced any distress or discomfort or experienced any other
issue because of their use. Adverse events (ie, side effects) were
identified and recorded as any untoward medical or clinical
occurrence, which did not necessarily have a causal relationship
with the intervention. Any adverse events arising during the
evaluation period were assessed for severity, causality,
seriousness, and expectedness (ie, relating to the information
provided by the app).

Data Analysis
Descriptive statistics were calculated for participant
characteristics at baseline (preintervention), and Google
Analytics estimates were used to report app engagement. The
main focus was on descriptive data to address the aims of the
evaluation. However, some exploratory significance tests were
conducted on within-group mean differences at the 2 time points
(ie, baseline and follow-up) on mental health and well-being
measures. Paired samples, 2-tailed t tests were conducted on
continuous data, and Chi-square tests were used for categorical
variables in SPSS [67]. Qualitative data from the semistructured
open-ended questions were captured in a questionnaire format,
coded in categories, and analyzed using the steps outlined for
thematic analysis [68]. The data were coded line by line and
then clustered into provisional themes. Each candidate theme
was reviewed by going back to the coded data to check whether
the meaning was accurate. Next, the uncoded datasets were
revised to ensure that the data were relevant to the research
question. Finally, the provisional theme titles and the codes that
they contained were checked to confirm that they remained
relevant and accurate. Any discrepancies that arose were
discussed at team meetings and only included after a consensus
was reached.

Ethical Considerations
We were guided by the research ethical principles for ensuring
the rights, safety, dignity, and well-being of the participants in
this evaluation were protected [69]. All data were collected
remotely from a nonclinical population, and participants
voluntarily provided informed consent for their anonymized
deidentifiable data to be used for research purposes. The
research team’s email address was available for participants to
contact us if they experienced any discomfort because of using
the app. The researchers were prepared to signpost users to
relevant well-being support and resources, if required. Owing
to the formative nature of the evaluation, findings were not
expected to be generalizable or transferable in any way. We
also consulted other researchers affiliated with academic
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institutions and practitioners known to the study team who
reviewed the evaluation protocol and provided oversight with
respect to research ethical guidance. In light of the above, this
evaluation was viewed as user testing or service evaluation and
therefore was exempt from formal ethical approval by the Health
Research Authority (Multimedia Appendix 1).

No formal ethical approval was required for similar acceptability
studies [30,70,71]. As explained by Ahtinen et al [72], ethics
committee approval was not acquired, as the study was deemed
to involve minimal risk and the focus was on studying mainly
user experiences. In addition, the present evaluation does not
involve a clinical population, like that of Ly et al [73]: “Since
this pilot trial involved a non-clinical population, it was
considered exempt from registration in a public trials registry.”

Results

Overview
Questions about engagement, acceptability, and preliminary
outcomes (1-8) are addressed in the results section, and

questions on feasibility (9,10) are addressed in the Future
Directions subsection of the Discussion section.

Descriptive Data
During the 2 weeks, the user testing was advertised, and 292
participants expressed interest as part of the preliminary
evaluation. One hundred fifty-one individuals either did not
attempt or did not complete the baseline questionnaires and
therefore did not reach the relevant page to be able to download
the app. However, data from 18 participants were not
considered, as they did not provide consent to process their
information for research purposes. Data from 8 participants
were excluded as they indicated that they were not eligible for
the evaluation based on mental health diagnoses. Consequently,
data from 115 participants (ie, completing baseline
questionnaires and providing consent) were included in the
evaluation. Of these, 91 participants downloaded the app, and
34 of the participants completed questionnaires at both baseline
and follow-up and were included in the final analysis. Figure 1
depicts the flow of participants throughout the evaluation period.

Figure 1. Flowchart of participants' progress through the evaluation period.
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Participant Characteristics
At baseline (n=115), the participants were a self-identified
diverse sample with 43.4% (50/115) belonging to minority
ethnic groups, with most being female (78/115, 67.8%). Most
of the samples (80/115, 69.5%) were from different cities across
the United States. Participants’ ages ranged from 18 to 65+
years, with the mode being 18 to 25 years. Table 1 provides

further details of the sample. As for mental health and well-being
characteristics, the participants were generally dissatisfied with
their life (mean 20.16, SD 6.24) and had moderate symptoms
of low mood or depression (PHQ-9; mean 10.35, SD 6.65).
Participants also reported average scores on emotional
self-awareness (ESAS; mean 56.95, SD 13.94) and general
well-being (WHO-5; mean 17.22, SD 4.96).

Table 1. Demographic information for the participants at baseline and follow-up.

Participant, n (%)Characteristics

Follow-up (n=34)Baseline (n=115)

Gender

9 (26.5)29 (25.2)Male

23 (67.6)79 (68.6)Female

0 (0)2 (1.7)Transgender

2 (5.9)7 (6)Other or prefer not to answer

Age (years)

13 (38.2)39 (33.9)18-25

3 (8.8)21 (18.2)26-30

0 (0)15 (13)31-35

5 (14.7)15 (13)36-40

4 (11.8)7 (6)41-45

0 (0)4 (3.4)46-50

9 (26.5)15 (13)51+

Ethnicity or race

24 (70.6)66 (57.3)White

2 (5.9)12 (10.4)Black

0 (0)4 (3.4)Hispanic

6 (17.6)20 (17.3)Asian

0 (0)1 (0.8)Indian

1 (2.9)1 (0.8)Asian Americans and Pacific Islanders

0 (0)2 (1.7)Jewish

1 (2.9)10 (8.6)Mixed

Country

23 (67.6)80 (69.5)United States

10 (29.4)32 (27.8)United Kingdom

1 (2.9)1 (0.8)Other

0 (0)3 (2.6)Did not answer

Engagement With the Intervention
App use data were made anonymous to comply with the General
Data Protection Regulation and research ethical guidelines.
Ninety-one users downloaded the app; therefore, it was not
possible to separate the data of users who used the app only and
those that used the app and completed the final battery of
measures. During the evaluation period, all users logged into
the app at least once. The average use across all participants
during the evaluation period was 23.53 minutes. The reflections

received 215 views. Users returned to the app an average of 4.5
times with each session lasting an average of 5.22 minutes.
Overall, the Daily Active Use Monthly Active Use ratio (ie, the
proportion of users that engage with the app in a single day,
calculated by dividing the number of daily users by the number
of monthly users) was 80% according to Google Analytics.

Attrition or Dropout
In terms of attrition, 70.4% (81/115) users did not complete
follow-up questionnaires. The remaining 29.5% (34/1115)
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participants completed the questionnaires at the 2 required time
points. Overall, there were no significant differences in
demographic or mental health or well-being characteristics.
However, based on descriptive data, participants who completed
the evaluation had slightly lower mean scores at baseline on all
outcome measures including SWLS (18.94 vs 20.67), WHO-5
(16.18 vs 17.65), ESAS-R (55.95 vs 57.37) and PHQ-9 (10.12
vs 10.45).

Acceptability
Thematic analysis of the qualitative data led to the development
of 3 key themes. Participants provided favorable feedback
describing acceptance of the app’s content, the app’s
functionality, and the app’s underpinning principle. Owing to
the interaction of these themes, users’ feedback indicated that
there is an element of app versatility, with users describing the
use of the app at different times of the day. Some described it
as part of their morning routine or used the Paradym app in
conjunction with other well-being and health apps.

The App’s Content
In this first theme, users commented on the content of the app,
expressing positive evaluations of the app’s chapters, reflections,
and exercises, and reported that listening to or reading the
content helped them with their understanding of themselves and
their mental health. For example, one user expressed, “[Because
of the app, I am] studying myself more closely which has
benefited my mental health” (Female, 51+ years).

Other users recognized the value of Paradym as a form of
additional support separate from that of a professional. They
said that Paradym could assist with self-help, whereas their
mental health professionals could help with the application of
the in-app content. For example, one user expressed, “Paradym
allows me to individually learn and apply it onto myself while
training myself also. Seeing a mental health professional could
allow them to help me directly” (Female, 18-25 years).

The App’s Functionality
In this second theme, users reported that the combination of
videos and text as aspects of the app’s functionality was helpful
when working through the exercises as a way of building
knowledge. For example, one user said, “The videos were
actually pretty engaging when I got around to watching them,
and I did feel like I gleaned some insights and self-awareness
from that” (Gender not reported, 18-25 years).

Others reported valuing the app as a chance to reflect and
understand emotions and found the daily reflection notifications
useful: “[A chance to] reflect on my emotions and life. Works
best with the daily prompts” (Female, 18-25 years).

The App’s Underpinning Principle
In the third theme, users commented on the app’s underlying
principle. Participants reported benefits from building increased
awareness of their emotional and behavioral patterns, moods,
and having an opportunity to explore and record them. For
example, one participant said, “[The app allowed...] building
consistency and having a place to collect my thoughts about
my mood and behavioral patterns” (Female, 26-30 years).

Similarly, another user reported that developing self-awareness
was important and linked to their personal aspirations. For
example, one participant reported, “[I would use Paradym...] to
discover bits about myself and become the person I knew I was
capable of being” (Male, 41-45 years).

Usability Analysis
The mean usability score was almost 60 (mean 59.77, SD 23.65)
out of a possible 100. Participant responses varied across the
items on the SUS. On the learnability subscale, over 91%
(31/34) of the sample were neutral or disagreed that they would
need help to use the app (Item 4), and over 82% (28/34) were
neutral or agreed that they could learn to use the app quickly
(Item 7). In the same vein, 74% (25/34) of users reported feeling
confident enough to use the app (Item 9). Table 2 provides
further details on the participants’ usability experience.

Table 2. Systems usability scale self-report of items post intervention.

Missing data, n (%)Disagree, n (%)Neutral, n (%)Agree, n (%)ItemNumber

0 (0)11 (33)9 (26)14 (41)I think that I would like to use Paradym frequently1

0 (0)16 (47)6 (18)12 (35)I found Paradym unnecessarily complex2

0 (0)9 (26)11 (33)14 (41)I thought Paradym was easy to use3

0 (0)25 (73)6 (18)3 (9)I think that I would need the support of a technical person
to be able to use Paradym

4

0 (0)7 (23)12 (35)15 (42)I found the various functions in this app were well integrated5

1 (2.94)17 (50)9 (26.5)7 (20.6)I thought there was too much inconsistency in Paradym6

1 (2.94)5 (14.7)6 (17.6)22 (64.7)I would imagine that most people would learn to use Paradym
very quickly

7

1 (2.94)14 (41.2)7 (20.6)12 (35.3)I found Paradym very cumbersome to use8

0 (0)9 (26.5)8 (23.5)17 (50)I felt very confident using Paradym9

2 (5.88)17 (50)8 (23.5)7 (20.6)I needed to learn a lot of things before I could get going with
Paradym

10
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Adverse Events
Regarding possible side effects or adverse events, no reports
from the participants were received during the evaluation period.
Therefore, the research team was unaware of any harmful
outcomes that could result from using the app.

Preliminary Efficacy
On the basis of the available data from the participants who
completed the evaluation, a descriptive analysis showed that

mean scores slightly improved on the SWLS (+1.56), the
WHO-5 (+2.03), and the ESAS (+1.75). However, the increase
was statistically significant only for the WHO-5 score (t33=2.87).
In addition, participants’ depression scores also decreased over
time (−1.56) and were found to be statistically significant
(t33=−2.16). Participants’ mean anxiety levels were within the
mild category of about 8.24 (SD 6.59) during the intervention
period. Table 3 provides further descriptions of the sample
(n=34) included in the final analyses.

Table 3. Descriptive statistics for each outcome measure at baseline and follow-up.

P valueCohen dCoefficient (95% CI)Follow-up, mean (SD)Baseline, mean (SD)Outcome measure

.070.370.73 (−0.11 to 0.85)20.50 (7.03)18.94 (5.76)SWLSa

.0070.510.64 (0.02 to 0.99)18.21 (4.94)16.18 (4.70)WHO-5b

.570.140.50 (−0.34 to 0.62)57.70 (14.27)55.95 (12.50)ESAS-Rc

.04−0.380.78 (−0.85 to 0.11)8.56 (6.35)10.12 (6.25)PHQ-9d

———8.24 (6.59)—fGAD-7e

aSWLS: Satisfaction with Life Scale.
bWHO-5: World Health Organization-Five Well-Being Index.
cESAS-R: Emotional Self-Awareness Scale-Revised.
dPHQ-9: Patient Health Questionnaire-9.
eGAD-7: Generalized Anxiety Disorder-7.
fNot available.

Discussion

Principal Findings
The aim of this user testing and initial service evaluation was
to describe the acceptability, engagement, and preliminary
outcomes of using a new version of a well-being app. The
findings indicated that users who downloaded the app (n=91)
generally accessed and used the app during the intervention
period for an average of 5.22 minutes with an average of 4.5
sessions per user over the 2-week period. A fair number of
participants who completed the post assessment (10/34, 29.4%)
engaged with the app content in all 5 pillars. Despite the
observed level of engagement (mean 23.53 minutes), there was
high attrition (70.4%) during the evaluation period. Although
there were no significant differences between the users who
completed the evaluation and those who dropped out, the mean
scores for mental health and well-being measures were higher
in those who dropped out. It is possible that people who
experienced more psychosocial difficulties found it difficult to
engage with the app or to respond to the outcome measures
[74]. Mental health apps generally have high dropout rates, and
some studies have found that once users learn a skill or
knowledge from a particular app, they stop using it [75]. It is
also conceivable that, for users with high life satisfaction, they
may have had less need for the knowledge provided in the app
or felt they had obtained what they needed before the end of
the 2-week period.

Participants who completed the evaluation provided favorable
feedback in terms of the app’s content, functionality, and
underlying principles. Although usability feedback varied across

items of the SUS, a high percentage of participants found that
it was easy to use the app. This can be attributed to evidence
suggesting the importance of specific features that could
influence users’experiences. For example, younger digital users
are more likely to engage with interventions that have features
such as videos, limited text, ability to personalize, ability to
connect with others, and options to receive text message
reminders [76]. Moreover, the promotion of increased
self-awareness is becoming popular among young people in
their early twenties [77]. Therefore, as emotional awareness is
one of the main purposes of Paradym, and a fair amount of
content is presented via videos or audio, users could have
responded particularly favorably. Similarly, Paradym includes
customization features, exercises, and text materials. Contrary
to Liverpool et al [76], users in this evaluation responded
favorably to text-based content (as per the digital lessons).
Further research is needed to determine whether specific features
may have more or less impact on use among various age groups.

In addition, based on descriptive data, all mental health and
well-being scores improved. The change in well-being (WHO-5)
and depression (PHQ-9) were statistically significant, indicating
that the use of the app could potentially improve some symptoms
related to poor well-being. However, as this was not a controlled
study, it is not possible to make any causal claims or explicitly
attribute the findings to the use of the app. Nonetheless, this is
the first study to evaluate Paradym; therefore, these preliminary
findings can be viewed as positive and warrant further
investigation. The other outcome measures did not yield
statistically significant results. This could be because of the
small sample size (n=34) or other methodological issues, such
as the 2-week intervention period. It could be that factors
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associated with life satisfaction and emotional awareness require
longer use periods. It was also noted that anxiety levels of the
participants were mild during the intervention period, which at
a minimum could indicate that the Paradym app did not induce
any unnecessarily high levels of anxiety.

Comparison to Other Findings
In terms of the demographic profile of the sample, the evaluation
captured data from a diverse sample (50/115, 43.5%, belong to
minority ethnic groups). This is generally uncommon in mental
health app studies [22] and therefore provides valuable insights
from underserved and underrepresented populations. Although
we hoped to collect data from a larger sample, the total sample
size and high attrition observed in this evaluation appear to be
common when evaluating digital interventions [78]. Despite
these challenges, the findings are in line with the existing
literature, indicating the potential usefulness of apps to support
positive mental health and well-being. Our findings suggest a
significant increase in well-being, which has also been observed
in similar studies [22,24]. A decrease in depression symptoms
has also been reported in other studies that evaluated mental
health app use [31,79-81]. Similar themes and statistics have
also been reported for user engagement and acceptance [82,83].
However, in terms of study design, this evaluation obtained
both quantitative and qualitative data, including objective
engagement data, to fully capture users’ feedback about the app.
This evaluation also demonstrated that it was possible to conduct
an app evaluation within a 6-week period, whereas previous
studies reported slightly longer evaluation periods of 8 weeks
[84] or more [85]. When compared with recent systematic
reviews and meta analyses, the effect sizes in our evaluation
fell within the previously observed range (eg, 0.10-0.57) for
depression (k=12 [86]; k=18 [87]). Furthermore, for well-being,
the effect size in this evaluation (0.51) was above the previously
observed range (k=5; effect size range: 0.14-0.45) [88].

In terms of the app itself, based on available descriptions for
similar apps [89], Paradym, to the best of our knowledge, may
be one of the first apps that focuses on improving emotional
awareness and emotional well-being for the general population
through the medium of identifying emotional patterns, and
integrates many psychological theories. The module-based
content is similar to that of other apps [90-92], but the focus on
users identifying and selecting a range of emotional patterns to
build an overall profile appears to be unique to Paradym. This
is an important finding, as preliminary feedback suggests that
some users responded positively to this feature.

Strengths and Limitations
The main strength of this evaluation is its ability to collect and
analyze data from a diverse sample of app users. At this
preliminary stage of the app’s evaluation, the findings already
suggest some evidence of promise. These include significant
impacts on mental health and well-being and no reports of
adverse events, in addition to positive feedback on use and
engagement. Another strength is its ability to recruit an
acceptable sample size and carry out the evaluation within a
6-week period. This could indicate a need on behalf of the users
and demonstrate to other app developers and researchers that it

is feasible to conduct ongoing evaluations during rapid
prototyping phases.

Despite its notable strengths, this evaluation also has some
limitations. Obvious limitations include the single-arm pre-post
evaluation design, which limits the ability to perform
comparative analyses. The moderate sample size (n=34) has
limited potential to carry out subgroup analyses (eg, males).
Studies with larger sample sizes and subgroup analyses could
provide valuable information for future versions of the app. The
high attrition rate (70.4%), which is in line with results reported
by other studies, is a point of concern, and future evaluations
of the app would take this into account during the recruitment
period. This limitation could be attributed to data collection via
a link outside of the app platform because the engagement data
showed higher numbers of people (n=91) continuing to use the
app without completing the outcome measures. Owing to the
anonymous nature of the evaluation, it was not possible to make
comparisons between participants who downloaded the app and
those who did not. Another limitation was the 2-week
intervention period. Although this can be viewed as a strength
for this preliminary evaluation, there may be benefits, such as
observations about sustained use and further impact on
well-being, if a longer app use period was included. Another
limitation lies in the brief responses provided by the users for
the semistructured questions. This limited the amount of data
available to provide deeper insights into thematic analysis. These
limitations and other key learnings will be considered in future
evaluations of the app.

Future Directions

App Upgrades
Participants provided valuable feedback that had already been
absorbed to inform upgrades to the app. On the basis of these
findings, the following upgrades will be prioritized before
further evaluations of the app are conducted. First, a proportion
of participants expressed that they would like the app to be more
interactive. A guided process has been added as an adjunct to
the app so that users can join weekly sessions as part of a group
to discuss sections of the app and reflect on concepts of
self-awareness with an assigned coach. Second, the feedback
indicated that some users forgot about the app and needed
reminders. More in-app notifications have been included in
newer versions of the app and are expected to further improve
the levels of engagement [93,94]. Third, based on recent findings
for increasing engagement [24,95] and the positive perception
of the app’s content and functionality, features such as
personalized check-ins will be considered for inclusion in the
app to further enhance the users’ experience.

Research Implications
This evaluation provides a strong foundation for future
evaluations of apps. The current recruitment, intervention, and
data collection period (for a total of 6 weeks) may be too
ambitious to gather a large enough sample size to meaningfully
test statistical significance on multiple variables. On the basis
of our findings and the experience of carrying out this
evaluation, 12 weeks may be more feasible, allowing at least 1
month for each stage of the study. In this way, participants will
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have a longer period to engage with the app and therefore
complete all modules within the app. The outcome measures
used appear to be appropriate, with almost 100% completion
(for n=34 users) on all items. Future evaluations of the app could
maintain the current data collection tools and include the anxiety
measure (ie, GAD-7) at baseline to ensure that it accurately
captures any direct influence of the app on participants’ levels
of anxiety. Therefore, this approach may go beyond the research
question addressed in this evaluation and provide data on any
relationship the app may have with lowering anxiety. This may
prove to be valuable information that could substantiate the
findings highlighted in the relationship between the app and
depression scores. It may be just as useful to enhance the
evaluation by adding a comparative group such as a blended
intervention group and randomizing participants to ensure that
our findings do not occur by chance. In future evaluations, it
may be just as important for us to collect qualitative data from
participants who drop out to fully capture if their decision to
discontinue is based on app use or lack of time to complete
outcome measures, as suggested by other researchers [96].

Practical Implications
Given the range of well-being apps, and the preliminary positive
implications of this evaluation, improving well-being through
regular use of an emotional well-being app that focuses on
emotional awareness and knowledge of emotional patterns,
could have potential promise as a low-cost approach to increase

well-being and related outcomes, such as life satisfaction.
Sustaining user engagement in apps over time is not
straightforward. The results of this evaluation are preliminary
because of the moderate sample size across data collection
points; however, there may be benefits to apps that draw on
lived experience and storytelling, are multimodal, and promote
increased emotional awareness and understanding of emotional
patterns. This evaluation recruited a higher-than-average number
of participants from minority ethnic backgrounds, and further
apps and research initiatives ought to appeal to nonmajority app
users.

Conclusions
This evaluation further highlighted the value of conducting
formative research on mental health and well-being apps. For
example, the findings suggest that users can provide valid
feedback that can be used to inform future app upgrades. Users
generally engaged with the app and provided favorable feedback
regarding the app’s content, functionality, and underlying
principles. Notably, participants in this evaluation experienced
significantly lower levels of depression scores after the
intervention period, as well as increased well-being. The
findings of this evaluation are encouraging and show positive
preliminary evidence that suggests scope for further research
with underrepresented groups, such as ethnic minority
populations.
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Abstract

Background: The undergraduate student population has been actively studied in digital mental health research. However, the
existing literature primarily focuses on students from high-income nations, and undergraduates from limited-income nations
remain understudied.

Objective: This study aims to identify the broader social determinants of mental health among undergraduate students in
Bangladesh, a limited-income nation in South Asia; study the manifestation of these determinants in their day-to-day lives; and
explore the feasibility of self-monitoring tools in helping them identify the specific factors or relationships that affect their mental
health.

Methods: We conducted a 21-day study with 38 undergraduate students from 7 universities in Bangladesh. We conducted 2
semistructured interviews: one prestudy and one poststudy. During the 21-day study, participants used an Android app to self-report
and self-monitor their mood after each phone conversation. The app prompted participants to report their mood after each phone
conversation and provided graphs and charts so that the participants could independently review their mood and conversation
patterns.

Results: Our results show that academics, family, job and economic condition, romantic relationship, and religion are the major
social determinants of mental health among undergraduate students in Bangladesh. Our app helped the participants pinpoint the
specific issues related to these factors, as the participants could review the pattern of their moods and emotions from past
conversation history. Although our app does not provide any explicit recommendation, the participants took certain steps on their
own to improve their mental health (eg, reduced the frequency of communication with certain persons).

Conclusions: Although some of the factors (eg, academics) were reported in previous studies conducted in the Global North,
this paper sheds light on some new issues (eg, extended family problems and religion) that are specific to the context of the Global
South. Overall, the findings from this study would provide better insights for researchers to design better solutions to help the
younger population from this part of the world.

(JMIR Form Res 2021;5(11):e27114)   doi:10.2196/27114
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Introduction

Similar to many low-and middle-income countries [1,2], mental
health among youth in Bangladesh is an overlooked and
stigmatized topic [3]. More than 30% of adults in urban areas
struggle with mental health–related issues [4]. At the same time,
mental health facilities and services in Bangladesh are also
insufficient [5]. The National Institute of Mental Health and
Pabna Mental Hospital are the only major institutes that provide
mental health treatment, constituting only 700 beds in total [4].
There are some other mental health institutes in or around the
big cities as well; however, two-thirds of the total population
living in rural areas have difficulty accessing mental health
because of the lack of facilities in rural areas [4]. Support for
nonserious mental illness is even poorer; the number of mental
and emotional health support helplines is extremely low [6]. In
addition, the general population still holds a traditional negative
attitude and stigma toward those with mental health issues [7,8].

Proposing a path forward for addressing mental health
challenges in the Global South is still at a rudimentary stage of
development [9]. The social determinants of mental health
[10]—social and cultural factors that deeply impact one’s mental
health—have remained understudied in the context of
Bangladesh. These factors vary depending on an individual’s
age, financial condition, or social surroundings. However, in
this paper, we focus particularly on undergraduate students,
who constitute a nontrivial part of the population and are
susceptible to mental health–related problems [11]. As various
statistics and news reports corroborate the deep-rooted existence
of suicide [12], depression [13], substance use [14], and
extremism [15] among the young population in Bangladesh,
and previous research indicates that such behavioral aberrations
are often fueled by broader social, cultural, and political contexts
in which one grows up and lives in [16-21], it is timely to
investigate these underlying factors.

Concerns over the mental health of university students have
been expressed in the Global North for some time now [22],
although the same cannot be said about the Global South.
According to a study conducted in a European country, around
one-third of the first-year university students have been found
to have mental health–related problems [23]. Several studies
[23-25] have associated academic performance with mental
health; that is, poor academic performance worsens mental
health and vice versa. Other contributing factors for mental
health deterioration include economic problems, high parental
expectations, strained relationships, and poor lifestyle [8,26-29].
Several mental disorders are frequently observed among people
aged between 14 and 24 years [30], many of whom are also
university students. These students tend to encounter new
experiences such as moving away from home and making adult
financial decisions. In addition, many of them experience
changes in their health behaviors [31]. Adapting to these changes
sometimes becomes difficult, as students are also expected to
perform their coursework and participate in exams. Failure to
cope with any of these challenges may cause mental health
difficulties [32].

These factors have already been identified as the social
determinants of the mental health of students [10,31], although
they are often specific to the context of the Global North.
However, the different structures of society and culture in the
Global South [33] may contribute to people’s mental health in
other ways that are specific to the context of the Global South
and have not been reported in previous studies. For example,
in countries such as Bangladesh, extended families are far more
prevalent where people live with their relatives (ie, uncles, aunts,
cousins, or in-laws) [33]. Even when people are living in a
nuclear family, social communication among relatives or
neighbors is more frequent and cordial. As a result, maintaining
regular communication with even distant relatives is viewed as
an important social duty [34]. In addition, religion is a major
component of people’s lives [34]. The concepts of religion and
religious duties differ significantly from those in the Western
context. A large portion of the population finds happiness
through practicing religious duties, as religion offers their lives
a sense of value and purpose. Religious identity dictates an
individual’s social group and lifestyle choices [35]. The effects
of complicated social relationships and disparate viewpoints on
religion are yet to be understood in the context of students’
mental health in the Global South.

Through this work, we intend to explore the social determinants
of mental health, particularly in the context of Bangladesh. In
a country like Bangladesh, where social and family structures
are hierarchical, traditional, and community based [10,31,36],
social and family relationships play an important role in people’s
daily lives, and recording one’s mental condition after
interactions with family members and social peers seems to be
a useful way of monitoring and improving their mental health.
Past research suggests that patterns of mobile phone calls can
reveal important information about an individual’s mental state
and relationships with their friends and family [37]. In addition,
mobile phone communication history helps one identify various
forms of social closeness [38]. In recent years, Bangladesh has
observed tremendous growth in mobile phone subscriptions.
The total number of mobile phone subscribers in Bangladesh
is approximately 160 million [39], which is almost equal to the
total population of the country [40]. This shows that mobile
phones are culturally relevant in Bangladesh. We see this as a
research opportunity, as we can leverage the widespread use of
mobile phones across the country to identify the social
determinants of mental health of undergraduate students in
Bangladesh.

One potential way toward forwarding the research on identifying
the factors that affect mental health can be the use of reflective
tools [41-43] that support self-monitoring of mood and emotions
[44]. These mobile apps are suitable for measuring subtle
emotions and capturing patterns of behavior in the long term
[44]. A study conducted by Kauer et al [30] on youth aged
between 14 and 24 years reported that self-monitoring one’s
mood results in an increase of emotional self-awareness,
eventually reducing depression. Another similar study [45],
which helped participants identify the cause of their drinking
habits (eg, relation with romantic partners), showed success in
tracking information about alcohol consumption and its effect
on mental behavior. Kiekens et al [25] explored the impact of
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mood-tracking apps in clinical settings, and their pilot study
received positive feedback from both participants and therapists,
as participants could review their relationships with their family
and peers. Pollak et al [46] suggested that reflective tools with
the option to provide self-reported emotions can give good
insights into human behavior. In the psychology literature,
ecological momentary assessment [47] supports the existence
of a theoretical framework that demonstrates the importance of
such in-the-moment mood assessment. The longitudinal nature
of data in these tools gives users an opportunity to examine the
effects of different life situations on their mental state, as users
can document their moods and emotions at various times and
do independent research on their historical data later [47]. Pollak
et al [46] claimed that providing information about one’s
emotion and mental state at random times of the day can lead
to improvement in social behavior. Other studies [48-52] have
also shown the promise of self-reported mood-tracking apps in
mental health research.

In this work, we designed, developed, and deployed a
mood-tracking Android app that could be used as a reflective
tool to record and reflect on past interactions with social peers.
We conducted 2 semistructured interviews with our
participants—one before and one another after using the app to
understand the impact of our app on their mental health. Our
primary goal is to progress the research toward identifying the
factors that affect the mental health of Bangladeshi
undergraduate students. However, we do not make any causal
claims about these factors; instead, we present the findings from
our interviews that give insights into how certain factors

manifest in the specific context of Bangladesh, as well as shed
light on some new issues that were rarely discussed before. As
a secondary goal of the study, we want to observe the effect of
the self-monitoring tool and see whether our participants take
any action to improve their mental health, despite no explicit
recommendation provided by the app.

Methods

Participants
The study was conducted on 38 participants aged between 19
and 27 years. At the time of the study, all the participants were
full-time undergraduate students. Participants were recruited
through snowball sampling [53] via social acquaintances,
classroom announcements, and word of mouth. Students were
recruited from 7 universities in 2 major cities in Bangladesh:
Bangladesh University of Engineering and Technology (BUET),
Eastern University, Thengamara Mohila Sabuj Sangha Medical
College, Dhaka College, Rajshahi University, City College, and
Bangladesh University of Business and Technology. 

Our participants included 30 traditional and 8 nontraditional
students (P1, P5, P24, P25, P26, P30, and P35). In Bangladesh,
traditional students join university immediately after receiving
their high school diploma, whereas most nontraditional students
attend university after receiving 2-3 years of technical vocational
training (eg, application of different computer software in
official contexts) and a few years of job experience [54]. Table
1 provides information about the participants’ gender, age, and
institution.
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Table 1. Information about the participantsa.

Student typeInstitutionAge (years)GenderParticipant

NontraditionalEUb25MaleP1

TraditionalEU24MaleP2

TraditionalEU22MaleP3

TraditionalEU24FemaleP4

NontraditionalEU25MaleP5

TraditionalEU24FemaleP6

TraditionalEU25FemaleP7

TraditionalBUETc23MaleP8

TraditionalBUET23MaleP9

TraditionalBUET24MaleP10

TraditionalBUET23MaleP11

TraditionalBUET23MaleP12

TraditionalBUET23MaleP13

TraditionalBUET24MaleP14

TraditionalBUET23FemaleP15

TraditionalBUET23FemaleP16

TraditionalBUET23FemaleP17

TraditionalBUET20FemaleP18

TraditionalBUET23MaleP19

TraditionalRUd22FemaleP20

TraditionalDCe22MaleP21

TraditionalDC21MaleP22

TraditionalDC22MaleP23

NontraditionalEU24FemaleP24

NontraditionalEU27MaleP25

NontraditionalEU20MaleP26

TraditionalCCf22FemaleP27

TraditionalRU19MaleP28

TraditionalRU20MaleP29

NontraditionalBUBTg25MaleP30

TraditionalTMCh19FemaleP31

TraditionalTMC19FemaleP32

TraditionalTMC19FemaleP33

TraditionalTMC19FemaleP34

NontraditionalEU26MaleP35

TraditionalEU23FemaleP36

TraditionalBUET23MaleP37

TraditionalTMC20FemaleP38

aP36-P38 did not take part in exit interviews.
bEU: Eastern University.
cBUET: Bangladesh University of Engineering and Technology.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27114 | p.58https://formative.jmir.org/2021/11/e27114
(page number not for citation purposes)

Bhattacharjee et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


dRU: Rajshahi University.
eDC: Dhaka College.
fCC: City College.
gBUBT: Bangladesh University of Business and Technology.
hTMC: Thengamara Mohila Sabuj Sangha Medical College.

Study Design

Overview
We designed and developed HWC (How Was the Call?)—a
mobile phone app that is a self-reporting tool to record and
reflect on past phone calls. We conducted 2 semistructured
interviews with each participant, one before (baseline interview)
and another after (exit interview) using the app. Between these
2 interviews, the participants were asked to install and use the
app for 3 weeks. The study was approved by the institutional
review board of the authors’ institution.

Baseline Interview
During this interview, we asked the participants about their
general mental health and the reasons behind their mental stress,
depression, or frustration; the frequency of experiencing mental
health issues; the relationships that cause them; and their coping
strategies. As English is the primary medium of instruction in
their institutions, all of our participants were proficient in
English. However, to collect spontaneous responses and have
an in-depth discussion, we conducted the interviews in their
native language Bengali, the official language of Bangladesh
[55]. We occasionally used English words for different mobile
phone and mental health–related terms.

Interviews were conducted both in person and through the Zoom
videoconferencing platform. All interviews were audio recorded
with the consent of the interviewees. Interviewers ensured
appropriate levels of empathy and rapport during the interviews.
Time-outs were offered if the participants asked for them.

The average length of the interviews was 25 minutes (SD 13.76;
SE of the mean 3.97).

The 3-Week Study With the HWC App
After the baseline interview, participants were requested to use
the HWC app for 3 weeks. Study personnel helped the
participants install the app on their smartphones and instructed
them on how to use it. We designed the app to run in the
background and pop up a survey at the end of each phone call.
The survey asked the participants to describe their mood by
choosing from 8 emotions (Figure 1): excited, cheerful, calm,
neutral, bored, sad, tense, and irritated. These 8 emotions cover
the circular space of the valence-arousal dimension [56], a
common framework for recording emotional experience, which
assumes that all human emotions are distributed in a 2D space.
Previous works [37,44,46] show that this approach of asking
emotions from the valence-arousal dimension is particularly
suitable for apps where users need to give frequent quick inputs
on their mood, and it offers a reliable tool for researchers to
analyze user behavior. One might argue that self-reported moods
might not cover all mood archetypes; however, a vast amount
of psychology literature [37,44,46] validates the use of our or
similar to our self-report methods. In addition to the ease and
convenience of the implementation of these methods,
self-reported methods provide users with enough control over
their interaction with the system, which does not make them
feel they are part of an experiment and instead generate data
closer to the real world [44,57]. These approaches inspire
spontaneous responses from people and are helpful for capturing
fluctuations in behavior and symptoms [57].
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Figure 1. Interface for providing feedback after each call. HWC: How Was the Call?

In addition to the 8 emotions, we also provided the participants
with a textbox to describe their feelings in more detail. Although
we could have asked for more inputs from users (eg, how strong
is the emotion?), our app asked for user input every time they
made or received a call. Hence, asking for too many inputs from
users after each phone call would require a high cognitive
burden that might alter emotion and reduce long-term
engagement [44]. However, a participant can choose to skip
and provide no information. This app does not require any
internet connection and stores all information in the local

memory of the mobile phone. As a result, there is no risk of
participants’ information going public.

Once the participants described their feelings, they had the
option to view their data later. The participants could review
their call history and see how they felt after each call (Figure
2). They could also view a visual summary of their reactions
over a period of time with the help of a pie chart (Figure 2).
Although the app let participants see their information, it did
not provide any sort of feedback or recommendation to alter
the mood.
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Figure 2. Interfaces for analyzing call history and mood. HWC: How Was the Call?

The flow of the app is as follows:

1. The participant installs the app.
2. Every time the participant makes or receives a regular phone

call, the app starts its operation.
3. After the call ends, the participant is prompted to provide

feedback and choose from 8 options (Figure 1). A textbox
is provided for additional written comments. A participant
can take any of the following 2 steps:
• After providing the information, the participant can

press Next. This stores the information in the local
memory of the mobile phone, and the app terminates.

• The participant can choose not to provide any
information by pressing Skip. The app then terminates.

4. The participant checks the call history and reviews their
emotional status after each conversation at any time (Figure
2).

Participants who were worried about their data being stored
outside the phone (public server and database) or shared with
a third party were ensured that their call history and mood
descriptions would only be stored in their mobile phone
memory, and they were even allowed to see the source code of
the app. In fact, 2 participants who were familiar with Android
app development requested to review our source code, and we
allowed them to do so. We did not collect specific information

about the number of calls received by each participant for
privacy reasons.

Exit Interviews
Exit interviews were arranged after the participants had used
the HWC app for 3 weeks. In these interviews, participants
described their experience of using the app to track their moods.
The questions were more specific in this session, where we
asked them to highlight the major incidents that they had
recorded over the past 3 weeks. We also asked them how the
app had shaped their opinions and attitudes toward other people
in their social circle. The setting of this interview was the same
as that of the baseline interview. The average length of the
interviews was 17 (SD 7.43, SE 3.03) minutes. Despite our best
efforts, we could not reach 3 participants (P36-P38) in this
session because of their unavailability, resulting in a data set of
35 (male: 21/35, 60%; female: 14/35, 40%) interviewees.

Data Analysis
We first transcribed the audio recordings from both sets of
interviews and then translated them into English. Next, we
performed a thematic analysis of our data based on the Boyatzis
framework for code development [58]. From our analysis of
the baseline interviews, we tried to explore the major social
determinants of mental health among undergraduate students
in Bangladesh. The responses of the participants during the exit
interviews demonstrated the effectiveness of the app in
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monitoring their mental health and its impact on identifying the
specific personal issues they had been dealing with. The results
of the analysis are described in the next section.

Results

Overview
In this section, we first describe the findings of our baseline
interviews by highlighting the factors that affect the mental
health of our participants. Then, we report the impact of our
app on helping participants monitor their mental health. Finally,

we describe the measures that were taken by our participants
to improve their mental health, although no recommendation
was provided by the app.

Factors Affecting Mental Health

Overview
Through our interviews, we identified 5 factors that affected
our participants’ mental health the most. Table 2 illustrates the
distribution of these factors based on how many participants
reported them. Several participants reported multiple factors.
Each of these factors is presented in detail later.

Table 2. Distribution of the factors that were reported by the study participants (n=35).

Participants, n (%)Factor

27 (77)Academic performance

19 (54)Family

17 (49)Job and economic condition

11 (31)Religion

9 (26)Romantic relationships

Academics
Academic standing was the most discussed theme during the
interviews. Of the 35 participants, 27 (77%) noted that academic
performance had a major impact on their mental health. Their
main concern was the stress and depression created by
assignments, class tests, projects, and final exams. One
participant said:

I feel depressed on the evening before my exams. I
get very tensed and start to think too much about the
upcoming exam. Often I feel uncertain whether I will
be able to answer all the questions or not. Sometimes
I am too confused and start to panic about my
preparation. I call my classmates and ask them about
their preparation. Although they tell me that they have
not prepared very well either, I assume otherwise and
get more depressed. [P4]

Another participant (P11) further added that he had been stressed
because of his final-year academic thesis. Even during vacation,
he had to work on his thesis. Other participants were more
concerned about their academic grades. They thought that their
results were not satisfactory, and they might struggle in the job
market. As mentioned by another participant:

I get frustrated when I try to read in the evening. I
think about my future career and feel that I am not
doing enough. I have a poor CGPA, will anyone give
me a job? At times, it seems that I am a complete
failure, which makes me frustrated. [P2]

A similar sentiment was reflected in the response of P10. In his
opinion, despite putting in his best efforts, he had not been able
to achieve his desired grades, which resulted in mental
depression and frustration. He said the following:

I have been getting poor grades in exams in
consecutive semesters. Despite trying my best, I am

not being able to improve my grades. It’s not that I’m
not trying, but nothing seems to work. [P10]

Another participant (P17) expressed her concerns over academic
deadlines. She felt that procrastination contributed to a decline
in her mental health. She tended to start working at the 11th
hour to complete her assignments; however, before that, she
could not focus on anything else either, as she constantly kept
reminding herself about the deadline. She felt that this sort of
behavior put her in some kind of loop, which was the main
reason behind her stress. P25 also shared similar frustrations;
however, his reason was that he did not have time to focus on
his studies because of his full-time job. He also felt that he was
in a loop as he joined the program to have a BSc degree and
have promotions in his current career; however, at the same
time, his career prevented him from concentrating on his studies.

Family
Of the 35 participants, 19 (54%) mentioned family as a reason
for the decline in their mental health. However, the underlying
reasons varied significantly. As the participants were from
different backgrounds in terms of social and economic status,
their problems were also different in nature. For example, one
participant (P1) said that he had lost his parents at the age of
15 years. As the eldest child, he had to pick up many
responsibilities since then. Although he was quite happy to
perform his responsibilities, he constantly felt that he had not
been doing enough for a better upbringing of his younger
brother. He said the following:

When my mother died, my younger brother was still
a baby. We lost our father after a few years, so his
only guardian now is me. I am always tense about his
education. Sometimes my brother does not listen to
what I say. Those times are very hard for me.
Whenever he fails at anything, I feel genuinely
frustrated. [P1]
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The participants who were married (P5, P6, P7, and P24) talked
about their spouses and in-laws when discussing mental issues.
One male student (P5) with a full-time job said that he was
always concerned about financial stability, as his wife did not
have a job. Owing to his busy life, he missed many family
events, and although the reasons were genuine, his in-laws felt
that he did not give them enough attention. Of the 35
participants, the 3 (9%) recently married female participants
(P6, P7, and P24) discussed at length about their relationships
with in-laws and how this affected their mental health. In
Bangladesh, it is a common practice for women to move to their
husbands’ houses after the wedding. As extended families are
still a cultural norm in Bangladesh [33], a new wife needs to
build a relationship with her husband’s family. These issues
were pointed out by both P6 and P7. P7 said the following:

I am currently having issues with my new family. It
is not any particular person, but their overall attitude.
I have to be careful about my every action because if
they don’t like anything, they directly call my parents
to complain about me. What hurts me more is that my
own parents do not support me in this case. The
relationship dynamic with my in-laws is perhaps the
biggest cause of stress in my life currently. [P7]

Some other participants mentioned that as they were too busy
with their academic life, they got stressed whenever they were
burdened with any additional family responsibilities, including
sending money and taking care of sick family members.
Approximately 6% (2/35) of participants (P13 and P27) said
that simply talking about family problems through the mobile
phone was stressful for them.

Job and Economic Condition
Of the 35 participants, 5 (14%) participants (P1, P5, P25, P30,
and P35—all nontraditional students) had full-time jobs during
the study period, and all remarked that work-related issues
affected their mental health. P5 talked about the competitive
environment of his office—how everyone there was under huge
pressure to perform and complete the tasks assigned to them.
He said the following:

A full-time employee has a lot of responsibilities. You
have pressure from your boss – pressure of meeting
deadlines, pressure of performing better than your
colleagues. Even at midnight, I receive calls from my
boss. This makes me think that life without mobile
phones would have been much better. At least your
boss could not have reached you after office hours.
[...] When I fail to meet a deadline, I get anxious. You
fail, which means that you will have a lesser chance
of being promoted and there are many other people
waiting to grab that opportunity. I used to think
competition exists only in colleges, but it is certainly
more in professional life. [P5]

Some of our participants mentioned that their families were
solvent, and they did not have an urgency to get internships or
jobs. However, they still felt the pressure to look for a job, as
their peers had been doing the same. One participant (P14)
highlighted this issue as a major reason for the decline in his
mental health. Some participants, on the other hand, got

confused about their career choices. In Bangladesh, career
counseling is not recognized as an important activity at
universities [59,60]; thus, many students face a dilemma
regarding their career choices. This is reflected in the response
of a business major:

I think about my future all the time. I am finding it
really difficult to choose between two specific options:
doing an MBA or preparing for job interviews. I try
to consult my seniors, but even they do not have a
clear career path for this program. [P6]

As mentioned before, of the 35 participants, 12 (34%) were
from BUET, which is typically regarded as the most sought-after
academic institution in the country. As a result, they had a high
demand as instructors in local coaching centers [61] or as private
tutors. In fact, all of our participants from BUET, except P9,
had a part-time income source as private tutors. We found a few
tutoring-related issues that affected their mental health. For
example, P10 mentioned that he received many calls from his
students during his own study hours, and concentrating too
much on his students might be a reason for the deterioration of
his mental health as it affected his own grades. P11 also
expressed similar concerns; however, for him, making money
was a bigger priority than obtaining good grades, even as a
student. In his opinion, he became frustrated when he did not
have a good number of students to be able to send enough
money to his family. In fact, he was mentally quite happy during
our study period as he had been earning more money than ever.

Religion
Of the 35 participants, 11 (31%; all Muslims) discussed the role
of religion in their mental health. One of them (P1) said that
when he missed the Fajr prayer (the first of the 5 daily prayers
performed by a practicing Muslim) at dawn for oversleeping,
he did not feel well for the rest of the day. However, he
eventually calmed himself by thinking that an unwillingly
committed negligence would not be punished and a good act
later in the day would compensate for the earlier remission. He
further added the following:

I believe in Tawhid [the concept of monotheism in
Islam], so I believe the whole universe has been
created by our God. He has given us certain duties
to perform, and sometimes when I fail to do any of
those, I get a little bit stressed out. [...] I have another
issue pertinent to religion. In a society, different types
of religions coexist and I have certain expectations
from the believers of other religions. At times, those
expectations are not met and I face trouble in
interacting with people from other religions, which
bothers me a lot mentally. [P1]

P27, who also expressed similar sentiments, felt that each
problem in life could not be shared with family. That is why he
had turned to God with Whom he feels that every problem can
be shared and discussed. However, all of these participants
highlighted that they performed Salah (prayer) to seek happiness.
In addition, P4 and P24 said that they regularly read the Quran
(the main religious text of Islam) to relieve mental stress.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27114 | p.63https://formative.jmir.org/2021/11/e27114
(page number not for citation purposes)

Bhattacharjee et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Romantic Relationships
Of the 35 participants, 9 (26%) talked about their romantic
relationships when discussing mental health. The 3 married
participants, including P7, who was not happy with her in-laws,
appreciated the support they received from their spouse in
conjugal life. However, all of them confessed that they needed
to think about their actions thoroughly, as those might affect
their spouse. This constant pressure of remaining careful and
alert creates a stressful family environment for them.

The unmarried participants (P9, P11, P13, P21, P28, and P31)
described their past and present romantic relationships. One
participant correlated his stress and frustration with his
relationship with his partner:

I think my major source of stress and depression is
my relationship with my girlfriend. We have been in
the relationship for a while now, and I always try to
make her happy in any way I can. Even then, I
sometimes notice that the value of my opinion matters
less very little in our relationship. Additionally, I have
a tendency to compare my financial status with my
girlfriend’s, which also makes me sad or in some
cases, jealous. [P21]

Another participant (P9) pointed out a different aspect of
relationships, saying that his ex-girlfriend had issues of
emotional dependency and that he had to spend a significant
amount of time throughout the day talking with her over the
phone. He felt relieved to get out of the relationship as he was
unable to cope with the habit of spending too much time on the
phone. P11, who had recently broken up with his girlfriend,
was visibly distressed because of the failed relationship.
However, one participant (P13) attributed the supportive nature
of his girlfriend to his sound mental health, saying that he always
found his partner by his side when he was stressed.

Monitoring Mental Health
Having described the factors affecting the mental health of our
participants, we now highlight the effectiveness of our app in
monitoring their mental health. Through our app, participants
were able to track their own behavioral patterns by regularly
recording their information. All of our participants agreed that
the moods shown in the app represented the entire spectrum of
their real-life emotions and made them more conscious about
their mental health:

Each time I finish a call, the app asks me how I am
feeling. This makes me think about my mental health
for a few moments, which I would not have done
previously. The app makes me more aware of my
mental health. [P1]

Another participant (P2) liked the feature of reviewing the mood
data. He reported that during the course of 3 weeks, he had
periodically analyzed his mood report, and in doing so, he could
identify some patterns. For example, he had realized that he felt
more tense at night.

Our participants also mentioned that the app helped them in
identifying the positive and negative influences in their lives.
As a result of using the app, they were able to more consciously

identify the positive influencers—persons with whom they are
close in real life but never previously thought of as positive
catalysts for the betterment of their mental health. For example,
P5 acknowledged this revelation in the following way:

Through this app, I could identify those people who
make me happy and I realized that even during
face-to-face conversations, this same group of people
makes me feel more comfortable. I could make this
explicit connection by using this app. [P5]

Similarly, some participants noted that the use of the app was
helpful in identifying persons who caused mental stress in their
lives. Of the 35 participants, 2 (6%) participants (P6 and P26)
mentioned that the emojis were quite helpful in this regard as
they could properly categorize their mental state by using those
emojis. They were able to identify the conversations that had a
negative impact by looking at the emojis for sad and irritated
reactions. A couple of other participants (P2 and P4) also
explicitly recognized the importance of the emojis. Choosing
emojis after each phone call gave P4 a sense of excitement
similar to playing games on a mobile phone, which she viewed
positively.

Some of our participants reported how the app assisted them in
precisely identifying the reason for their mental stress. For
example, during the baseline interview, P11 said that the
final-year thesis had been his primary academic concern. By
using the app, he was able to understand that his supervisor had
been pushing him a lot for the thesis. After each phone call with
his supervisor, he was either tense or sad. At times, he felt
irritated after receiving several calls regarding the improvement
of the thesis document. Similarly, before using the app, P13
already knew that talking with his family members over the
phone had been stressful for him. After using the app for 3
weeks, he realized that things got worse when economic
problems were discussed during any conversation but at other
times, the conversations were not as stressful. Of the 35
participants, 7 (20%) participants (P3, P10, P18, P22, P28, P30,
and P35) specifically mentioned that the app helped them
pinpoint the exact cause of their mental stress.

One participant (P12) provided important feedback regarding
the textbox feature for writing additional comments. He thought
that the overall mood was not entirely dependent on the
conversation, as it got affected by other factors (eg, weather or
an upcoming exam). He particularly liked the option of having
a textbox to be able to record the potential reasons behind certain
emotions. In his opinion, the written comments were helpful to
better understand the contexts when he reviewed them later.

Impact on Mental Health Improvement
As the use of the app enabled our participants to better identify
the persons or events that had a negative impact on their mental
health, they could also take some measures for improvement.
About two-thirds (24/35, 69%) of our participants said that they
had tried to change the frequency of contacting those people
who were having a negative effect on their mental health:

The app helped me identify the people who were
causing stress. As I checked the call patterns, I tried
to understand why I was not feeling comfortable
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talking with them. What I did was – I tried to improve
my relationship with them. Some attempts succeeded,
while others did not. I have started avoiding those
persons with whom I could not develop a better
relationship. [P6]

Responses from P14 also revealed similar adjustments. By using
the app, he realized that he had been in touch with some friends
who were detrimental to his mental health as phone
conversations with them were making him sad. He reduced the
frequency of phone conversations with those people and reported
that he had already started feeling better. P29 was also able to
identify such people in his life. Apart from having fewer phone
conversations with them, he started changing his tone and
approach in physical meetings:

After I found out who those friends were, whenever I
met them I explicitly tried to show that I am not
interested in talking with them. I deliberately made
the conversations shorter and removed the friendly
approach from my tone. [P29]

However, our participants also mentioned that it is impossible
to avoid certain persons in academic or professional lives (eg,
supervisors and managers), and they had to pick up phone calls
from those persons or call them for important academic or
professional reasons. At times, they also had to pick up specific
calls for courtesy and modesty. Some participants mentioned
that the app had been helpful in these cases as based on previous
mood patterns recorded through the app; they were mentally
prepared for certain conversations to have a potential negative
impact on their mental condition:

In my office, I often need to contact many colleagues
and those conversations can’t be avoided. But now
the app has let me know that after some of those
conversations, I’ll not feel cheerful. As I know this
beforehand, the impact is less severe. [P5]

One participant (P1) said that the app helped him control his
temper. He talked about a particular relative who used to call
at inappropriate times for mundane conversations. As P1 felt
annoyed after receiving that relative’s call, he tried his best to
remain calm when talking with him. P1 also mentioned that the
app made him aware of his attitude toward a few other family
members as well. Another participant (P10) said that the app
offered him the opportunity to find a new support system within
his own family:

I have a large family with many sisters. As I am under
huge academic pressure, I cannot contact them as
frequently as I would like to. But after using the app,
I found that my stress relieves a lot when I share my
problems with my sisters. They give wonderful advice,
too. I have decided to communicate more frequently
with them. [P10]

The app also seemed to have a positive impact on the
relationship status of a participant (P13). Although P13 had a
stable and healthy relationship and used to share his problems
with his girlfriend even before using the app, he noted that the
app reinforced the same notion about the relationship, as he
often felt cheerful or calm after talking with her.

Discussion

Principal Findings

Social Determinants of Mental Health of Undergraduate
Students in Bangladesh
Our baseline interviews identified several factors that affect the
mental health of students in Bangladesh. Our findings
demonstrate some differences between Western countries and
Global South countries such as Bangladesh with regard to social
determinants of mental health of the young, college-going
population. Although some of the factors (eg, academic
performance [23-25,62] and economic conditions [28,63]) we
identified in our study have already been pointed out by previous
studies conducted in Western contexts, issues such as extended
family (in-laws) problems and religion have not been reported
before.

Female students who go for higher education need to overcome
the barriers created by the local society [64,65]. This situation
is even more difficult for married students. In a country where
>52% of children get married before reaching 18 years of age
[66,67], it is expected that a large number of undergraduate
students, especially females, would be married. We had 3
married students in our study, 2 of whom were female.
According to the local culture of Bangladesh, the bride moves
in with the groom’s family after marriage. New brides often
need to adjust to a different family and adapt to their culture
and rules. When discussing mental health, both of our female
married participants talked about their struggle to adapt
themselves to their husbands’ families. This struggle to adapt
with in-laws or extended families should be investigated in the
context of students from other countries in nearby regions (eg,
India and Pakistan), as underage marriage and discrimination
against women likely exist in those countries as well [2,68].

Religion has been an integral part of the social, political, and
economic environments of Bangladesh [34]. The state religion
of the country is Islam [69], and 90.3% of the total population
identifies themselves as Muslim [40]. Religious identity is a
significant factor behind happiness in Bangladesh [34]. This
view aligns with one of our participants’ stress behind the failure
to perform religious duties. Some other participants also briefly
mentioned that they performed regular prayers to seek mental
happiness.

Although economic conditions have been a factor discussed in
previous studies, the context of Bangladesh is somewhat
different. In the local society, a male is expected to support his
parents and, in some cases, the extended family. Therefore,
students at the undergraduate level, especially male students,
start worrying about their financial status. Families also start
sharing financial problems with them, indicating that the
students now need to contribute to their families. For example,
P11 and P13 felt stressed and frustrated when they failed to
send enough money to their homes. However, we did not get
such reports of stress over the family’s economic status from
any of our female participants.

Apart from traditional students, we also had 23% (8/35)
nontraditional students (female: 1/8, 13%; male: 7/8, 87%) in
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our study. Like regular students, they mentioned issues about
coursework and exams, but all of them pointed out other issues
as well. Of the 8 nontraditional students, 4 (50%) were married;
therefore, these participants mentioned their struggle to measure
up to their in-laws. Even the male married student (P5) talked
about how his inability to attend family functions made his
in-laws unhappy. Of the 35 participants, 5 (14%) male
participants (P1, P5, P25, P30, and P35) explained their job life
in detail and expressed that they found it very difficult to manage
a full-time job with academic life. Their conversations
(particularly that of P25) hinted that they were expected to do
a full-time job as they were getting old; however, at the same
time, they had to be serious about their academic coursework,
as not having a bachelor’s degree hindered their progress in job
life.

How the App Helps Identify One’s Own Social
Determinants
The most commonly appreciated theme regarding our app was
its ability to help users observe their mental states. In the
baseline interviews, many of our participants had rough ideas
about the main factors affecting their mental health; however,
using the app for 3 weeks helped them pinpoint the exact reason.
During this period, our participants constantly put their emotions
after each call. As our app provided visual analysis of call
history through graphs and pie charts, they could interpret those
in their own way. Our participants were able to notice which
calls evoked negative sentiments and acted accordingly. For
example, the app helped several participants identify that
academic supervisors or some specific family members were
the reason for their stress. Conversely, the app also helped them
identify the relationships that had a positive impact on their
mental health. One participant further discovered the temporal
aspect of mental health by using the app.

Similar to other reflective tools [41-43] with the option of
providing self-reported emotions, a benefit of our app was that
the participants could analyze their calls and moods in any way
they wanted. Looking at the graphs and charts, they could review
their moods over multiple days, or they had the option to analyze
their conversations with a single individual. Although the
participants mostly talked about identifying positive or negative
relationships in our study, we also had people who identified
other patterns of their mental states (eg, P2 felt more stressed
at night). P13 identified that talking with family only stressed
him when the conversation was about financial problems.
Overall, the flexibility that we provided to our participants
regarding the interpretation of their calls and emotions enabled
us to have a diverse set of insights into their mental state.

Although the app was used only by Bangladeshi students in our
study, apps such as these can be used in a universal context. In
our study, students could identify the factors causing a negative
impact on their mental health. These factors may be different
in the context of people from other cultures; however, everyone
can realize their own factors by using the app for a prolonged
period. Even in our study, the participants reported a range of
factors using the same app. We believe that this app can be
considered as a variant of a digital diary [70], which can act as
a support system for mental health [11]. However, we note that

the topic of using the textbox to describe the phone calls had
come up only once in our study.

Actions Taken by Users
After identifying some of the potential factors, the participants
in our study took some measures to improve their mental health.
These measures were not suggested or recommended by our
app; rather, they were taken by the participants on their own.
For example, 24 students reported that they changed the
frequency of contacting the people whom they found to have a
negative impact on their lives. Among these participants, some
tried adjusting their stressful relationships, whereas others
started avoiding interactions altogether. In cases where avoiding
a person was not a feasible option because of professional
reasons (eg, colleagues or supervisors), the app helped the
participants prepare themselves mentally for a potential negative
conversation.

It should also be noted that the app cannot address all the
cultural or social aspects of human life. For example, our mobile
app cannot directly assist female students regarding the
challenges they face in their day-to-day lives. Treating women
as inferior or violence against them are deeply rooted social
problems, and no mobile app can solve these issues immediately
[65]. Although our app can provide some information about the
underlying reasons in contexts such as this, it cannot go beyond
to fix those problems.

Limitations and Future Work
Our paper does not make any causal claims about the social
determinants of mental health (eg, we do not make claims that
marriage causes mental frustration to young women). We only
describe the findings of our interviews, and the factors we
reported may not be causally related to mental health. Other
hidden, unmeasured variables may play a role. However, we
believe our reported factors will pave the way for future work
that will dive deeply into investigating the underlying
mechanisms of mental health, particularly the ones that came
up for the first time in this study. We believe that follow-up
work can then inform the theories of the mechanism of mental
health. These theories can then be verified with actual field
experiments to quantitatively find causal relationships.

Although we included students from 7 universities that offer
different standards of education, future work should interact
with students from even more diverse backgrounds. Our
participants predominantly lived in 2 major cities, and students
from universities in semiurban or rural areas might face other
factors that have not been identified in this study. It would also
be interesting to observe how this different demographic group
struggles with the factors reported in this study and whether
their perceptions about using a mobile app to monitor mental
health would be any different.

Finally, there is a growing tendency among students to use
social media platforms, such as Facebook Messenger,
WhatsApp, or Emo, for having longer conversations. As the
internet has started reaching even the most remote parts of the
country [71], data plans and broadband internet are not as costly
as before, and calling over the internet is a much cheaper option
in many cases. Our participants also mentioned that they used
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several platforms to contact friends or family members. Future
studies can be designed on these internet platforms to monitor
the mental health of the young, college-going population of
Bangladesh in a more comprehensive way.

Conclusions
In this work, we aimed to progress the research toward
identifying the social determinants of mental health among
undergraduate students in Bangladesh. We designed and
deployed an Android app among our participants to help them
record and later reflect on the mobile phone conversations with
their friends, family members, and academic or professional
correspondences. Our app assisted the participants in pinpointing
the exact relationship or factor that had a detrimental effect on
their mental health. Although some of these factors have been

reported in previous studies conducted in the Western context,
we identified several new factors, including religion and
extended family affairs, which are pertinent to the society of
Bangladesh. Although our app does not provide any
recommendations from its side, some participants took
independent measures to improve their mental health. However,
in some cases (eg, extended family problems), despite
identifying the problem, participants could not find an
appropriate solution; however, they could better prepare
themselves to cope with that specific issue. Taken together, our
study provides useful perspectives on and insights into the
mental health of undergraduate students in Bangladesh, and we
hope our findings can help researchers design better solutions
to improve the mental health of the younger population from
this part of the world.
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Abstract

Background: Group-based formats typically used in low-resource substance use disorder (SUD) treatment settings result in
little individual attention to help reinforce and guide skill use, which may contribute to poor posttreatment outcomes. Smartphone
apps offer a convenient, user-friendly, and cost-effective tool that can extend the reach of effective SUD treatments. A smartphone
app was developed and integrated into a group-based, brief behavioral activation (BA) treatment for SUD to increase engagement
in treatment skills outside clinician-administered sessions.

Objective: This study aims to describe the features of the app and its use and integration into treatment, report the participants’
self-reported feasibility and acceptability of the app, and discuss challenges and provide recommendations for future smartphone
app integration into behavioral treatments for SUD.

Methods: A total of 56 individuals recruited from intensive outpatient SUD treatment received a smartphone-enhanced BA
treatment, the Life Enhancement Treatment for Substance Use. Self-reported weekly app use and reasons for nonuse were assessed
at posttreatment and at 1- and 3-month follow-ups. In addition, 2-tailed t tests and chi-square tests compared the self-reported
use of each app component and overall app use over time.

Results: Participant feedback suggested that the integration of the smartphone app into the Life Enhancement Treatment for
Substance Use was feasible and well accepted, and participants found the app useful for planning value-based activities outside
of sessions. Self-reported app engagement decreased over the follow-up period: 72% (39/54) of participants reported using the
app at posttreatment, decreasing to 69% (37/54) at the 1-month follow-up and 37% (20/54) at the 3-month follow-up. Participants
reported forgetting to use the app as a primary reason for nonuse.

Conclusions: This study provides support for the feasibility and acceptability of smartphone-enhanced BA treatment, offering
promise for future research testing the integration of technology into SUD treatment. Design decisions may help streamline
smartphone integration into treatment, for example, allowing participants to download the treatment app on their own phones or
use a low-cost study smartphone (or offering both options). Long-term app engagement may be increased via built-in reminders,
alerts, and in-app messages.

Trial Registration: ClinicalTrials.gov NCT02707887; https://clinicaltrials.gov/ct2/show/study/NCT02707887

(JMIR Form Res 2021;5(11):e25749)   doi:10.2196/25749
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Introduction

Background
Limited access to evidence-based substance use disorder (SUD)
treatment is a pervasive problem in the United States. Of the
20.3 million Americans who experienced an SUD in the past
year, only approximately 12% received treatment at a specialty
facility [1]. Treatment providers at these facilities often lack
extensive training in evidence-based interventions [2]. Most
SUD treatment is provided in a group-based format [3], in which
participants receive little individual attention, and group-based
peer support models such as 12-Step Facilitation are the primary
method of care at many treatment centers [2,4]. Ongoing
monitoring and aftercare for SUD treatment is rare [5,6],
although prolonged treatment engagement is associated with
better outcomes [7,8]. There is a clear need for evidence-based
treatments that prioritize ongoing engagement and are accessible
within low-resource SUD treatment settings (including treatment
being provided by practitioners without graduate-level training).

Behavioral Activation for Substance Use
The Life Enhancement Treatment for Substance Use (LETS
ACT) [9] was developed to address this need. LETS ACT is a
behavioral activation (BA) treatment, which aims to increase
substance-free environmental reinforcement through the
planning and execution of value-based activities. SUDs are
characterized by reward deficits and a loss of drug-free positive
reinforcement, resulting in decreased engagement in naturally
rewarding (ie, drug-free) activities [10]. BA targets this lack of
environmental reward by helping participants increase their
daily engagement in activities that are enjoyable and important
and thus provides opportunities for positive reinforcement. It
has shown efficacy when delivered by individuals without
professional training in psychotherapy [11], making it accessible
for implementation in low-resource SUD treatment settings.
LETS ACT, provided as a supplement to inpatient SUD
treatment, has demonstrated effectiveness in reducing depressive
symptoms [12] and rates of treatment dropout [13] as well as
increasing rates of abstinence and decreasing substance-related
consequences up to 1 year posttreatment [14].

Despite positive initial findings, there continues to be room to
improve posttreatment outcomes by increasing out-of-session
treatment engagement. Although significantly lower than a
contact-matched control condition, more than 50% of LETS
ACT participants reported using substances by 3 months
posttreatment [14]. There is little individual attention to help
reinforce and guide BA skills outside of the 6 group sessions.
Research suggests that homework compliance is predictive of
better treatment outcomes across psychotherapy modalities [15],
including in cognitive behavioral treatments such as BA [16,17].
Thus, bolstering out-of-session engagement could be one way
to improve posttreatment outcomes.

Smartphone-Enhanced Treatment
Integrating smartphones into therapy is a promising strategy
for increasing engagement outside group-based BA sessions.
Features such as built-in guidance, prompts, and reminders can
assist individuals in completing homework in a manner

compliant with treatment guidelines, for example, by reminding
participants to link planned activities to specific values. Users
of smartphone apps for addiction recovery frequently cite the
portability of apps as an advantage as well as their discreet
nature [18]. Participants in BA treatments for depression have
noted that smartphone-based treatments are more accessible to
their everyday lives [19], which is key given the importance of
daily activity planning in BA. Smartphone apps allow for quick
access to skills learned in therapy within naturalistic settings,
such as reviewing a plan for healthy coping behaviors in
contexts with a high risk of substance use. Smartphone apps
can also provide a cost-effective way of engaging patients [20],
which makes them promising for low-resource, group-based
SUD treatment settings.

Current research suggests that interventions involving
smartphone apps are feasible and well accepted among
individuals with SUDs. Research in SUD treatment samples
demonstrates high rates of smartphone ownership and use,
similar to the general population [21-23], and recent studies
have found high overall acceptability of mobile health
interventions for SUD [24]. Previous smartphone-based
interventions have demonstrated positive effects on
substance-related behavioral changes [24,25]. However, very
few stand-alone apps use evidence-based interventions such as
cognitive behavioral therapy [26], and research testing the
integration of smartphone technology into established SUD
treatments is lacking. Indeed, in a recent systematic review
examining smartphone-based treatments for psychiatric
diagnoses, only 2 of 27 studies identified by the review
examined SUD interventions [27]. Of these, only 1 assessed a
smartphone-enhanced treatment as opposed to a stand-alone
app-based intervention, finding that the smartphone-enhanced
treatment was associated with greater reductions in substance
use [28]. Thus, there is a clear need for research examining the
feasibility and utility of integrating smartphones into
evidence-based SUD treatment.

Study Objectives
This study reports feasibility data from a trial (NCT02707887)
testing the effectiveness of a smartphone-enhanced BA treatment
for SUD (smartphone-enhanced LETS ACT). The aims of the
study are to (1) describe the features of the app and its use and
integration into treatment, (2) report participants’ self-reported
feasibility and acceptability of the app, and (3) discuss
challenges and provide recommendations for future smartphone
app integration into behavioral treatments for SUD.

Methods

Development of the LETS ACT App
The LETS ACT app was designed to largely reflect the paper
treatment materials used in previous studies of LETS ACT, with
a number of added features to facilitate theory-driven treatment
engagement. In the development phase, the research team drew
from prior research and consultation with researchers and
clinicians with expertise in SUD treatment and the development
of technology to enhance behavioral interventions. The design
included app features intended to address some of the limitations
of paper materials (eg, providing in-app suggestions for
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improving homework compliance based on the user’s weekly
progress). Furthermore, the app was designed to collect daily
mood and substance use data. The final app was developed
through an iterative piloting process, which included testing a
web-based version before piloting the app with individuals in
inpatient SUD treatment.

Design of This Study
The data presented here come from a single-site, 3-arm trial
conducted at an intensive outpatient SUD treatment center in
Raleigh, North Carolina, comparing smartphone-enhanced BA
with standard BA and treatment as usual (TAU). The focus of
this analysis is to determine the feasibility and acceptability of
the smartphone-enhanced treatment condition before a future
report of the main outcomes of the parent trial. All participants
received TAU. A total of 65 participants were randomized to
smartphone-enhanced LETS ACT and attended at least one
session of treatment; of these, 56 attended a second session and
received a smartphone. Data for this study were collected at the
pretreatment assessment, posttreatment, and at 1- and 3-month
posttreatment follow-ups (FU1 and FU3). All study procedures
were approved by the institutional review board.

Sample and Recruitment
Patients at the outpatient facility were primarily low-income
individuals with a range of SUD diagnoses who voluntarily
enrolled in the treatment. Patients were recruited by the research
team weekly through announcements at the end of the TAU
treatment groups and by approaching individuals after these
groups were released. Interested individuals were assessed for
eligibility, provided informed consent, and completed the
pretreatment assessment. Randomization occurred at the group
level using a computerized urn randomization program, and
participants were blinded to the condition (ie, participants were
recruited in waves and were unaware of the 3 arms of the trial).
Study exclusion criteria were (1) age >65 or <18 years, (2) less
than fifth grade English reading level (ie, score <42 on the Wide
Range Achievement Test), (3) current impairment due to
psychotic symptoms, (4) completion of >6 weeks of TAU, and
(5) inability to give written informed consent to participate.
Following treatment, participants completed FU assessments

at the outpatient treatment facility or a public location with
adequate privacy (eg, public library).

Intervention

Smartphone-Enhanced LETS ACT
The smartphone app was developed as an adjunct to LETS ACT
[9]. LETS-ACT-SE is provided in small groups of 6 or fewer
participants twice weekly over 3 weeks (6 sessions total). Each
session begins with a discussion of the treatment rationale,
including describing the cycle of negative mood, urges, and
maladaptive behaviors (eg, substance use) and eliciting
participant examples of how this cycle is experienced.
Participants learn that the goal of treatment is to break this cycle
by engaging in healthy, rewarding behaviors. They are taught
that when an individual regularly engages in activities that
generate a sense of enjoyment or accomplishment (or both),
they are less likely to have urges to use substances or engage
in other maladaptive behaviors in response to difficult emotions.
Following the treatment rationale, participants record daily
activities and rate them on enjoyment and importance to identify
patterns of inactivation and opportunities to increase positive
reinforcement.

Next, emphasis shifts to an activity called Life Areas, Values,
and Activities (LAVA). LAVA involves identifying activities
associated with specific values and life areas (eg, education and
work, emotional health, hobbies and recreation, and
relationships). Participants are guided through the LAVA
activity by selecting a life area that is important to them (eg,
physical health), then identifying a value they hold related to
that life area by answering the question, “What is important to
me within this life area?” (eg, “It is important to me to increase
energy and strength”). Participants then generate specific,
measurable activities aligned with their values, with an emphasis
on balancing enjoyable and important activities (eg, “In order
to have energy and strength [value], I will walk in the park for
30 minutes [activity]”). Earlier sessions focus on tracking daily
activities and creating LAVA lists. Later sessions shift focus to
planning and implementing these activities in a daily plan
(Figure 1A), problem-solving challenges to adherence, and
posttreatment planning.
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Figure 1. Screenshots of the LETS ACT app. A: Daily Plan with completed activity; B: Life Areas, Values, and Activities; C: Activity prompt in Life
Areas, Values, and Activities feature; D: Plan Ahead; E: Rating enjoyment and importance; F: Weekly Progress; G: Help page; H: Mood ratings.

Participants are given home practice assignments after each
session, which include instructions for the continued use of each
component. For example, after the introduction of LAVA in
session 2, participants are asked to record at least one value and
activity for their chosen life areas. After the introduction of the
daily plan in session 3, participants are asked to plan and
complete at least one activity per day for the remainder of the
treatment. Participants are encouraged to continue planning and
completing activities after the completion of treatment using
their smartphones; however, they are not given any specific
assignments to complete during the FU period.

Participants in LETS ACT-SE were provided with Apple iPhone
6 smartphones with the LETS ACT app predownloaded during
the second treatment session. Phone plans were set up and paid
for by the research study; plans included unlimited calls and
text messages and 4 GB of wireless data per month. The intent
of this service was for participants to use their phone for regular
use, thus allowing the research team to assess the feasibility of
the app on a personal use device. This ensured that all
participants had consistent access to the LETS ACT app (which
was programmed specifically for the iPhone to limit

development costs) as well as to reliable internet access
throughout the study duration, allowing for ongoing data
collection. At this time, they were given a brief introduction to
the smartphones and LETS ACT app as well as a packet of
information about basic features of the phones and instructions
for use (eg, how to change settings). Participants absent in
session 2 were given the phone and instructions at the next
treatment session attended. Participants were introduced to each
app component during the sessions, with a quick therapist-led
tutorial followed by in-session practice. Participants were asked
to use the smartphone app to record their homework. They were
informed that the smartphones were theirs to use until their FU3
appointment, at which time they returned their phones to the
research team and received monetary compensation. Individuals
who lost their smartphone or forgot to bring it to treatment were
provided with equivalent paper forms.

Treatment as Usual
All study participants were enrolled in a substance use disorder
intensive outpatient program, in which treatment is based on
the matrix model of intensive outpatient treatment [29]. The
program included group therapy (average of 8-10 patients per
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group) for 3 hours per day, 3 days per week for 12 weeks, as
well as weekly individual appointments with a case manager
and up to 2 optional individual counseling sessions per week.
Although group sessions do not have a set curriculum, they
typically include individual check-ins, psychoeducation (eg,
related to relapse prevention), and time to verbally process and
share. Urine drug testing is implemented throughout the
treatment, and positive drug tests are openly discussed within
group sessions. Continued use of substances (aside from
nicotine) is grounds for dismissal from the program.

App Design and Components
Key components of the LETS ACT app include the LAVA
library, Plan Ahead or Daily Plan, Weekly Progress, and
Emergency button, accessible via icons on the home screen of
the app (this is also the Plan Ahead screen; Figure 1A).
Additional features include a Help page and a data collection
mechanism for mood and substance use tracking.

Life Areas, Values, and Activities
The LAVA feature (Figure 1B) guides the user through the 3
steps of selecting value-based activities (described previously),
reflecting the way the LAVA activity is taught during treatment.
This was designed to increase the likelihood that the selected
activities were value based. After selecting the LAVA icon, the
user is presented with a list of life areas and an option to add a
new life area. By tapping on a life area, the user is prompted to
add a new value. Once complete, the value is listed in orange
underneath the associated life area on the LAVA screen, and
the participant can add activities by selecting the value (Figure
1C). Users can enter multiple values within each life area and
perform multiple activities under each value.

Plan Ahead and Daily Plan
Planning value-based activities is central to the LETS ACT
treatment, and the app includes 2 features that assist with this.
The Plan Ahead feature (Figure 1D) allows the user to schedule
value-based activities for specific days and times. By tapping
a plus sign, the user is brought to the list of life areas, where
they can either select an activity previously entered in the LAVA
feature or enter a new activity (ie, by first selecting a life area,
then entering a value and corresponding activity). Once an
activity is selected, the user is prompted to rate the activity on
enjoyment and importance (Figure 1E). Finally, the user can
select a specific date and time to complete the activity, with the
option of repeating the activity daily and/or weekly. The activity
is entered into the user’s daily plan (Figure 1A), and upcoming
planned activities are listed by date on the Plan Ahead screen
(Figure 1D).

The Daily Plan feature is the home screen of the app (Figure
1A). Activities planned for the coming week are listed by day,
and users can mark activities complete by checking a box at or

after the assigned completion time (until midnight on the same
day). Activities not marked complete by midnight are recorded
as incomplete and removed from the Plan Ahead and Daily Plan
screens.

Weekly Progress
On the home screen, an option in the top right corner allows
the user to view their weekly progress, that is, the percentage
of planned activities completed in the previous week (Figure
1F). An overall percentage is displayed at the top of the screen
and the percentages for each day of the week underneath. In
addition, this screen displays feedback and suggestions based
on the user’s progress. The Daily Plan screen also features a
Today Progress bar that fills in with orange based on the
percentage of completed activities for the current day and turns
green when 100% of activities have been completed (Figure
1A).

Emergency Button for High-risk Situations
The Emergency button appears as a red siren at the top left of
the Daily Plan screen (Figure 1A) and allows the user to create
a list of emergency activities or healthy coping behaviors they
can use while experiencing difficult emotions and/or urges to
use substances. The emergency screen lists the user’s emergency
activities, which can be quickly added to the daily plan by
selecting an activity title. Once selected, activities are marked
complete at that specific date and time.

Help Icon
The Help icon brings the user to a page (Figure 1G) with a list
of frequently asked questions and their answers, including
information about the primary treatment components (eg, “What
is a Value?”) and instructions for using the app features (eg,
“How can I schedule an activity into Plan Ahead?”).

Research Functions
On opening the app for the first time each day, the user is
prompted to rate their current mood (Figure 1H) and report any
substance use (except for nicotine) since they last opened the
app.

Measures and Outcome Variables
A questionnaire administered at pretreatment assessed
smartphone ownership, use, and likelihood of using a
smartphone for a research study. In addition, Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
diagnoses for mood, anxiety, and SUD were assessed at
pretreatment using the Mini-International Neuropsychiatric
Interview [30]. Sociodemographic information (including age
and education level) was assessed at all time points. Detailed
information about the measures and outcome variables related
to self-reported app use and app component feedback is provided
in Table 1 and described below.
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Table 1. Measures and outcome variables.

Time pointsScale or possible value rangeVariable descriptionConstruct

PTc0-7 daysMultiple (all past week):

1. # days created new life areas, values, and activities using

the LAVAb library

2. # days scheduled ≥1 activity into daily plan using Plan
Ahead

3. # days used the Emergency Button ≥1 time

4. # days viewed Weekly Progress

5. # days viewed Help icon

Past-week use of app compo-

nentsa

FU1d and

FU3e

0-7 daysMultiple (all past month):

1. Average # days/week entered life areas, values, and ac-
tivities using LAVA icon

2. Average # days/week used Daily Plan icon

3. Average # activities planned >1 week in advance using
Plan Ahead icon

4. Average # days/week used Emergency button

5. Average # days/week viewed Weekly Progress

6. Average # days/week viewed Help page

Average weekly use of app

components in past montha

PT, FU1,
FU3

Yes or noWhether participant reported using any (ie, one or more)
app component at least 1 day per week since the previous
assessment

Any app usea

PTScale of 1 (strongly disagree) to 5
(strongly agree)

Degree to which participant agrees each component was a
useful part of treatment:

1. LAVA library

2. Plan Ahead

3. Emergency

4. Weekly Progress

5. Help

App component usefulnessf

PTCan select all that apply from a list of
reasons, select other, or indicate that it
does not apply because the participant
did use that component

Reasons for not using:

LAVA library

Plan Ahead

Emergency

Weekly Progress

Help

Reasons for not using specific

app componentsf

PTCan select all that apply from a list of
reasons, select other, or indicate that it
does not apply because the participant
did use the app at least three times per
week

Reasons for not using the app at least 3 times a weekReasons for low weekly app

usef

aDescribed under Self-reported Use of App Components section.
bLAVA: Life Areas, Values, and Activities.
cPT: posttreatment.
dFU1: 1-month follow-up.
eFU2: 3-month follow-up.
fDescribed under App Component Usefulness and Reasons for Not Using section.

Self-reported Use of App Components
A questionnaire administered at posttreatment assessed
participants’self-reported app engagement during the past week.
Participants indicated the number of days in the past week that
they used each treatment component outside of the treatment
sessions. At FU assessments (ie, FU1 and FU3), participants
were given a similar questionnaire that assessed engagement

with the app components during the past month. This included
the average number of days per week that the participant used
each component of the LETS ACT app and details about their
use (eg, the number of activities scheduled and completed and
the number of days per week with at least one scheduled activity;
Table 1). A dichotomous variable representing any app use at
each time point was calculated, such that participants were coded
as having used the app at each time point if they reported using
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one or more app components on 1 or more days per week since
the previous assessment.

App Component Usefulness and Reasons for Not Using
A questionnaire administered at posttreatment assessed
participant feedback about the treatment and its components
(Table 1). For each component, participants rated the degree to
which they agreed that the component was a useful part of the
treatment on a scale of 1 (strongly disagree) to 5 (strongly
agree). The measure also included questions assessing the
reasons for not using each component. Participants could choose
any applicable reasons from a list (eg, did not remember to use
the feature, did not think it would be helpful, and difficult to
understand how to use it), record their own reason under other,
or indicate that the question did not apply to them because they
did use that component. An additional question inquired as to
any reasons participants did not use the app at least three times
per week. Similarly, participants could select from a list of
reasons, select other, or indicate that it did not apply because
they did use the app at least three times per week. Finally, the
questionnaire included an open-ended question eliciting
feedback about the smartphone-enhanced treatment overall,
including the degree to which it was useful and any suggestions
for improvement.

Statistical Analyses
Data were analyzed using SPSS (version 25.0, IBM Corp). First,
descriptive statistics were calculated for all variables used in
subsequent statistical analyses. This included means, SDs, and
ranges for continuous variables and percentages for all
categorical variables. To examine the feasibility and
acceptability of the LETS ACT app, summary statistics (eg,
mean, median, and SD) were calculated to characterize
participant ratings regarding the usefulness of each app
component, as well as self-reported engagement with each
component (ie, past-week use of app components at
posttreatment and average weekly use of app components in
the past month at FU1 and FU3). Chi-square tests were used to
examine differences in the proportions of participants who
reported any app use at each time point. Two-tailed
paired-sample t tests were used to examine the differences in
the mean ratings for app usefulness across components. The
reasons for not using each app component and reasons for low
weekly use of the app were also summarized.

Results

Sample Characteristics
Of the 56 participants who received a smartphone, 21 (38%)
were women. Overall, 61% (34/56) of participants were White
and 38% (21/56) were Black. The average age was 42.4 (SD
10.5; range 24-62) years, and the participants had an average
of 12.1 (SD 3.0; range 1-21) years of education. In terms of
substance use, participants reported an average of 3.8 (SD 6.9;
range 0-30) days of substance use in the past 30 days at
pretreatment. For DSM-5 SUDs, 73% (41/56) of participants
met the criteria for alcohol use disorder, 59% (33/56) met the
criteria for cocaine use disorder, 45% (25/56) met the criteria
for opioid use disorder, and 30% (17/56) met the criteria for

cannabis use disorder. Regarding psychiatric comorbidity at
pretreatment, 11% (6/56) of participants met the DSM-5 criteria
for a current major depressive episode, and the average score
on the Beck Depression Inventory at pretreatment was 12 (SD
11.3; range 0-51), reflecting minimal depressive symptoms. A
total of 29% (16/56) of participants met the criteria for at least
one DSM-5 anxiety disorder, including 18% (10/56) for social
anxiety disorder, 11% (6/56) for agoraphobia and generalized
anxiety disorder, 9% (5/56) for panic disorder, and 7% (4/56)
for obsessive-compulsive disorder. Furthermore, 11% (6/56)
met the criteria for bipolar I disorder, and 9% (5/56) met the
criteria for posttraumatic stress disorder.

Smartphone Interruptions
Of the 56 participants who received a smartphone, 54 (96%)
were retained in the study through the 3-month FU assessment.
One participant withdrew from the study at posttreatment
because of having a busy work schedule, and a second died (of
non–study-related causes) between the posttreatment and
1-month FU assessments. Overall, 27% (15/56) of participants
reported at least one interruption in their ability to use their
smartphone during or after treatment up to the 3-month FU,
including phone lost or stolen (n=8), inability to access phones
due to incarceration (n=3), and other issues (eg, technical issues
with the phone; n=4).

Smartphone Ownership and Use at Pretreatment
Among participants who received a smartphone, pretreatment
data from those who reported their current smartphone
ownership (n=38) indicated that 79% (30/38) owned a
smartphone they could use daily. In total, 14% (5/37) reported
that they owned an iPhone, whereas 62% (23/37) reported
having an Android phone (9/37, 24%, either provided an invalid
response or reported that they did not know what type of phone
they owned; the remaining participant had missing data).
Overall, 76% (29/38) of participants reported that they used the
internet and apps on their phones. Participants were asked how
likely they would be to use a smartphone if one was provided
for treatment on a scale of 1 (“I would never use it”) to 10 (“I
would definitely use it”); the average rating was 8.42 (SD 2.82).

Self-reported App Engagement
Self-reported app use data were obtained at posttreatment and
FU assessments for 96% (54/56) of participants. Of these, 72%
(39/54) reported any app use at posttreatment, 69% (37/54)
reported any app use at FU1, and 37% (20/54) reported any app
use at FU3. Chi-square tests indicated that the proportion of
participants reporting any app use at posttreatment was
significantly greater than the proportion reporting app use at

FU3 (χ2
2≥20.3; P<.001); significant decreases were also

identified between FU1 and FU3 (χ2
2≥11.5; P=.001).

Considering only those participants who reported app use at
each time point, 54% (21/39) reported using the app at least
three times per week at posttreatment. Of those who used the
app fewer than 3 times per week, common reasons included
forgetting (10/18, 56%) and that it was difficult to use (4/18,
22%). Participants with any app use at posttreatment reported
using the LAVA library, Plan Ahead, and Weekly Progress
features an average of 4.18 (SD 2.19), 4.26 (SD 2.19), and 3.92
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(SD 2.37) days per week, respectively; by the 3-month FU
(FU3), participants reported using these features 3.31 (SD 2.57),
3.89 (SD 2.68), and 3.31 (SD 2.73) days per week on average
(Figure 2). The Emergency button was used 1.05 (SD 1.88) and

0.81 (SD 1.80) days per week at posttreatment and FU3,
respectively, and the Help page was used 1.44 (SD 1.98) and
0.94 (SD 1.98) days per week at posttreatment and FU3,
respectively.

Figure 2. Weekly app use by component. FU: follow-up; LAVA: Life Areas, Values, and Activities; PT: posttreatment.

App Component Usefulness
For each app component, participants rated their agreement with
the statement that the app component was a useful part of
treatment on a scale of 1 (strongly disagree) to 5 (strongly
agree). The average ratings across all app components indicated
that participants generally agreed that each component was
useful (LAVA library: mean 4.39, SD 0.72; Plan Ahead: mean
4.33, SD 0.63; Emergency button: mean 3.97, SD 1.00; Weekly
Progress: mean 4.22, SD 0.89; Help icon mean: 3.94, SD 0.87).
Two-tailed paired t tests comparing usefulness ratings between
components indicated that ratings for the LAVA library were
significantly higher on average than the Emergency button
(t40=2.56, SE 0.13; P=.01) and Help Page (t40=3.59, SE 0.87;
P=.001), and ratings for the Plan Ahead feature were
significantly higher than the Help Page (t39=2.69, SE 0.76;
P=.01).

Participants were also asked to provide open-ended feedback
about the smartphone-enhanced treatment, including suggestions
for improvement. Of the 51 qualitative responses, 73% (37)
expressed purely positive feedback. Written comments cited
the usefulness of the treatment and highlighted the novelty of
the smartphone-enhanced intervention and its utility in
facilitating activity planning, helping participants to “be

consistent”, and supporting their recovery. Positive comments
included, “It was a good way to get me thinking about how my
activities affect my emotions,” “[The app] keeps me on track
to be more consistent on a daily basis with responsibilities,”
and “It gave me more recovery tools to work with.” Suggestions
for improvement included increasing overall ease of use, “more
scheduling options” for activities, and providing a smartphone
for use after the study FU period.

Reasons for Not Using App Components
Across all components except for the Help page, forgetting to
use the app component was by far the most frequently endorsed
reason for lack of use (activity scheduling: 19/56, 34%; LAVA:
10/56, 18%; Emergency: 9/56, 16%; and Weekly Progress:
10/56, 18%), whereas not having the smartphone when the
participant needed to use the app was generally the second-most
endorsed (activity scheduling: 5/56, 9%; LAVA: 6/56, 11%;
Emergency: 5/56, 9%; and Weekly Progress: 5/56, 9%). For
the Help page, the most frequently endorsed reason was lack
of need for the feature (19/56, 34%), whereas forgetting and
not having a smartphone were the second-most endorsed reasons
(3/56 each, 5%). To provide an example of the distribution of
responses for 1 main component, Table 2 shows the reasons
endorsed by participants for not scheduling activities.
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Table 2. Reasons for not scheduling activities (n=56).

Frequency, n (%)If there were days when you did NOT have an activity scheduled, it was because: (check all that apply)

18 (32)This does not apply to me because I scheduled an activity on most days.

19 (34)I did not remember to use the Daily Plan.

5 (9)I did not have the smartphone with me when I needed to fill it out.

3 (5)Filling it out took too much time or effort.

3 (5)I had technical difficulties with the smartphone.

1 (2)I did not think it would be helpful to me or my treatment goals.

1 (2)Filling it out made me uncomfortable.

2 (4)It was difficult to understand how to use it.

6 (11)Other

1 (2)Lost or do not have phone

2 (4)Incarcerated or hospitalized

3 (5)Other or undisclosed

13 (23)Missing or no response

Discussion

Self-reported App Use
With regard to self-reported app use, the majority (37/54, 69%)
of participants reported continuing to use their LETS ACT app
until 1 month posttreatment, but this proportion decreased
significantly (to 20/54, 37%) by 3 months posttreatment.
Research suggests that it is typical for mobile app use to quickly
drop off. Indeed, many app users use an app only once; on
average, user retention is 42% after 1 month and 27% after 3
months [31]. It appears, then, that the LETS ACT app follows
a similar rate of decline in use to apps more broadly, although
the level of retention was higher than average at both 1 and 3
months posttreatment. This level of attrition and lower continual
engagement follows typical patterns of app use in mobile health
interventions for SUD [32,33].

Regarding specific app components, participants generally
agreed that each app component was a useful part of their
treatment. The LAVA library and Plan Ahead feature, which
were both essential to the core homework of activity planning,
were the most used components and were also rated as more
useful compared with features such as the Emergency button
and Help page.

Challenges and Recommendations Regarding
Integration of Smartphone Technology
In this study, when participants did not use their apps or the
individual app components, they generally reported that this
was because of either forgetting or not having the smartphone
with them. Both reasons for nonuse may reflect the drawbacks
of giving participants a study smartphone rather than
downloading the app on their own phones. This highlights a
critical decision in smartphone-enhanced intervention research,
that is, whether to provide smartphones for each participant to
ensure consistent phone access or to offer an app that
participants can download on their own phones to prioritize
utility, ease of use, and generalizability. Research suggests that

low-income people who use drugs have high rates of smartphone
ownership, but that they tend to cycle through smartphones and
have inconsistent access to wireless data [23], which presents
a challenge for assessing the effectiveness of a
smartphone-enhanced intervention. This study opted to provide
smartphones to participants but found that participants often
forgot to use them, which may be in part because they were not
using the study phone as their primary phone. Giving
participants the option to either download the app on their own
phone or use a study smartphone may ultimately be ideal,
although it requires additional resources (ie, developing app
versions for both Android and iOS smartphones).

Forgetting to use the app was very common, so future studies
examining the integration of smartphone apps into treatment
may consider a range of strategies to mitigate this. This could
include adding app features that target engagement. For
example, reminders in the form of push notifications have been
shown to significantly increase app use in smartphone
interventions [34,35]. In-app direct messaging may also have
the potential to increase engagement, as it provides a means for
patients to communicate directly with treatment providers. As
an additional strategy, therapists in smartphone-enhanced
interventions could use time during treatment sessions to
specifically target out-of-session app engagement with the
ultimate goal of increasing homework compliance. For example,
therapists could help participants make a plan to open their
treatment apps at a regular time each day and to link this
behavior to other daily activities (eg, “when I get out of bed
each morning, I will open my app to see what activities I have
planned for the day”).

Participants reporting that they did not have their smartphones
with them when needed may reflect challenges inherent to
maintaining treatment engagement among low-income people
with SUD, many of whom experience significant instability in
their daily lives. Some participants were incarcerated during
the FU period, whereas others had smartphones that were lost
or stolen; still others reported in informal conversations with
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research staff that they were nervous about losing their
smartphones and chose to store them in a safe place, making
them inconvenient to use regularly. Future studies with this
population may wish to purchase low-cost smartphones
(typically Android devices), which would increase the feasibility
of offering replacement devices when needed. Given that this
study found that most participants owned Android devices (vs
iPhones [Apple Inc]) at pretreatment, they may have the benefit
of being familiar to participants in addition to being more
affordable.

The results of this study must be interpreted in the context of
its limitations. Reliance on self-reported measures of app
engagement may be associated with recall bias. In addition, the
study sample was recruited from an intensive outpatient
treatment center serving a primarily low-income, high
school–educated clientele, and participation in the current
intervention was offered in addition to standard treatment; the
results may not be generalizable to other populations or
treatment settings.

Conclusions
There is a clear need for evidence-based SUD treatments that
can be delivered at a low cost, and it is essential to find new

and effective ways to engage participants in these treatments.
Despite notable growth in the area of app-based psychological
interventions, very little research has examined the impact of
introducing smartphones into in-person therapy, especially in
the area of SUD treatment. This study found evidence that
integrating a smartphone app into a BA treatment for SUD is
feasible and well accepted and that participants found the app
useful for planning value-based activities, which is the core task
of BA. However, the study also found that engagement with
the app decreased over the FU period and that participants
frequently reported forgetting to use the app, highlighting the
need for further efforts to sustain out-of-session engagement
over time. These findings must be interpreted in light of the
specific study methods (eg, the provision of study smartphones
to all participants); future research is needed to examine
differences in app use when allowing participants to download
treatment apps on their own smartphones. Studies are also
needed to examine specific treatment contexts and participant
characteristics that may be associated with receiving more
benefit from smartphone-enhanced interventions.
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Abstract

Background: Despite optimal medical and surgical intervention, freezing of gait commonly occurs in people with Parkinson
disease. Action observation via video self-modeling, combined with physical practice, has potential as a noninvasive intervention
to reduce freezing of gait.

Objective: The aim of this study is to determine the feasibility and acceptability of a home-based, personalized video self-modeling
intervention delivered via a virtual reality head-mounted display (HMD) to reduce freezing of gait in people with Parkinson
disease. The secondary aim is to investigate the potential effect of this intervention on freezing of gait, mobility, and anxiety.

Methods: The study was a single-group pre-post mixed methods pilot trial for which 10 participants with Parkinson disease
and freezing of gait were recruited. A physiotherapist assessed the participants in their homes to identify person-specific triggers
of freezing and developed individualized movement strategies to overcome freezing of gait. 180° videos of the participants
successfully performing their movement strategies were created. Participants watched their videos using a virtual reality HMD,
followed by physical practice of their strategies in their own homes over a 6-week intervention period. The primary outcome
measures included the feasibility and acceptability of the intervention. Secondary outcome measures included freezing of gait
physical tests and questionnaires, including the Timed Up and Go Test, 10-meter walk test, Goal Attainment Scale, and Parkinson
Anxiety Scale.

Results: The recruitment rate was 24% (10/42), and the retention rate was 90% (9/10). Adherence to the intervention was high,
with participants completing a mean of 84% (SD 49%) for the prescribed video viewing and a mean of 100% (SD 56%) for the
prescribed physical practice. One participant used the virtual reality HMD for 1 week and completed the rest of the intervention
using a flat-screen device because of a gradual worsening of his motion sickness. No other adverse events occurred during the
intervention or assessment. Most of the participants found using the HMD to view their videos interesting and enjoyable and
would choose to use this intervention to manage their freezing of gait in the future. Five themes were constructed from the
interview data: reflections when seeing myself, my experience of using the virtual reality system, the role of the virtual reality
system in supporting my learning, developing a deeper understanding of how to manage my freezing of gait, and the impact of
the intervention on my daily activities. Overall, there were minimal changes to the freezing of gait, mobility, or anxiety measures
from baseline to postintervention, although there was substantial variability between participants. The intervention showed
potential in reducing anxiety in participants with high levels of anxiety.
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Conclusions: Video self-modeling using an immersive virtual reality HMD plus physical practice of personalized movement
strategies is a feasible and acceptable method of addressing freezing of gait in people with Parkinson disease.

(JMIR Form Res 2021;5(11):e28315)   doi:10.2196/28315

KEYWORDS

Parkinson disease; freezing of gait; action observation; video self-modelling; virtual reality

Introduction

Background
Parkinson disease is a progressive neurological condition that
affects approximately 6 million people worldwide [1]. People
with Parkinson disease can present with a variety of motor
impairments such as tremor, slow movements, gait, and balance
disorders, as well as nonmotor impairments such as reduced
cognition, depression, anxiety, and sleep disorders [2]. Freezing
of gait, defined as a brief, episodic, absence or marked reduction
of forward progression of the feet despite the intention to walk,
is a complex phenomenon that may also be present in people
with Parkinson disease [3,4]. People with freezing of gait often
describe their feet as being glued to the ground, which can lead
to reduced mobility, falls, poor quality of life, and increased
health care costs [4-8].

The pathophysiology underlying freezing of gait remains poorly
understood, although it is suggested to result from dysfunction
in neural networks across motor, affective, and cognitive
domains [9-12]. People with freezing of gait are more likely to
exhibit decreased gait automaticity and increased gait variability
[13], as well as motor fluctuations and dyskinesia [14].
Furthermore, cognitive deficits and anxiety also appear to be
more pronounced in people with freezing of gait than without
[14-17]. Freezing of gait is also more frequent and severe in
conditions of high levels of anxiety compared with low levels
[18].

First-line treatments for freezing of gait consist predominantly
of pharmacological interventions to maintain a good on state
[4]. However, freezing of gait can persist despite these regimes.
Nonpharmacological interventions are often used in conjunction
with pharmacological interventions, with the most common
being physiotherapy. Although several reviews have shown that
these nonpharmacological interventions are effective, their
results have been modest [19-23]. This might be because of the
heterogeneity of the interventions, small study sample sizes,
and limitations of relying on self-report to assess freezing of
gait [21,24].

A recent systematic review performed subgroup analyses to
determine which types of physiotherapy interventions may be
the most useful in managing freezing of gait. The results showed
that action observation training had a statistically significant
effect on reducing freezing of gait [21]. In the 4 action
observation studies, participants with freezing of gait watched
videos of actors perform movement strategies designed to
overcome freezing, followed by physical practice of these
strategies under the supervision of a physiotherapist [25-28].
Observation of actions performed by others is understood to
activate neural structures in the brain that execute the same

actions, thus facilitating motor learning and performance [29].
This is then further reinforced by physical practice.

Although the results from these action observation studies were
positive, the strength of this evidence was weak, and its clinical
significance was unclear. This was because of the small number
of moderate-quality studies included in the meta-analysis and
the use of the New Freezing of Gait Questionnaire (NFOG-Q)
[30] as the outcome, as this questionnaire was previously shown
to be insufficiently responsive to detect small changes in
freezing severity [24] and may not be a good indicator of the
real symptom burden [31]. Furthermore, the implementation of
action observation as an intervention for freezing of gait was
limited in the following ways: (1) participants watched actors
without Parkinson disease perform movement strategies, which
might not be an accurate reflection of motor performance by
people with Parkinson disease; (2) videos demonstrated
generalized strategies that might not be relevant or appropriate
for the individual; (3) videos showed the use of movement
strategies to overcome freezing of gait in clinical settings, which
might reduce ecological validity as patients typically present
with freezing of gait at home [32]; and (4) participants watching
videos on flat-screen devices could be vulnerable to distractions
in their immediate environment, which might impact motor
learning.

Video self-modeling, a form of observational learning that
requires the observer to watch and learn from one’s own positive
behavior, may be useful for people with Parkinson disease [33].
The activation of neural structures previously described is
maximized when the observed actions are familiar to the
observer and comprise movement that the observer is able to
perform [29]. Therefore, we hypothesized that the use of video
self-modeling would provide salient cues to improve motor
learning and performance, as well as promote self-efficacy by
strengthening beliefs in one’s ability to overcome freezing of
gait [34]. People with freezing of gait may benefit further if
they observe themselves using personalized strategies that
address their specific motor, affective, and cognitive triggers
of freezing. In addition, videos of situations at home that
provoke freezing of gait (and strategies to successfully overcome
freezing) may be of greater relevance. Furthermore, the use of
a virtual reality head-mounted display (HMD) removes
distractors in the environment, directing full attention to viewing
videos.

Objective
Therefore, the aim of this study is to investigate the feasibility
and acceptability of a home-based, personalized video
self-modeling intervention delivered via a virtual reality HMD
to reduce freezing of gait in people with Parkinson disease. The

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28315 | p.84https://formative.jmir.org/2021/11/e28315
(page number not for citation purposes)

Goh et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/28315
http://www.w3.org/Style/XSL
http://www.renderx.com/


secondary aim is to investigate the potential effect of this
intervention on freezing of gait, mobility, and anxiety.

Methods

Design
A single-group pre-post mixed methods pilot trial was conducted
from April 2019 to April 2020. Ethics approval was obtained
from the University of Sydney Human Research Ethics
Committee (project number 2018/893), and written informed
consent was obtained from all participants. The trial was
registered with the Australian New Zealand Clinical Trials
Registry (ANZCTR12619000139178).

Participants
A total of 10 participants were recruited from existing databases
of people with Parkinson disease at the University of Sydney
and from Parkinson’s New South Wales support groups. The
following inclusion criteria were used: (1) diagnosis of
idiopathic Parkinson disease, (2) presence of freezing of gait
(defined as having a score of ≥1 on question 2 and score of ≥2
on question 4 of the NFOG-Q), (3) stable dopaminergic

medication regime for at least 4 weeks before commencing the
study, (4) ability to walk independently with or without a
walking aid, and (5) living in the greater Sydney metropolitan
area. Participants were excluded if they had (1) any medical
conditions that would interfere with the study safety and
conduct, such as unstable cardiovascular disease and
neurological conditions other than Parkinson disease; (2)
cognitive impairment defined as having a score of <24 on the
Mini Mental State Examination [35]; (3) newly commenced
deep brain stimulation or changes in stimulation parameters
within 6 months before participating in the study; and (4)
significant head tremor or motion sickness limiting the ability
to use a virtual reality HMD.

Intervention
The intervention protocol (including printed information and
instructions to the participants) is described in detail in
Multimedia Appendix 1 [23,25,36-38] and illustrated in Figure
1. In brief, a physiotherapist (LG) delivered 6-8 home visits
over 6 weeks, with each visit lasting approximately 60 minutes.
The interventions were delivered, and practice was completed
when participants were in their on phase, that is, when their
medications were working optimally.

Figure 1. Example of the intervention. CFOG-Q: Characterizing Freezing of Gait Questionnaire; HMD: head-mounted display; NFOG-Q: New Freezing
of Gait Questionnaire.
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Before the first home visit, the physiotherapist reviewed the
participants’ medical history, including disease and freezing of
gait severity (NFOG-Q), mobility status, and the circumstances
of any falls. The physiotherapist also evaluated the baseline
results of participants’ Characterizing Freezing of Gait
Questionnaire (CFOG-Q) to determine their personal motor,
cognitive, emotional, and environmental triggers of freezing of
gait, as well as any strategies previously used to overcome
freezing [36].

During the first home visit, participants identified a situation at
home, where freezing of gait was troubling. Examples of
situations included turning around in tight spaces and walking
through doorways while performing an additional motor task.
The physiotherapist assessed the participants’ performance in
this situation and worked with participants to develop a suitable
personalized strategy to help them overcome their freezing.
Examples of strategies included stepping in time to the beats
of an external rhythmic auditory cuing device, such as a
metronome typically set at lower than usual cadence;
self-initiated movement strategies, such as counting, shifting
weight from side to side, and/or simplifying complex tasks; and
progressing by increasing the complexity of tasks where
appropriate.

Once a situation was identified and a strategy developed and
practiced by the participants, a 3D camera (Mirage, Lenovo)
was used to produce 180° videos showing the participants using
their personalized strategy to successfully overcome freezing
of gait in the situation identified. The videos were edited to
show the participants’successful performance 3 times and lasted
2-5 minutes. The videos were created to be compatible with a
virtual reality HMD (Oculus Go, Facebook Technologies).
Participants were instructed on the use of the HMD and asked
to watch their personal video using the HMD while seated twice
a day, 5 days per week for 6 weeks. After one of the 2 daily
video viewings, participants performed the physical practice of
their strategy, as shown in their video for 10 minutes.
Participants were also provided with a printed guide on how to
use and navigate the virtual reality system.

The physiotherapist monitored participants’ progress during
home visits. Once participants were able to consistently use
their strategy to overcome freezing of gait in the first situation,
a second situation was identified, and a second strategy was
developed. A second video was created for each participant.
This second video involved the participant performing the same
task in a different environment, the same task with increased
complexity, or a different task altogether. Strategies used to
overcome freezing of gait were adjusted as appropriate
depending on the situation, the person-specific freezing of gait
triggers, and preferences. Participants were then asked to watch
their second video and perform its associated physical practice
4 times a week, and the first video and its associated physical
practice once a week. If participants continued to make further
progress, a third situation was introduced, and this process
continued for the duration of the intervention period. The
introduction of additional videos was determined by the
physiotherapist and was based on clinical judgment and
participants’ self-assessment of their progress.

Outcome Measures
The primary outcome measures assessed the feasibility and
acceptability of the intervention. Measures of feasibility included
recruitment rate, retention rate, and adherence to the intervention
(by recording the number of daily video viewings and physical
practice) using self-report logbooks and adverse events
associated with the intervention. Measures of acceptability
included a modified Players Experience of Need Satisfaction
(PENS) Questionnaire [39] and a semistructured interview at
postintervention. In the modified PENS Questionnaire
(Multimedia Appendix 2 [39]), participants were asked to reflect
on their experience of using the virtual reality system, which
comprised the HMD, the handheld control, and the experience
of navigating and viewing the videos. Participants rated their
interest or enjoyment, sense of presence or immersion,
competence, and intuitiveness of the controls and rated 2
additional items that were added to the PENS. These were the
presence of motion sickness and whether they would use the
virtual reality system for the management of their freezing of
gait in the future if it was available. The questionnaire included
18 questions across the categories listed above, with each
question scored on a 7-point Likert scale, where 1=strongly
disagree and 7=strongly agree (higher score is better). In the
interviews, participants were asked to describe their experiences
of the intervention, including both video viewing and physical
practice (Multimedia Appendix 3).

Secondary outcome measures were collected to assess any
potential effects of the intervention on freezing of gait, mobility,
and anxiety. These measures were collected at baseline and
postintervention. Participants also completed the Goal
Attainment Scale, with goals in relation to managing freezing
of gait at home set at baseline and goal attainment evaluated at
postintervention [40].

To obtain freezing of gait measures, participants were
videotaped by performing 2 freezing of gait provoking tests:
the Ziegler test [41] and the turn-in-place test [42]. In the Ziegler
test, participants began in a seated position 3.4 m from a closed
door. Participants were asked to stand up, walk forward 1 m to
a square outlined with tape on the ground (40×40 cm), perform
two 360° turns (clockwise and counter-clockwise) within the
square, and walk forward a further 2 m to open the door and
walk through the doorway, before returning to sit in the chair.
Participants were asked to perform the test as fluently as possible
under 3 conditions in the following order: (1) no additional task,
(2) with an additional motor task (ie, carrying a tray with a cup
of water), and (3) with additional motor and cognitive tasks (ie,
carrying a tray with a cup of water and counting backwards by
7 from 100). In the turn-in-place test, participants were asked
to turn 360° on the spot, alternating right and left at a
self-selected pace for 1 minute.

Two assessors (KAEM and JS) determined the percentage of
time frozen for each freezing of gait provoking test, plus the
time taken to complete the Ziegler test, via offline video analyses
[43,44]. They were blinded to the baseline and postintervention
testing conditions. A detailed protocol is described in
Multimedia Appendix 4 [4,43]. Interrater reliability between
the assessors was excellent. The intraclass correlation
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coefficients (two-way mixed effects, absolute agreement) were
as follows: Ziegler test percent time frozen=0.962 (from analyses
of 29 videos), Ziegler test duration=1.000 (from analyses of 29
videos), and turn-in-place test percent time frozen=0.984 (from
analyses of 20 videos). The videos used to determine intraclass
correlation coefficients were from baseline on and off
performances of 5 participants where postintervention measures
were not available.

Participants also completed the NFOG-Q, which reports the
severity and impact of freezing of gait (range 0-28), and the
CFOG-Q, where section 2 reports the frequency of freezing of
gait triggers (range 0-48). Lower scores indicate less severe
freezing of gait in both measures.

The mobility measures included comfortable walking speed
(measured over 10 m) [45] and the Timed Up and Go Test [46]
in single- and dual-task conditions (ie, counting backward from
100 by 3), with lower scores indicating better mobility. Anxiety
was measured using the Parkinson Anxiety Scale (PAS; range
0-48), with lower scores indicating lower levels of anxiety [47].

Participants were assessed at baseline within a week before the
start of the intervention and postintervention within a week of
completing the intervention. The following demographic
information was also collected at baseline: age, gender, severity
of Parkinson disease using the Movement Disorder
Society—Unified Parkinson’s Disease Rating Scale Section III
[48] and the Hoehn and Yahr stage [49], cognitive function
using the Trail Making Tests A and B [50], and current
medication regimen. Assessments were conducted at a university
laboratory when participants were in their on phase. The freezing
of gait provoking tests (both Ziegler and turn-in-place tests)
were also repeated in participants’ homes when they were in
their off phase after 12 hours withdrawal of their levodopa
medication overnight.

Adverse Events
The presence of motion sickness experienced while using the
virtual reality HMD and any falls, injuries, and fatigue during

the intervention and assessments were monitored. Participants
were asked to record any adverse events in a logbook and report
the events to the researchers. At each home visit, the researcher
questioned the participants about the occurrence of any adverse
events.

Statistical Analyses
Descriptive statistical analyses of feasibility and secondary
outcome measures were conducted using SPSS Statistics for
Windows, version 26.0 (IBM Corporation). Interview data were
audio-recorded and transcribed verbatim by independent
transcribers who were external to the study. NVivo 12 software
(version 2, QSR International) was used to code the interview
data, and inductive thematic analysis was used to interpret the
results [51]. One researcher coded all of the interviews (LG)
and 2 other researchers coded parts of the interviews (CGC and
NA) such that all data were coded independently by at least 2
researchers. The codes were then compared and grouped to form
the main themes through an iterative process. Any differences
were discussed in depth until a consensus was reached among
the 3 researchers.

Results

Overview
Individual and aggregate participant background information
is presented in Table 1. Overall, participants (9 males and 1
female) had a mean age of 70.6 years (SD 7.7 years), were
diagnosed with Parkinson disease for an average of 13.3 years
(SD 5.2 years), and had moderate to severe disease severity
with a mean Movement Disorder Society—Unified Parkinson’s
Disease Rating Scale Section III score of 37.3 (SD 13.3) [52].
All participants had moderate to severe freezing of gait
(NFOG-Q range 10-24/28), and 5 participants had significant
anxiety (PAS>14/48). A total of 6 participants were considered
recurrent fallers (defined as having more than 2 falls in the past
12 months), with 2 participants experiencing particularly high
rates of falls. A total of 2 participants had not fallen in the past
12 months (Table 1).
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Table 1. Baseline characteristics of participants.

Levodopa
equiva-
lent daily
dose (mg)

Number of
falls in the
past year

Timed
Up and
Go Test
(sec-

onds)a

Parkin-
son
Anxiety
Scale

(0-48)a

New Freez-
ing of Gait
Question-

naire (0-28)a

Trail
Making
Test
part B
(sec-

onds)a

Trail
Making
Test
part A
(sec-

onds)a

Mini Men-
tal State
Examina-
tion (0-

30)b

Hoehn
and
Yahr
scale

(1-5)a

Movement
Disorder
Soci-
ety—Uni-
fied Parkin-
son’s Dis-
ease Rating
Scale Sec-
tion III (0-

132)a

Parkin-
son dis-
ease du-
ration
(years)

Age
(years)

1120427.01422351.079.0263531281P1

2083c110.492426.914.9302181462P2

724612.9102249.918.9303401861P3d

1300612.31015169.049.0302291178P4

600112.91111130.213.029245576P5

900013.91817106.059.028227875P6

600fApproximate-

ly 550e
15.32923284.541.4253351666P7

1048614.5402487.062.0292471060P8

1694Approximate-

ly 230h
9.432195.028.6283222372P9g

400014.02021149.949.4282571675P10g

1046.9

(527.6)
N/Ai14.3

(4.8)

16.4

(11.0)

20.0

(4.3)

144.9

(101.7)

41.5

(22.2)

28.3

(1.7)

2.4

(0.5)

37.3

(13.3)

13.3

(5.2)

70.6

(7.7)

Value,
mean

(SD)

aLower scores are better.
bHigher scores are better.
cThis participant is on Duodopa therapy.
dThis participant withdrew because of medical reasons unrelated to the trial.
eThis participant reported 1 to 2 falls per day.
fThis participant received deep brain stimulation.
gThis participant did not receive the complete intervention because of COVID-19 lockdown.
hThis participant reported 4 to 5 falls per week.
iN/A: not applicable.

Primary Outcome Measures

Feasibility
The flow of the participants in this study is shown in Figure 2.
A total of 42 potential participants were identified and assessed
for eligibility. Of these 42 participants, 10 participants consented
to participate, resulting in a 24% (10/42) recruitment rate. A
total of 1 participant withdrew after receiving 3 weeks of
intervention because of medical reasons unrelated to the study,
resulting in a 90% (9/10) retention rate.

All primary and secondary outcome measures were obtained
from 10 participants at baseline. At postintervention, all primary
outcome measures were obtained, but only some secondary
outcome measures were available. A total of 9 participants
completed the subjective questionnaires, and 5 completed all
the in-person physical tests. In addition to the participant who

withdrew from the study, 1 participant became unwell during
testing; 1 participant had equipment failure during testing, so
physical test performances could not be videotaped; and 2
participants were unable to attend in-person testing because of
a city-wide lockdown from the COVID-19 pandemic.

Adherence to the intervention was good, with participants
completing a mean of 84% (SD 49%; range 8%-153%) of the
prescribed video viewing and a mean of 100% (SD 56%; range
17%-187%) of the prescribed physical practice (Table 2). A
total of 2 participants received less than 2 weeks of supervised
home visits as a result of the COVID-19 lockdown. A total of
1 participant was unable to tolerate the use of the virtual reality
HMD because of dyskinesia of the head and neck, resulting in
dizziness when viewing his videos. He used the HMD for 1
week and completed the rest of the intervention using a
flat-screen device. No other adverse events occurred during the
intervention or assessment.
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Figure 2. Flowchart of participants through the study.

Table 2. Adherence to the intervention.

Physical practice (% completed)Video viewings (% completed)

107105P1

143143P2

2318P3a

5053P4

113105P5

187153P6

9773P7

157117P8b

10765P9c

178P10c

100 (56)84 (49)Value, mean (SD)

aThis participant withdrew because of medical reasons unrelated to the trial.
bThis participant completed the majority of the intervention using a flat-screen device.
cThis participant did not receive the complete intervention because of COVID-19 lockdown.
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Acceptability
Results from the modified PENS Questionnaire (Tables 3 and
4) suggested that the majority of participants found the use of
the virtual reality system to view their videos interesting and

enjoyable. Participants experienced minimal motion sickness
and would choose to use the virtual reality system to manage
their freezing of gait in the future. Results for competence,
presence or immersion, and intuitive controls were overall
positive but variable between participants.

Table 3. Results from the modified Players Experience of Need Satisfaction Questionnaire.

P10P9P8P7P6P5P4P3P2P1Modified Players Experience of Need Satisfaction Questionnaire question

Interest or enjoyment

5777745467I enjoyed doing this activity very much.

5767736457This activity was fun to do.

7777637632This was not a boring activitya.

6767757626This activity did hold my attentiona.

6767745556I would describe this activity as very interesting.

2457455454While I was doing this activity, I was thinking about how much I enjoyed it.

Competence

2726654576I felt competent at using the virtual reality system to watch my videos.

2726663576I felt very capable and effective when using the virtual reality system.

Presence or immersion

5127466251When watching my videos, I felt transported to another time and place.

5757664555When watching my videos, I felt as if I was actually there.

5457655456Watching my videos was engaging.

3457355344I experienced feelings as deeply in my videos as I have in real life.

1462634244I experienced genuine pride when I watched my videos.

7741767677I did not experience distress when I watched my videosa.

Intuitive controls

2736354573Learning to use the virtual reality system was easy.

2436454473The virtual reality system controls were intuitive.

Future participation

7767455275If given the opportunity, I would use virtual reality systems for the management
of my freezing of gait in the future.

Motion sickness

7757767677I did not experience motion sickness while using the virtual reality systema.

aThis question was rephrased so that its effect direction is similar to that of the other questions to allow for the calculation of mean and SD (Multimedia
Appendix 2).

Table 4. Overall results from each category from the modified Players Experience of Need Satisfaction Questionnairea.

Value, mean (SD)Category

5.6 (1.5)Interest or enjoyment

5.0 (1.8)Competence

4.7 (1.7)Presence or immersion

4.4 (1.6)Intuitive controls

5.5 (1.6)Future participation

6.6 (0.7)Motion sickness

aOverall mean: 5.3 (SD 1.5).
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All the participants completed semistructured interviews after
the intervention. Each interview lasted approximately 45-60
minutes.

Five themes emerged from the interviews. An overview of these
results is presented below, whereas codes and further supporting
quotes for each theme are presented in Multimedia Appendix
5.

1. Reflections when seeing myself: while most participants were
embarrassed or shocked by their appearances in the videos,
these feelings motivated them to change. These participants
used the videos to identify areas of improvement to correct their
posture and gait. A total of 1 participant, who wanted to hide
his disease from others, was disappointed, as he felt that he was
not achieving this as well as he thought. A total of 2 participants
were unconcerned with their appearances and solely focused
on using the videos to learn the movement strategies to help
them overcome their freezing of gait:

One of the things that I changed, looking at the video,
my posture and my walking, struck me as pretty poor.
I have to make conscious decision, effort, to improve.
[P5]

2. My experience of using the virtual reality system: a total of
5 participants needed assistance from their carers to don or doff
the HMD and navigate the platform to view their videos.
Participants felt frustrated if they could not easily access their
videos or when they made mistakes when using the controller
to make selections. Although their abilities to use the system
improved with practice, frustration when using the HMD
decreased participants’ motivation to engage with the
intervention:

It strikes me that the virtual reality system is not
foolproof; if you make a mistake in one menu or
something, you have to find your way back. And any
frustration like that, you don't want to carry on. [P10]

On the other hand, some participants found using the system
easy and straightforward. Pre-existing technological literacy in
participants might account for individual experiences when
using the virtual reality system. Participants who reported feeling
comfortable using technological devices found it easy to use
the virtual reality system. In contrast, participants who were
unfamiliar and not confident with technology reported
difficulties.

Although participants were provided with personalized
instruction and a printed user guide, most participants requested
further resources and support to use virtual reality, such as video
tutorials.

3. The role of the virtual reality system in supporting my
learning: most participants found the use of the virtual reality
system to be beneficial. The virtual reality system was seen as
a novel and engaging tool to learn movement strategies. Using
the HMD minimized distractions in the environment and allowed
participants to concentrate on viewing the videos. However, a
total of 2 participants did not perceive the virtual reality system
as superior to flat-screen devices such as tablets, stating cost
and usability as barriers to using the system:

There're less outside influences to bother you.
Because if I'm looking at a computer screen...I mean
there're other things on the desk, on the table, in the
background. Whereas this headset excludes all that
out of the equation. [P9]

I don’t think it’s any better than say someone holding
a phone or a video and watching, so if there is a cost
to it which obviously there is quite a considerable
amount of money involved. [P3]

4. Developing a deeper understanding on how to manage my
freezing of gait: all participants found that viewing their videos
was helpful. Most participants used their videos as a guide to
learn how to overcome their freezing of gait, whereas 1
participant used his video to work out how to hide his Parkinson
disease. Several participants valued viewing themselves in the
videos as it best reflected their individual disease presentation
and personalized strategies to overcome their freezing.
Participants also saw videos as exemplars for physical practice:

You got that the video of what you’re supposed to be
doing as you are doing it. You tell me what to do, and
I didn’t have the video, I don’t know—I might think
I’m doing it the right way. And you come back in a
week’s time and say that’s not what I meant at all. So
I’m wrong—if I have the video it shows me what I’m
meant to do. [P2]

The person you can most identify with. And that's
yourself. The most appropriate person is the person
who's got Parkinson's themselves and is functioning.
And you can see what the program is doing for you,
and with you. [P9]

Most participants found the video viewing and physical practice
repetitive but worthwhile. Overall, repetitive practice was
acceptable as a way of reinforcing good performance, and
participants reported feeling better equipped to overcome their
freezing of gait when it was triggered. However, repetitive
physical practice appeared to be more accepted by participants
than repetitive video viewing. Several participants suggested
reducing the amount of video viewing, especially once they had
mastered the movement strategies. None of the participants
reported issues related to the amount of physical practice:

I think it's probably the repetitiveness that is helping
you without you being aware. The fact that you have
done it so many times makes it easier. [P6]

I think it prepares more the attitude to when (freezing
of gait) happens. For instance, you don’t cut it
completely or diminish. But when it happens, you get
out of the situation much quicker. [P5]

5. Impact of the intervention on my daily activities: several
participants reported improvements in their ability to manage
their freezing of gait in other tasks and contexts. In total, 1
participant reported an improved ability to manage his freezing
of gait outside of his home. He was able to board and alight
from a ferry after having previously avoided public
transportation. A total of 2 participants reported an improved
ability to manage their freezing of gait when they were off their
Parkinson disease medication. Participants reported being more
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confident and less anxious when they performed tasks that
typically triggered their freezing of gait:

I've got more confidence. I don't panic as bad as I
used to. I'm not afraid to walk around the house or
outside. This is a really great help. [P8]

In the freezing, yes. I experienced also, improvement.
I got, the times that I got more intense, or the freezing
when I wake up at night and I’m not with the medicine
obviously. At that moment, almost every time is
freezing but I start I stomp on the floor a little bit to
start walking and so I applied the technique. [P5]

You know, this is a tool. By using it and doing things,
(P7) can improve the way he does things around the
house. The amount of falls he's had, I think have been
reduced. His confidence has been a lot better. [P7
carer]

Secondary Outcome Measures

Overview
A total of 6 participants achieved their freezing of gait goal or
reported performing somewhat better than their goal after
receiving the intervention. A total of 3 participants reported no
change. Of these, 2 participants did not receive complete
intervention because of the COVID-19 lockdown (Table 5).

Table 5. Goal Attainment Scale.

Performed much better
than expected (2)

Performed somewhat
better than expected (1)

Achieved goal
as expected (0)

Performed at baseline
level of performance (-1)

Performed worse
than baseline (-2)

GoalID

✓Turning around to sit on
a chair, toilet, or car

P1

✓Walking out of the unit
through the front door

P2

Turning and stepping
backwards at night

P3a

✓Turning around to sit
down on the toilet (tight
space)

P4

✓Taking the first step af-
ter standing up

P5

✓Walking from the bath-
room to the kitchen
when I am OFF my
medication

P6

✓Walking in and out of
the bathroom and laun-
dry (tight space)

P7

✓Turning when opening
or closing the fridge

P8

✓Experiencing freezing
of gait in the study

P9b

✓Experiencing freezing
of gait in the toilet

P10b

aThis participant withdrew because of medical reasons unrelated to the trial.
bThis participant did not receive the complete intervention because of COVID-19 lockdown.

Overall, there were minimal changes to the freezing of gait,
mobility, or anxiety measures from baseline to postintervention.
However, there was substantial variability among participants
(Multimedia Appendix 6). As this pilot study was not
sufficiently powered to detect pre-post group differences, the
results of 2 participants who were similar at baseline but
demonstrated different levels of engagement with the
intervention are highlighted below in more detail.

Participant 6
P6 was a 75-year-old female with mild to moderate disease.
She had good cognition and mobility but significant freezing
of gait, which was predominantly during her off phase. P6 also

reported high levels of anxiety. She was highly engaged and
responded well to the intervention, with multiple positive
outcomes.

P6 viewed and practiced 2 different tasks. In her first video, she
walked from her bathroom to her kitchen. This involved making
a number of turns (including a 180° turn), navigating 2
doorways, and walking along a narrow passageway. The strategy
she implemented was stepping in time to a metronome at 80
beats per minute (70% of her usual cadence measured in her
baseline 10-meter walk test). This strategy was selected because
she reported enjoying dancing and music and had previously
responded well to rhythmic music. In her second video, she
practiced a more complex task of making a cup of tea in her

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28315 | p.92https://formative.jmir.org/2021/11/e28315
(page number not for citation purposes)

Goh et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


kitchen. This involved making a number of 180° turns while
performing dual tasks, that is, holding a cup. The strategy that
she implemented was counting her steps (one, two, one, two,
...), especially during turning. The metronome was not used in
this task because of multiple noncontinuous segments. Dual
tasks were also simplified into single tasks, where P6 would
move the cup of tea along the bench top and take sideway steps
separately so that she did not have to walk and hold onto a hot
beverage concurrently (Multimedia Appendix 7).

Overall, P6 had a deep understanding of the rationale for the
intervention. During her interview, she reported:

Because I visualized it, I watched it first, and it was
in my head, it made it easier when I got up to move
along doing the same actions. In that way it helped
when I actually had to do it. I just sort of didn’t have
to think. Because it was like in my head. And so I just
moved, you know, the way I actually visualized it.

P6 also recognized the importance of repetitive practice. She
demonstrated high levels of adherence to the intervention and
completed more practice than what was prescribed (video
viewing=153%; physical practice=187%). Although she did not
consider the virtual reality system easy or intuitive to use (PENS
intuitive control=3.5/7), she felt competent using the system
(PENS competence=6.0/7) and reported using the system to
view her videos as interesting and enjoyable (PENS interest or
enjoyment=6.3/7).

Her goal was to reduce the severity of her freezing of gait when
walking from her bedroom to her kitchen before her first dose
of Parkinson disease medication every morning, and she reported
achieving this goal after the intervention. At postintervention,
she had a reduction in percent time frozen (from 94% to 84%)
and time taken to complete the Ziegler test (from 489 s to 393
s) during off testing. She also had a significant reduction in her
anxiety score (PAS from 18/48 to 3/48), and her freezing of
gait was triggered less often (CFOG-Q from 31/48 to 17/48).

Participant 4
P4 was a 78-year-old male with mild to moderate disease. He
had good mobility but reported significant freezing of gait,
which was also predominantly during his off phase. Compared
with P6, he had poorer executive function (based on the Trail
Making Test part B) [53] and had lower levels of anxiety. He
appeared less engaged and did not respond well to the
intervention.

P4 viewed and practiced 3 similar but progressively more
difficult tasks. In his first video, he practiced getting on and off
the toilet, which involved walking and turning in a narrow space.
In his second video, he practiced getting on and off a low, soft,
and deep couch. In his third video, he practiced standing up and
walking away from a chair at his desk. In all 3 videos, he used
movement strategies of counting his steps (one, two, one, two,
...) and marching on the spot when turning. P4 had not tried any
movement strategies before this study, and these strategies were
selected as he found them easy to implement.

Although he recognized that the movement strategies were
helpful and valued seeing himself in his videos so that he could

improve his posture and walking, P4 had a low level of
engagement with the intervention overall. He did not feel
competent using the virtual reality system (PENS
competence=3.5/7) and reported experiencing difficulties using
the virtual reality system in his interview:

Because I had these problems, I sort of I don’t know
how to fix it so I’ll wait till (the physiotherapist)
comes or ring (the physiotherapist).

He also demonstrated low levels of adherence to the intervention
(video viewing=53%; physical practice=50%). Interestingly,
he stated several times he wished there were more applications
on the virtual reality system he could explore:

I would have liked to, I think you can play games on
it, can’t you?

His goal was to reduce the severity of his freezing of gait when
turning to sit down on the toilet, and he reported achieving this
goal somewhat better than expected after the intervention. His
perception of his performance contrasted with his
postintervention outcome measures, as there were small
increases in percent time frozen (from 22% to 27%) and time
taken to complete the Ziegler test (from 37 s to 51 s) during off
testing. His other freezing of gait measures and his anxiety also
increased (NFOG-Q from 15/28 to 27/28, CFOG-Q from 12/48
to 21/48, and PAS from 10/48 to 19/48).

Discussion

Principal Findings
To the best of our knowledge, this pilot study is the first of its
kind to examine the feasibility and acceptability of video
self-modeling (delivered via a virtual reality HMD) plus physical
practice to help people with Parkinson disease manage their
freezing of gait. The results of this study showed that the
intervention is a feasible and acceptable option for addressing
freezing of gait in people with Parkinson disease.

This intervention was safe to deliver with no participants
experiencing falls during the intervention or assessments, despite
freezing of gait, meaning that participants were at a high risk
of falls [37]. The physiotherapist who delivered the intervention
supervised the physical practice during the home visits until the
participant was deemed safe to practice either independently or
with a trained carer. Future larger randomized studies of video
self-modeling plus physical practice to address freezing of gait
should consider investigating falls as an outcome given the
potential for this intervention to ameliorate fall risk.

As virtual reality motion sickness (due to sensory conflicts
between visual, vestibular, and proprioceptive inputs) was a
possible adverse event, susceptibility to motion sickness was
an exclusion criterion. Although all participants were screened
for motion sickness, 1 participant gradually developed
intolerance of the HMD after 1 week. This was because of an
exacerbation of his head and neck dyskinesia when wearing the
HMD, which contributed to motion sickness. The camera and
virtual reality system used in this study were commercially
available devices selected for their accessibility to clinicians
and relatively low cost. Although virtual reality motion sickness
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may be minimized by improving the technical aspects of the
viewing experience, such as 6 degrees of freedom tracking,
using dynamic depth of field, and providing multimodal sensory
information [54], these improvements would require further
development and involve higher costs. Future research to
determine the incidence and intensity of virtual reality motion
sickness, as well as the impact of varying technical aspects and
costs of virtual reality systems, is needed in this population.
Nevertheless, the use of a flat-screen device was found to be
acceptable to the participant who required it.

The retention rate and adherence to intervention were high in
this study. Participants completed most of the prescribed video
self-modeling and physical practice sessions, with adherence
rates comparable with those of other home-based exercise
interventions [55]. Interestingly, the adherence rate of video
viewing was less than that of physical practice. It was likely
that repetitive viewings of the videos were more tedious
compared with physical practice and that participants placed
more value on physical practice over video viewing, even though
both aspects of this intervention were designed to be
complementary. This interpretation is supported by interview
data, where several participants suggested reducing the amount
of video viewing but did not suggest reducing the amount of
physical practice. The amount and distribution of video viewing
and physical practice should be further investigated in future
studies to determine the best combination to improve
performance while remaining engaging.

When comparing the recruitment rate of this study with others
specifically targeting freezing of gait [28,56-59], our recruitment
rate was lower. This was likely because of our recruitment from
a general database of people with Parkinson disease, where a
large proportion of individuals did not meet the inclusion criteria
for this pilot study. It is also possible that potential participants
with freezing of gait were deterred by the time needed to commit
to the study and unfamiliarity with the technology.

This intervention was widely accepted. Most of the participants
considered the intervention appropriate for their needs and
would choose to do this again in the future. Although video
self-modeling may be a useful tool for learning movement
strategies, its use in people with Parkinson disease should be
carefully considered. When people with Parkinson disease view
themselves, they can bring up powerful emotions that are both
positive and negative. Video self-modeling may improve
self-efficacy by providing an opportunity for individuals to see
their potential to overcome their freezing of gait. On the other
hand, other forms of observational learning may need to be
considered for people with Parkinson disease who are
uncomfortable viewing themselves. Future studies are required
to determine whether video self-modeling plus physical practice
is superior to more generic observational learning plus physical
practice for addressing freezing of gait.

Difficulties operating and navigating the virtual reality system
to view videos may hinder the learning of the movement
strategies and reduce adherence to the intervention. People with
Parkinson disease may have tremors and dyskinesia, which
makes it difficult to use a small controller, especially when
vision is eliminated. They may also have difficulties donning

and doffing an HMD that requires multiple adjustments to fit
securely. In addition, people with significant cognitive
impairments are likely to have issues using and engaging with
a complex virtual reality system. Simple and intuitive platforms
that provide people with Parkinson disease with large icons for
selection and sufficient time to respond facilitates navigation
of the applications.

Overall, the interpretation of secondary outcomes was limited
by the small sample size and the variability of the results.
Although there were minimal changes in the severity of freezing
of gait, this intervention may be effective in reducing anxiety
in participants with high levels of anxiety. Of the 5 participants
with significant levels of anxiety at baseline (PAS>14/48), 4
participants (P6, P7, P8, and P10) had significant reductions in
their anxiety scores. One additional participant (P2), who did
not meet the cut-off for significant anxiety, also demonstrated
a significant reduction in his anxiety score (PAS from 9/48 to
0/48). This finding is supported by interview data, in which
participants reported increased confidence in performing tasks
where they previously experienced freezing of gait. They also
reported feeling less anxious when they experienced freezing
of gait and felt better equipped with strategies to overcome
freezing when it was triggered.

Given that anxiety is a risk factor and a significant predictor of
developing freezing of gait [18], reducing anxiety may alleviate
freezing of gait by reducing the load on attentional or cognitive
resources needed to control gait in people with Parkinson
disease. Our results suggest that individuals with high levels of
anxiety regarding their freezing of gait may be more suited and
more likely to benefit from this intervention. It also suggests
that personalized rehabilitation for gait impairments is required,
where individual characteristics help determine intervention
modality and delivery to achieve the best outcomes [60,61].

Interestingly, 2 participants in this study (P5 and P6) specifically
identified tasks and set goals to overcome their freezing in their
off phase, as they experienced minimal freezing of gait during
their on phase when their medication was working optimally.
Even though the intervention was completed when the
participants were on, the effects of the intervention appeared to
carry over to the off phase. In their interviews, both participants
reported that they were able to successfully implement their
personalized strategies when they experienced freezing and
reported achieving their goals on the Goal Attainment Scale.

Given its episodic nature and the myriad of factors that can
trigger or alleviate freezing of gait, the assessment of freezing
is exceptionally challenging. Common outcome measures used
to assess the severity of freezing of gait, such as the Freezing
of Gait Questionnaire [62] and NFOG-Q, have limitations
because of their subjective nature and poor responsiveness and
should be used in conjunction with other freezing of gait
measures [24,31]. Several objective clinical measures of freezing
of gait have been developed to complement self-report measures
but freezing of gait is still not reliably captured, especially in
the home environment [32]. The freezing of gait measures used
in this study provided a good indication of the participants’
severity of freezing but might not be sufficiently sensitive to
reflect the frequency and severity of freezing in daily life. Given
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that this intervention was delivered in participants’ homes with
a highly personalized approach, the development of protocols
and technology to measure freezing throughout the day in the
home environment using wearable sensors is urgently required.

Conclusions
Video self-modeling using an immersive virtual reality HMD
plus physical practice of personalized movement strategies is

a feasible and acceptable method of addressing freezing of gait
in people with Parkinson disease. Future larger randomized
controlled trials could explore the use of wearable sensors to
measure freezing of gait at home for home-based intervention,
the use of different platforms to deliver video self-modeling,
and the impact of this intervention on freezing of gait, anxiety,
and falls.
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Abstract

Background: Improvements in the digital capabilities of health systems provide new opportunities for the integration of
patient-reported outcome (PRO) solutions in routine care, which can facilitate the delivery of person-centered diabetes care. We
undertook this study as part of our development of a new digital PRO diabetes questionnaire and clinical dialog support tool for
use by people with diabetes and their health care professionals (HCPs) to improve person-centered diabetes care quality and
outcomes.

Objective: This study evaluates the feasibility, acceptability, and perceived benefits and impacts of using a digital PRO diabetes
tool, DiaProfil, in routine outpatient diabetes care.

Methods: Overall, 12 people with diabetes scheduled for routine medical diabetes visits at the outpatient clinic were recruited.
Purposive sampling was used to optimize heterogeneity regarding age, gender, duration, type of diabetes, treatment modality,
and disease severity. Participants filled out a PRO diabetes questionnaire 2 to 5 days before their visit. During the visit, HCPs
used a digital PRO tool to review PRO data with the person with diabetes for collaborative care planning. Participants completed
evaluation forms before and after the visit and were interviewed for 30 to 45 minutes after the visit. HCPs completed the evaluation
questionnaires after each visit. All visits were audio-recorded and transcribed for analysis. Data were analyzed using quantitative,
qualitative, and mixed methods analyses.

Results: People with diabetes found the PRO diabetes questionnaire to be relevant, acceptable, and feasible to complete from
home. People with diabetes and HCPs found the digital PRO tool to be feasible and acceptable for use during the diabetes visit
and would like to continue using it. HCPs were able to use the tool in a person-centered manner, as intended. For several people
with diabetes, completion of the questionnaire facilitated positive reflection and better preparation for the visit. The use of the
PRO tool primarily improved the quality of the dialog by improving the identification and focus on the issues most important to
the person with diabetes. People with diabetes did not report any negative aspects of the PRO tool, whereas HCPs highlighted
that it was demanding when the person with diabetes had many PRO issues that required attention within the predefined time
allocated for a visit.

Conclusions: The Danish PRO diabetes questionnaire and the digital tool, DiaProfil, are feasible and acceptable solutions for
routine diabetes visits, and this tool may generate important benefits related to advancement of person-centered care. Further
research is now required to corroborate and expand these formative insights on a larger scale and in diverse health care settings.
The results of this study are therefore being used to define research hypotheses and finalize real-world PRO evaluation tools for
a forthcoming large-scale multisector implementation study in Denmark.
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Introduction

Background
Successful diabetes care requires a whole-person, collaborative
care approach that focuses on an individual’s biological,
psychological, and social health, well-being, functioning, values,
preferences, and priorities [1].

Digital patient-reported outcome (PRO) solutions for clinical
practice may help improve aspects of the care experience
regarding person-centered chronic illness care [2] and potential
outcomes of care [3]. PRO interventions may facilitate aspects
of empowerment for people with diabetes through facilitation
of reflective learning regarding (1) how diabetes affects one
personally, (2) one’s preferred role in own care, (3) prioritization
of own goals and taking an active role in developing action
plans, and (4) structuring a process of ongoing experimentation
and self-evaluation of action plan outcomes and efforts over
time [4,5]. PRO tools can additionally function as support for
health care professionals (HCPs) with regard to person-centered
dialog, care planning, coordination of care, treatment decisions,
treatment and outcome monitoring, psychosocial screening, and
shared decision-making [6].

We developed a new digital tool, DiaProfil, to facilitate the use
of PRO data by HCPs and people with diabetes in collaborative
care visits using a formative, participatory design involving
people with diabetes, family members of people with diabetes,
and a multidisciplinary HCP team in all design phases [3].
Participatory research and user involvement help ensure that
health care interventions are fit for the intended purpose [7-11],
can be seamlessly integrated into care, and can deliver optimal
public health impact [12-14]. We adopted these methods in the
development of both the national PRO diabetes questionnaire
and the PRO digital tool, and this pilot study was a part of the
formative evaluation process.

DiaProfil provides a user-friendly mobile or internet interface
for people with diabetes to complete a psychometrically
designed, adaptive diabetes PRO questionnaire before their
scheduled diabetes visits. This questionnaire can be completed
via mobile phones, tablets, or PCs and provides a one-screen
interactive overview (dashboard) of the PRO results for use by
HCPs with the person with diabetes during the visit. The PRO
dashboard is designed to make the PRO data available in a way
that facilitates effective, collaborative, and action-orientated
use of the data during the care visit. The aim is that HCPs and
people with diabetes use the tool together to gain a common
understanding of the overall perspective of the person with
diabetes regarding their overall life with diabetes, priorities,
and needs.

Aims
This study aims to evaluate the feasibility and acceptability of
the PRO diabetes questionnaire and the first viable version of
DiaProfil in routine diabetes visits at an outpatient clinic and
to undertake the initial exploration of the perceived benefits
related to the use of PRO by people with diabetes and HCPs.
The specific research questions were as follows:

1. How do people with diabetes experience the feasibility,
acceptability, relevance, comprehension, and adequacy of
topic coverage of the PRO questionnaire when used as
intended in the context of a routine visit?

2. How do people with diabetes and HCPs experience the use
of DiaProfil in connection with a routine diabetes visit in
relation to feasibility, acceptability, perceived benefits,
clinical utility, and challenges?

3. Specifically, do people with diabetes and HCPs experience
the intended and hypothesized benefits of the PRO tool in
improving patient participation and quality of the dialog?

As part of the formative process, this study additionally aims
to facilitate the refinement of research hypotheses and finalize
evaluation questionnaires for use in future real-world studies
on the implementation and effectiveness of the DiaProfil tool
in Denmark.

Methods

This study was a formative, mixed-methods, single-arm,
acceptability, feasibility pilot study that evaluated an
office-based digital PRO tool intervention at an outpatient
diabetes clinic.

Recruitment
The eligibility criteria were age >18 years, diagnosis of type 1
or type 2 diabetes, diabetes duration of at least 1 year, and
planned attendance for a routine visit at the diabetes outpatient
clinic during the study period. Exclusion criteria were severe
mental illness or major cognitive or language difficulties that
would prevent the ability to fill out the diabetes questionnaire.

We used purposive sampling and consecutive recruitment to
maximize the representation of type and duration of diabetes,
age, gender, treatment regimen, and disease severity. Eligible
participants were identified by the study nurses from the
electronic booking system in the diabetes clinic and invited to
take part in the pilot study by telephone. The study was
described as a pilot test of a diabetes questionnaire designed to
help improve the quality of diabetes visits. All participants
signed informed consent before study enrollment.

Study Design
The study was approved by the local institutional review board
and deemed out of scope for the ethical review board because
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of the absence of a clinical treatment or intervention and limited
risk.

The study design and intervention included the following:

1. Each participant received a secure email with a weblink for
mobile or web-based access to complete informed consent,
the PRO diabetes questionnaire, and an evaluation
questionnaire about the PRO questionnaire. The participant
was asked to complete this questionnaire 2-10 days before
their scheduled visit. If it was not possible to do it at home,
the person with diabetes was encouraged to contact the
clinic to arrange on-site completion.

2. HCPs were able to immediately access PRO results once
completed by the person with diabetes but were asked to
only access results immediately before the visit to mimic
routine diabetes care.

3. At the visit, HCPs used the DiaProfil PRO dashboard with
the person with diabetes to jointly review PRO results and
plan care collaboratively around the priorities of the person
with diabetes. Each visit was audio-recorded and transcribed
verbatim.

4. The HCPs and people with diabetes completed the
evaluation questionnaires immediately after the visit about
their experiences using PRO. HCPs filled out a web-based

form describing any issues, errors, or concerns relating to
the PRO results and how they were displayed using
algorithms.

5. People with diabetes were interviewed for 30-45 minutes
using a semistructured interview guide right after the
diabetes visit by a researcher not involved in care for that
person with diabetes. The PRO dashboard and questionnaire
results were available in the interview to facilitate a detailed
discussion with the person with diabetes about any feedback
to the individual’s PRO results, as shown on the PRO
dashboard. It was emphasized upfront to people with
diabetes that their feedback via questionnaires and
interviews was kept strictly confidential and would not be
shared with the clinical care team.

The PRO Diabetes Intervention
The aim of the PRO diabetes intervention was to increase the
active participation of people with diabetes in their own care
and improve the quality of the dialog between people with
diabetes and HCPs, and overall care quality by focusing on
optimizing value for people with diabetes [3]. The basic steps
of the PRO diabetes intervention are shown in Figure 1. The
digital tool DiaProfil was used by people with diabetes to
complete the PRO questionnaire and by HCPs to manage PRO
data and use the PRO data during visits.

Figure 1. Basic steps of the patient-reported outcome diabetes intervention in clinical practice. PRO: patient-reported outcome.

People with diabetes completed the PRO diabetes questionnaire
by phone, tablet, or PC using DiaProfil at home 2-10 days before
the visit. The diabetes questionnaire consisted of 33-71 items
(depending on the activation of branch logic) that measured
health, life situation influencing diabetes, general and

diabetes-specific social support, psychological well-being,
depression, symptom distress (neuropathy pain, cardiovascular
symptoms, gastrointestinal symptoms, sexual dysfunction, sleep
difficulties, and foot problems), daily life with diabetes, worries
about diabetes, confidence in diabetes self-management, blood
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sugar regulation (including hypoglycemia and blood sugar
stability), medical experience and satisfaction, access to HCPs,
priority issues for support, and preferred topics to discuss. The
HCPs used the PRO dashboard in DiaProfil with the person
with diabetes during the visit to review the person’s priorities
and issues and collaboratively plan care. The HCPs were
recommended to review the PRO dashboard in advance, share
the screen for mutual viewing, explain the PRO dashboard and
the color-coding, maintain nonverbal communication and eye
contact, use open-ended questions and active listening to prompt
more information and confirm findings, and cover all flagged
PRO issues. Our recommendations for person-centered use of
the PRO tool were quite similar to recently recommended
strategies for person-centered communication when using PRO
data in clinical practice in other studies [15].

The Development and Design of the Digital PRO
Diabetes Tool: DiaProfil
This formative study is a part of the participatory development
process of the digital PRO tool DiaProfil by the
VBHC-PRO-DIA (Value-Based Health Care and PRO in
Diabetes) research team and was conducted from 2018 to 2020.
We developed DiaProfil as a new tool to facilitate the
coordinated use of the national PRO diabetes questionnaire,
also developed as part of this project, in different health care
settings to improve person-centered, value-based diabetes care.
The PRO tool measures diabetes outcome constructs previously
established as important to people with diabetes and HCP in
Denmark [16].

Each PRO item or scale score is shown on the DiaProfil HCP
dashboard using a color defined by a predefined scoring
algorithm. Green indicates that there is likely no problem for
the person with diabetes, yellow indicates a possible issue of
concern for the person with diabetes that should be considered,
and red indicates that there appears to be a problem that the
HCP and the person with diabetes should make sure to review
and address.

The interface for people with diabetes includes a user-friendly
digital interface for questionnaire completion, which was
developed and tested with people with diabetes using an iterative
participatory process with user-testing to optimize
user-friendliness. Only one question is depicted on the screen
at a time to facilitate ease of use and lower cognitive burden.

The dashboard provides a one-screen instant overview of PRO
results by presenting the results in 9 main themes. On the right
side of the screen, the person with diabetes’ own priorities for
self-management support and topics to discuss are flagged for
use as a starting point for the dialog. By clicking or touching
the screen, the HCP can access dialog tips, information
resources, local treatment, and referral information relevant for
each PRO output.

Figure 2 shows a screenshot of the PRO dashboard with
examples of how the results may be shown. Depending on
individual PRO results, a variable level of information is shown
on the screen.

Figure 2. Screenshot from the digital patient-reported outcome diabetes tool, DiaProfil. Only examples are shown. The text is abbreviated. The figure
is only intended to illustrate the design of the dashboard. PRO: patient-reported outcome.
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Involvement of People With Diabetes in the Research
Process
A panel of people with diabetes who represented the target
group for the PRO intervention were involved as partners in
this study to ensure that the perspective of people with diabetes
was considered at all research phases [17]. This was important
to ensure relevance of the research and research questions to
people with diabetes [18]. A total of 2 adults with type 2 diabetes
and 3 with type 1 diabetes were part of this panel. Of these 5
participants, 3 (60%) were women, and 2 (40%) were men. The
participants’ age ranged from 30s to 70s, and they had different
levels of disease burden. Approximately 60% (3/5) had extensive
experience representing unmet needs and perspectives of people
with diabetes beyond personal experiences and 40% (2/5) had
some previous experience. One was also a health professional
and was able to also consider the perspective of HCPs. The
main method of involvement was group work meetings that
involved both the user panel and members of the
multidisciplinary clinical research team. This group focused on
reviewing and cocreating the study aims, study design, sampling
strategy, and evaluation questionnaires. In addition, this group
worked with hands-on user-testing and co-designing the
DiaProfil app tool and interface for people with diabetes. The
user panel also contributed to the scientific development of parts
of the PRO diabetes questionnaire.

Data Collection
Clinical charts (HbA1c, cholesterol, blood pressure, and
complication data), sociodemographic data, and treatment data
(age, gender, duration of diabetes, type of diabetes, medical
therapy, and technology use) were collected from all study

participants using chart reviews and questionnaires. PRO and
evaluation questionnaires were administered to people with
diabetes and HCPs using the DiaProfil platform. People with
diabetes completed evaluation questionnaires before and after
their consultation, and HCPs completed the questionnaires after
the visit. Questionnaires were purposely based on qualitative
data collected from workshops held with people with diabetes
and HCPs as part of the development of the PRO questionnaire.

An overview of the evaluation questionnaires is shown in
Textbox 1. Generic items were designed to evaluate the quality
of autonomy-supportive and person-centered communication
[19,20]. The semistructured interview guide was designed based
on research questions for the study and qualitative data from
involvement of people with diabetes during the intervention
development process. The interview guide addressed the
following main elements: (1) motivation to participate; (2)
experience related to PRO completion before the visit; (3)
experience related to the use of PRO results and the dashboard
during the visit; (4) experience of any problems or disadvantages
because of PRO; (5) comprehension, acceptability, and face
validity of items and scoring algorithms; and (6) overall
judgment, perceptions, attitudes, and recommendations
regarding future use of the intervention.

All consultations and semistructured interviews were
audio-recorded and transcribed verbatim. Four consultations
were observed in person by a clinical diabetes psychologist for
HCP supervision purposes to complement informant
perspectives and assess any potential risks related to the way
psychological issues are identified, addressed, followed up on,
and reacted to.

Textbox 1. Evaluation questionnaires.

The Danish Patient-Reported Outcome (PRO) diabetes questionnaire (33-71 items)

• Completed by people with diabetes at home in advance of the visit. Evaluates general health and life situation, well-being, depression, symptom
distress, annual check of feet and eyes, daily life with diabetes, worries about diabetes, confidence in managing diabetes, blood sugar regulation
and hypoglycemia, medicine experience, access to health care professionals (HCPs), priority areas for self-management support, and preferred
topics to focus on for the visit.

PRO diabetes questionnaire Evaluation Pilot Questionnaire for People With Diabetes (PRO-EVAL-P-1A; 4 items)

• Completed by people with diabetes immediately after the PRO questionnaire; evaluates perceptions of (1) relevance, (2) difficulty, (3)
comprehension, (4) topic coverage/comprehensiveness, (5) acceptability, and (6) item-specific issues.

PRO Consultation Evaluation Pilot Questionnaire for People With Diabetes (PRO-CON-EVAL-P-1A; 14 items)

• Completed by people with diabetes immediately after the PRO questionnaire diabetes visit; evaluates perceived (1) support for autonomy and
person-centered communication; (2) PROs impact on dialog, role, and care; (3) potential negative impacts; (4) face validity of scoring algorithms;
(5) interest in continued use and advocacy; and (6) suggestions for improvement.

PRO Consultation Evaluation Pilot Questionnaire for HCP (PRO-CON-HCP-1A; 10 items)

• Completed by HCPs immediately after the PRO questionnaire diabetes visit; measures perceived (1) quality of visit; (2) PROs impact on dialog,
roles, visit outcome; (3) challenges with the use of PRO; (4) satisfaction and interest in future use; and (5) clinical validity of items and algorithms.

Data Analysis
Quantitative data (blood tests, sociodemographic, PRO
questionnaire, and Likert scale evaluation questionnaire) and
qualitative data (consultation and interview transcripts, free-text
evaluation responses, and notes from debriefing meetings) were

analyzed in SPSS Statistics 25.0 for Windows (IBM
Cooperation) and NVIVO 12.0 (QSR International),
respectively. Primary quantitative evaluation data were presented
descriptively. The main qualitative analysis used a simple
stepwise coding process adapted from thematic analysis and a
phenomenological and combined inductive and deductive
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approach [21-23]. The aim was to evaluate perceived feasibility,
acceptability, benefits, and drawbacks among people with
diabetes and HCPs while examining the extent to which PRO
was perceived as having an impact on the participation of people
with diabetes, quality of dialog, overall care visit, and follow-up.
The steps used by the qualitative researcher included (1) all data
being reviewed and iteratively coded using the research
questions as topic structure; (2) all codes being analyzed for
duplicity, relationships, and hierarchical structures; (3) key
categories and themes being identified; (4) robustness of each
category or theme being checked by reviewing each against all
raw data; and (5) results being continuously checked and
discussed with the multidisciplinary clinical team, multiple
coders, and a panel of people with diabetes. The analysis
included an exploratory element to assess whether benefits or
disadvantages were highlighted, which did not fit within the
predefined research questions. Consultation transcripts were
analyzed using a predominantly semantic content analysis
approach [24] to assess selected aspects of fidelity, feasibility,
and acceptability regarding the use of PRO during the visit. A
codebook was developed based on a review of all transcripts
with 4 main coding categories: (1) HCP use of the PRO
dashboard (sharing and use of open-ended prompts), (2)
response of the person with diabetes when the HCP prompted
a specific PRO result (validating its relevance), (3) follow-up

action in response to prompted PRO topics (eg, problem-solving
dialog, referral, therapy change, education, and new
appointment), and (4) PRO topic code (PRO item, scale, or
construct). One researcher coded all transcripts to establish the
codebook, and 3 students coded 3 interviews each to compare
scoring and identify codebook ambiguities. Work meetings
were conducted to refine the codebook until concordance in
coding was established. Qualitative data were used for the
explanatory analysis of the quantitative evaluation questionnaire
data as a mixed-methods design.

Results

Overview
The characteristics of the 12 people with diabetes enrolled are
shown in Table 1. A good variance was achieved in relation to
gender, type of diabetes, age, duration of diabetes, therapy and
treatment modality, complications, and comorbidity burden.
The HCPs were 2 senior diabetes nurses and 2 senior diabetes
physicians employed at the Ambulatory Diabetes Clinic at
Aalborg University Hospital. All HCPs (3/4, 75% women and
1/4, 25% men) had >5 years of diabetes care experience, and
all had had some previous involvement with the design of the
PRO diabetes tool.
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Table 1. Characteristics of study participants (N=12).

ValuesCharacteristics

7 (58)Gender (female), n (%)

Type of diabetes, n (%)

8 (67)Type 1

4 (33)Type 2

56.6 (24-79)Age (years), median (range)

19.5 (2-50)Duration (years), median (range)

Device used, n (%)

7 (58)Insulin pen

2 (17)Insulin pump

3 (17)GLP-1a, n (%)

1 (8)Tablet, n (%)

Number of comorbidities

1.58Mean

1 (0-8)Median (range)

Number of complications

1.3Mean

0.5 (0-4)Median (range)

Outcome variables, mean (SD; range)

85.8 (20.7; 61-113)HbA1c
b (mmol/mol)

3.0 (0.7; 2-4)Health (SF-1c; score range 1-5)

60.4 (20.7; 20-96)Well-being (WHO-5d; score range 0-100)

41.0 (14.0; 8-58)Diabetes-specific distress (PROe Diabetes Questionnaire–Negative Impact of Diabetes Scale, three-item distress scale;
score range 0-100)

3.8 (2.7; 0-10)Number of PRO topics flagged for action (scored with a red flag)

4.8 (3.0; 1-11)Number of PRO topics flagged for action (scored with a yellow flag)

14.3 (6; 4-26)Total number of PRO topics flagged for action (yellow and red topics and additional topics selected by people with
diabetes)

aGLP-1: glucagon-like peptide-1.
bHbA1c: glycated hemoglobin A1c.
cSF-1: global health item of the Short-Form Health Survey.
dWHO-5: World Health Organization–Five Well-Being Index.
ePRO: patient-reported outcome.

Quantitative Data Results

Evaluation of the PRO Diabetes Questionnaire by People
With Diabetes
The results from the quantitative evaluation of the PRO
questionnaire by people with diabetes are shown in Table 2.

All the people with diabetes were positive about the relevance
of the questions for their diabetes, except 1 person with diabetes
who indicated a moderate negative appraisal. All people with
diabetes found it easy to complete the entire questionnaire. Of
the 12 participants, 6 (50%) indicated no items, and 6 (50%)

indicated one or few items of the PRO questionnaire were
difficult to understand. The specific items were reviewed with
people with diabetes in interviews as part of the formative
questionnaire validation and design. Of the 12 participants, 10
(83%) indicated that no important topics were missing from the
questionnaire, and 2 (17%) mentioned topics of atypical diabetes
type and more on how to access pump technology as desired
topics. Both interview and questionnaire data confirmed that
people with diabetes felt the color-coded display of their PRO
data, including specific cut-off thresholds in DiaProfil, provided
a valid and helpful picture of their situation. Furthermore, HCPs
provided separate confirmations of the validity of the scored
PRO outputs for each person with diabetes after each visit.
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Table 2. Quantitative evaluation of the patient-reported outcome diabetes questionnaire by people with diabetes (N=12)a.

ValueResponse options

How relevant did you find the questions to be for your diabetes care?

3.5 (0.7)Mean score (SD)

Negative appraisalb, n (%)

0 (0)1

1 (8)2

Positive appraisalb, n (%)

4 (33)3

7 (67)4

How difficult or easy was it for you to complete the questionnaire?

3.6 (0.7)Mean score (SD)

Negative appraisalb, n (%)

0 (0)1

0 (0)2

Positive appraisalb, n (%)

6 (50)3

6 (50)4

Were any items difficult to understand? n (%)

9 (75)No

3 (25)Yes, one or a few

0 (0)Yes

Did you miss any topics missing? n (%)

10 (83)No

2 (17)Yes

aShows the responses of people with diabetes to the PRO-EVAL-P-1A pilot evaluation questions immediately after completing the PRO questionnaire.
bA score of 1 and 2 reflects a negative appraisal, and 3 and 4 represents a positive appraisal.

Questionnaire Evaluation of the Use of PRO During the
Visit by People With Diabetes
The mean single-item scores by item for the primary evaluation
questions are shown in Table 3.

All 12 people with diabetes rated the person-centered
autonomy-supportive communication style of the HCPs
positively, with mean scores ranging between 4.5 and 4.8, with
a score range of 1-5. People with diabetes felt that their HCPs
were focused on their priorities, encouraged them to speak, and
made them feel comfortable talking about their needs, and all
felt they got the care and advice that they had hoped for. In
order of decreasing positive rating, people with diabetes
expressed high interest in continued use, that PRO should be

offered as standard care to all, that PRO helped focus on what
was most important to them, that PRO helped focus the
conversation on what mattered most to them, that they would
like to use PRO in their future care, that they felt better prepared
for the visit, and that the PRO dashboard provided a good picture
of their current diabetes situation, needs, and priorities. There
was only 1 person with diabetes who indicated a moderate
degree of being uncomfortable or having a problem related to
the use of PRO. During the interview, where answers were
debriefed, she explained that she had had a bad day, was feeling
very distressed because of diabetes, and had not felt the HCP
understood her issues as they were raised. Despite this, she was
very positive about the PRO tool and did not attribute the
problem to the tool.
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Table 3. Quantitative evaluation of the use of patient-reported outcome (PRO) during the visit by people with diabetes (N=12)a.

Single-item scoreb, mean (SD)Items

General dialog evaluation

4.8 (0.6)Did the HCPc make you feel comfortable talking about the topics that you needed to?

4.6 (0.5)Did the HCP give you the treatment, advice, referral, or other assistance that you needed?

4.5 (0.9)Did the HCP focus on what is most important to you?

4.5 (0.7)Did the HCP encourage you to give input or ask questions?

Evaluation of influence of use of PRO

4.9 (0.3)Interested in using PRO in future care

4.8 (0.4)PRO should be part of standard care

4.7 (0.3)The DiaProfil dashboard helped me talk about the important things

4.4 (0.9)HCP was more or less prepared because of use of PRO

4.4 (0.9)I felt more or less prepared because of use of PRO

4.3 (1.0)PRO dashboard gave a good picture of my situation, needs, and priorities related to my diabetes

1.3 (0.6)Any problems or uncomfortable experiences related to the use of DiaProfil in the dialog? If so, which?

aMean single-item scores of evaluation by people with diabetes of use of PRO after the visit using the PRO-CON-EVAL-P-1A-pilot questionnaire.
bScore range is 1-5, except for the last item, which is 1-3.
cHCP: health care professional.

Results of the Qualitative Analysis of Interviews With
People With Diabetes
The main themes identified from the qualitative analysis of the
interviews are shown in Table 4, with illustrative quotes.

People with diabetes expressed that they felt the PRO
questionnaire covered all relevant issues, was straightforward
to fill out, and facilitated positive self-reflection. In line with
the questionnaire evaluations, approximately half of the people
with diabetes reported minor issues with understanding one or
a few items.

Most people with diabetes expressed that they found it positive
to complete the questionnaire at home in advance, as it helped
them know what the conversation would be about at the visit.
Filling out the questionnaire made the people with diabetes feel
reassured that they would remember and get to talk about their
priority issues with their HCP. This was important as several
people with diabetes expressed frustration that they would often
forget to talk about the issues that mattered to them during visits.
A family member who participated with a study participant
explained the following:

It is a nice thing to fill it out at home, and the HCP
is also better prepared for what you want to ask
about. I would like to have this every time.

Several people with diabetes had a positive personal experience
filling out the questionnaire. One person with diabetes said the
following:

When I sat down with the questionnaire, I had some
time for it, and I felt really positive and surprised.
Because it went straight in and touched on some
issues where I had to feel and actually remove the
shutters and relate to it. ”How am I doing? If I am
totally honest, how is it going with this?“ It is easy
to say, ”well it’s going to be fine.“ Let’s just keep
going as usual. So, in this way it was really an
eye-opener for me.

Only one person with diabetes expressed an uncomfortable
situation related to the use of PRO during the visit, as noted
earlier, and it was clarified in the interview that the person with
diabetes did not attribute the issue to the PRO tool but attributed
it to not feeling fully understood by the HCP.
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Table 4. Analysis of semistructured interviews with people with diabetes.

Quotes for illustrationTheme and subcategories

Perception of the questionnaire

Easy and manageable to fill out

“I felt it was easy and I think it was well laid out with 5 response options every time–and
I just felt it was simple”

• Easy to do
• A positive experience
• No or few items difficult to understand

Relevant comprehensive questionnaire

“It gets into all the issues, which I think is good because it makes you think about stuff
you might not otherwise have”

• All questions relevant
• No key topics missing
• 360° coverage is good

Benefits related to filling out the questionnaire

Feel better prepared

“It motivated me hugely to get some things on the table that I have been needing to talk
about but closed my eyes to because I tend to just say things are 'kind of fine'?”

• Self-reflection and self-insight

“Many times I feel I forget when I get to the visit, shoot, this or that I forgot to ask about
when you sit there–and when you leave you haven’t asked about what you needed. So,
this is really super this tool”

• Comfort knowing own priorities will be ad-
dressed in the visit

Experience of the process of use of PROa in-visit

HCPb uses PRO in pleasant or good way

“I think it was great to see [DiaProfil screen]–it made sense; red is bad, yellow is less
bad and green that is perfect-ish, right?–I think it gave a good picture [of my situation]
and it was easy for me to grasp it”

• PRO screen was easy and intuitive in visit

“I liked the way that she [HCP] went at it right away. She made me actually feel reassured
by showing me the screen and just mentioning e.g. there was this box with a mental issue”

• HCP talked about PRO results in a pleasant
way

Benefits of PRO during the visit

Better, more meaningful care visit

”It felt very nice [that the nurse had seen my PRO answers], because I am thinking if she
has read it through she might see some connections between my issues – makes sense.“

• HCP is better prepared

“We covered some other topics than normal, because I usually just get the numbers [blood
test results] and sometimes gets measured and weighted and then go home again. It got
more personal. And I think that was awesome.”

• Cover new important topics that matter to
me

”It was a bit easier to sit at home and write that I actually would like to get some help to
stop smoking than to sit down here–now it’s out in the open without having to say it face
to face. It also makes it easier for the HCP I think–you can maybe get to talk about some
of the difficult topics that you wouldn’t just sit there and say.“

• Easier to talk about difficult or sensitive is-
sues

“I get better help by answering these questions”• Getting better care

aPRO: patient-reported outcome.
bHCP: health care professional.

HCP’s Evaluation of the Use of PRO During the Visit
The main results from the HCP questionnaire evaluation of the
visits are shown in Table 5. HCPs rated the general quality of
the dialog positively, felt they were able to cover all the issues
that were important to them, and were satisfied with the clinical
outcome. In one case, the HCPs noted general dialog difficulties;
however, this was reported by the HCP to be unrelated to PRO
and caused by the fact that the person with diabetes had mild
cognitive impairment and language difficulties. In order of

decreasing positive ratings, HCPs were satisfied with the use
of PRO, highly interested in continued use of the tool, and felt
that all relevant topics were covered by the PRO questionnaire.
HCPs reported moderate improvement in preparedness and
active engagement among people with diabetes during the visit.
HCPs were neutral or marginally positive about the ability of
PRO to uncover previously unknown clinical challenges of
people with diabetes, and in 50% (6/12) of visits, HCPs
highlighted some challenges related to the use of PRO during
the visit.
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Table 5. Results of questionnaire evaluation of the use of the patient-reported outcome (PRO) diabetes tool by health care professionals (N=12)a.

Mean single-item score (SD)Item contentb

General dialog evaluation

4.25 (1.1)How would you rate the overall quality of the dialogue with this patient?

4.4 (0.7)Did you cover all the topics in the visit that were important to you from a clinical perspective?

Evaluation of influence of use of PRO

9.25 (1.0)How interested are you in using DiaProfil in its present form in your future diabetes consultations?

4.6 (0.7)How satisfied or dissatisfied were you overall with use of DiaProfil in the consultation?

3.75 (0.75)Was the person with diabetes was more or less prepared for your dialog due to answering the PRO questionnaire?

3.5 (1.0)Do you feel that your use of DiaProfil changed your role in the conversation?

3.6 (0.5)Did you experience that the person with diabetes got to speak more or less during this visit due to use of DiaProfil?

2.67 (1.3)Did DiaProfil make you aware of clinically relevant issues for this patient you were not aware of before?

2.33 (1.4)Did you experience challenges due to the use of DiaProfil during the visit?

aMean single-item scores of health care professional evaluations of use of patient-reported outcome in the visit (PRO-CON-EVAL-P-1A-pilot).
bScore range is 1-5. Score of 1-2: negative; 3: neutral; and 4-5: positive (except for the question on interest in continued use, which has a score range
of 1-10).

Results of the Analysis of HCPs’Free-Text Evaluations
of Use of PRO in the Visit
Themes and illustrative quotes from the HCP’s evaluation of
the visits are shown in Table 6. HCPs felt that PRO helped focus
the dialog during most visits, and it was mentioned that the fact
that people with diabetes had reflected on issues in advance
contributed to this. Generally, HCPs did not indicate that PRO
revealed new clinical treatment insights; however, in half of the
visits, PRO placed attention on the fact that clinically relevant
issues were of specific importance to their patients, with sleeping
difficulty, erectile dysfunction, cardiovascular symptoms, worry
about late-stage complications, foot problems, and psychological
issues being problems specifically mentioned. The PRO tool
was noted to provide structured insight, especially into the

psychological factors at play. HCPs did not report any technical
or functional issues related to using the digital tool but reported
a number of challenges in half of the visits, reflecting in large
part the fact that the HCPs were new to using the tool in a
routine visit and there was no detailed manual for combining
PRO and clinical data during the visit. Key issues raised by
HCPs were how to handle the dialog if the person with diabetes
had a lot of PRO topics requiring attention and that it could be
difficult to find the right balance between traditional clinical
tasks and the new PRO topics. Another issue that was raised
was that some symptoms flagged in the PRO dashboard were
not always related to diabetes or had already been acted upon
by another HCP, so the value of raising these issues appeared
unclear to the HCP.
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Table 6. Analysis of open-ended text evaluations by the health care professional after each visit.

Quote or case exampleMain themes

Benefits of use of PROa in the visit

“I tend to ask a lot of questions if the patient does not say so much. In this case the patient
had already reflected and prioritized which allowed us to focus on this instead of ‘shooting
in the blind’.”

The person with diabetes was better prepared due to
self-reflection in advance

“I distributed the available time better, focused on the problems of the patient, listened
more”

Better able to set agenda in line with patient priorities

New topics identified as important to the person with diabetes included worry about
complications, foot wound, erectile dysfunction, sleep, pain, and barriers in life situation
to managing diabetes.

New insights about which topics are important to the
person with diabetes.

Challenges regarding use of PRO in the visit

“Dialogue would have been better if we had had more time to wrap up the various problem
areas identified”

“There were so many answers to consider that it extended the visit.”

Managing the conversation when there are many
flagged PRO topics

Not all PRO outputs were relevant to act on

A person with diabetes scored red on pain, but it was because of arthritis pain that was
already treated and addressed in other care setting.

Red score on pain

A person with diabetes scored red on low well-being, but it was because of life issues
unrelated to diabetes.

Red score on low well-being

Unsure how to handle a discrepancy between a PRO score and what the person with dia-
betes says in the visit.

Uncertainties regarding use

aPRO: patient-reported outcome.

Content Analysis of Transcripts of Diabetes Visits
The results of the content analysis of the audio recordings of
the visits are summarized in Table 7. HCPs generally used the
PRO dashboard as intended for dialog support (albeit in different
ways and to different degrees). As there was no video recording
of the visits, we could not make precise assessments of when
and how the PRO dashboard was used to prompt each individual
topic. This was especially difficult as both the person with
diabetes and HCP would view the screen while talking. Overall,
with few exceptions yellow or red colored topics and topics
requested by the person with diabetes on the PRO dashboard
questionnaire were prompted or acted upon during the visit by
the HCP. Several topics were only briefly mentioned; however,
they were reviewed and considered for relevance. The key topics
that were shown to be both flagged as a potential problem area
on the PRO dashboard, prompted in the visit by the HCP,
confirmed as relevant by the person with diabetes and
followed-up on by the HCP are depicted in Textbox 2.

Many PRO topics prompted by the HCPs were validated as
relevant by the person with diabetes and, for the most part,
resulted in relevant follow-up dialog and, in some cases, action.
However, in line with HCP evaluations, there were several
instances where topics raised pertaining to, for example,
symptoms unrelated to diabetes were found not to lead to
concrete action or follow-up plans. By cross-matching the topics
discussed during the visit with the PRO data, we identified some
individual errors because of mistakes by people with diabetes
during questionnaire completion; however, we could exclude
any structural PRO assessment problems and could confirm the
clinical validity and utility of the PRO outputs. Observations
of a subset of consultations by a clinical diabetes psychologist
provided additional reassurance that it was possible for HCPs
to incorporate PRO data in a person-centered manner into the
dialog. Observations provided input to our future
person-centered training for the use of PRO, especially regarding
identifying and clarifying previously undetected psychosocial
problems.
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Table 7. Results of analysis of audio-recording transcripts of patient-reported outcome (PRO) diabetes consultations (N=12).

Result, n (%)CaseCategory

Fidelity of in-visit use of PRO

12 (100)“Is this something that you recognize?” [HCP]

”Here it says something about pain in your feet?” [HCP]
HCPa used open-ended questions to prompt people
with diabetes about a flagged PRO topic or result

10 (83)“What you answered in the questionnaire is shown on this screen.” [HCP]

“If it is green it is all good, like a traffic signal, right?” [HCP]

“It is like a traffic light. Yellow is something to be attentive to if there
might be something to talk about.” [HCP]

HCP showed and explained the PRO dashboard

8 (67)“And then there is red which we definitely should talk about...” [HCP]

Case example: “Is it things that bother you?” [HCP]; “Yes” [person with
diabetes]; “Ok then it makes sense we start out with this” [HCP]

HCP explicitly used a PRO to set visit agenda

12 (100)“You have indicated you feel that diabetes takes up too much of your
daily life?” [HCP]

All flagged PRO topics were mentioned during the
visit.

Use of PRO in the visit

12 (100)Case example:

PRO topic flagged: ”Not confident in ability to get contact with HCP if
needed”. HCP is prompted with open question. Person with diabetes vali-
dates result. HCP is informed about contact options and handed out a dia-
betes telephone hotline leaflet.

At least one PRO topic was prompted by the HCP,
validated as relevant by the person with diabetes, and

followed up with actionb

aHCP: health care professional.
bActions may include follow-up dialog, advise, treatment, education, self-help resources, care planning, and referrals.

Textbox 2. Topics where cases of intended clinical use of the patient-reported outcome tool were identified in this study.

Topics

• Life situation impacting diabetes

• Psychological well-being

• Daily life with diabetes

• Worry about complications

• Blood sugar regulation and hypo/hyperglycemia worry

• Diet, carbohydrate counting, and smoking

• Medicine experience

• Symptom distress: Sleep, sexual function, foot, neuropathic pain, gastrointestinal, and cardiovascular

• Confidence in access to health care professionals for diabetes

Mixed-Methods Analysis

Overall Results
Qualitative and PRO data were compared with questionnaire
evaluation data to verify the findings and establish robust overall
findings regarding feasibility, acceptability, and perceived
benefits. Both questionnaire and qualitative data confirmed that
the PRO questionnaire and the DiaProfil tool were acceptable,
valid, appropriate, and effective in improving people with
diabetes’ preparation for the visit and the quality of the dialog.

Both questionnaire data and interviews for people with diabetes
and visit transcripts supported that HCPs used the PRO
dashboard in the intended person-centered way and achieved a
more focused and relevant dialog. The HCP questionnaire and
open-ended text confirmed general satisfaction with the use of
PRO tools.

Some people with diabetes had a high number of flagged PRO
topics in this version of the tool, and some PRO-flagged topics
were not relevant for the HCP to act on in the specific visit;
however, people with diabetes were satisfied with the use and
did not report concerns or negative experiences related to this.
We used a multi-informant mixed-methods approach to analyze
negative outliers in the questionnaire data. As an example, we
looked at the only person with diabetes who had rated the
relevance of the PRO diabetes questionnaire as somewhat not
relevant, whereas the 11 others had rated it relevant. The person
with diabetes had had diabetes for >13 years, was resourceful
and empowered in relation to diabetes, and had seen the same
physician for several years. The person with diabetes’s DiaProfil
dashboard was largely green but with flagging of pain, sleep,
and blood sugar measurement. She indicated that as she was
doing fine and knew what she wanted to talk about; she did not
find the questions so relevant when filling out. The person with
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diabetes expressed afterward that “we covered other topics than
usual which made it more personal–I think it was great” and
was keen to keep using it. Another point the person with diabetes
raised was that a question about medicine required for branch
logic was irrelevant as the hospital should already have the
information, which was true, and we began to prepopulate that
item subsequently. This highlights the significance of iteratively
testing every single item with users. The HCP evaluation
confirmed that the person with diabetes was resourceful and
knew what they wanted from the visit; the HCP also answered
neutral (3) on whether the person with diabetes was better or
worse prepared because of PRO.

Evaluation of the Acceptability of the PRO Evaluation
Questionnaires
People with diabetes were able to fill out the evaluation
questionnaires digitally without the need for support after each
visit and expressed, in interviews, that the questions were
relevant and easy to understand and fill out. We obtained
complete evaluation data from both people with diabetes and
HCP from all visits. This corroborated our initial finding from
user-testing that they were suitable for use in routine care
situations. As part of the formative design, the pilot evaluation
questionnaires were revised based on our mixed-methods
analysis and feedback from people with diabetes for use in a
real-world study of how people with diabetes experience use
of PRO [25]. Changes included alignment of items for people
with diabetes and HCPs to evaluate interrater reliability,
additional questions relating to perceived impacts of PRO on
self-management versus HCP decision-making, role of the use
of screens during the visit, emotional impact of PRO, and
impacts of PRO on HCP’s work satisfaction and work stress.
The final questionnaires were incorporated into a large-scale
real-world study of the PRO diabetes tool in different health
care settings [25].

Discussion

Principal Findings
The PRO tool helped improve the quality of the dialog and visit
by facilitating the identification and prioritization of topics
according to the needs of people with diabetes. In line with the
extant PRO literature, the use of PRO helped introduce new
talk topics, supported dialog about difficult psychosocial issues
previously left unattended, and facilitated a more active role for
people with diabetes [3,26,27]. People with diabetes felt better
prepared for the visit, and in several cases, HCPs reported that
people with diabetes appeared more ready to talk about difficult
but clinically relevant issues, which has also been reported by
other studies. The use of the PRO tool was feasible, acceptable,
and facilitated a person-centered dialog in line with findings
from other studies regarding the use of PRO to facilitate aspects
of person-centered care [2,3,26-30].

Meeting the Expectations of the People With Diabetes
and Family Members
A common concern expressed by HCPs is that PRO
questionnaires may raise unrealistic expectations for people
with diabetes and that resources are not available to address

topics raised by PRO [26,31,32], which could result in
disappointment during the visit. All people with diabetes
expressed that they received the care or support they needed
from the visit; however, 1 person with diabetes expressed that
the HCP did not sufficiently understand the person’s issues
related to diabetes distress. All 12 people with diabetes in our
study were positive about the PRO tool and the way the HCPs
used it and did not report negative effects that they felt should
prevent it from being a part of standard care. Although our
combined analysis identified some issues identified by PRO
that were not found relevant to act on, people with diabetes did
not report any concerns related to lack of follow-up on PRO
results or otherwise unfulfilled expectations.

Our finding that none of the people with diabetes expressed
disappointment or unfulfilled expectations may be partly because
the questionnaire had been specifically designed to only include
items that were perceived as directly relevant for routine care
by both people with diabetes and HCPs. Given the importance
of expectation setting in the clinical use of PRO, we attempted
to give instructions to people with diabetes about PRO carefully
to avoid inadvertently raising unrealistic expectations.

Fidelity and Use of Person-Centered Strategies
Our combined analysis indicated good fidelity related to the
HCP’s use of the basic recommendations for person-centered
use pertaining to the use of open questions to verify and clarify
priorities of people with diabetes and ensure coverage of all key
topics highlighted by them. The use of open questions and active
listening was applied in all visits, and we found it to be an
essential component that may be particularly important in the
care of people with cognitive or language difficulties who may
have difficulties completing the PRO questionnaire as intended.
The PRO intervention did not include requirements for HCPs
to use specific methods or tools for agenda-setting, structuring
the visit, collaborative goal-setting, action-planning, and shared
decision-making beyond the general recommendations for
person-centered use of the tool. Therefore, this study provided
a first opportunity for HCPs to try out the PRO tool in routine
visits, identify key communication challenges, and begin to
develop individual strategies on how to use the tool in an optimal
way. The main challenges reported by the HCPs relate to how
to structure the time and balance focus on clinical and PRO
issues. An HCP expressed that it could be difficult to juggle
tasks during the visit when people with diabetes had a high
number of PRO topics, and an HCP found it difficult to review
the many topics on the screen while maintaining a natural
conversation. In contrast, and interestingly, the people with
diabetes did not express concerns or problems related to the
number of topics being identified and were overwhelmingly
positive about the way the HCPs used the tool. We believe this
may be partly because of the HCPs putting in an extra effort to
ensure that people with diabetes had a good dialog experience
despite the high number of flagged issues.

In a few cases, it was noted by HCPs that some flagged PRO
topics, especially those related to symptoms, were not related
to diabetes or were not relevant to act on in this visit; however,
it was still necessary to review the topics as they were flagged
on the PRO dashboard. The issue of not being able to act on
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especially generic PRO issues has also been reported by others
[33]. Importantly, we found that people with diabetes
appreciated the dialog on these topics, such as pain, sexual
dysfunction, and sleep issues, as these issues were very
distressing to them. Since the study, the PRO tool was further
adjusted to include comorbidity information to facilitate the
identification of symptoms unrelated to diabetes. Our results
highlighted that the use of the PRO tool imposes significant
demands on HCPs in relation to person-centered communication
skills, self-efficacy for the use of PRO, and knowledge, as also
highlighted by others [15,34]. Although the PRO tool was
designed to be usable by diabetes HCPs with only minimal
PRO-specific training, we believe that sparring with senior
colleagues in developing individual person-centered strategies
for the use of the PRO tool that suits each HCP’s style and
clinical responsibilities will be important for optimal
implementation and effectiveness. Clarifying each HCP team
member’s role and responsibility in relation to the key PRO
topics using frameworks such as 5A [35] may be important to
support HCP adoption and self-efficacy for PRO use. PRO tools
differ greatly in terms of how prescriptive the guidance is on
how to apply PRO data for goal-setting and action-planning
[30,36]. Further research is needed and underway to examine
how different person-centered styles and communication
strategies impact the use and impact of PRO [3,4,37,38].

Benefits Related to Completion of the Questionnaire
People with diabetes expressed positive experiences related to
the completion of the questionnaire. We found several factors
that could potentially explain this. The completion of the
questionnaire led to a reflective process that facilitated self- and
disease-insight related to diabetes. During the design of the
PRO tool, people with type 2 diabetes highlighted the potential
for this questionnaire to help people with diabetes understand
their situation and options for acting for their own health. On
the basis of our results, this effect is likely important for a
subgroup and dependent on diabetes duration, empowerment,
and whether the person with diabetes is completing the PRO
questionnaire for the first time. Filling out the questionnaire at
home made people with diabetes feel confident that they would
get to talk about their priority issues during the visit. This was
very important as people with diabetes reported that they do
not normally prepare for visits and often forget to ask about
issues that are important to them. Furthermore, this appeared
to have a potential impact on expectations and motivation related
to participating in the upcoming visit.

Benefits of a Broad Topic Coverage of the PRO
Diabetes Questionnaire
The broad and balanced coverage of topics in the PRO diabetes
questionnaire represents the result of an extensive iterative
national multistakeholder participatory design process to achieve
a core questionnaire acceptable and useful for both people with
diabetes and HCPs in different care settings [3]. Our combined
analysis found that a broad range of topics was relevant, usable,
and perceived as beneficial either by the person with diabetes
or the HCP. In addition to topics related to general life issues
affecting diabetes, daily life with diabetes, self-management,
and blood sugar regulation issues, people with diabetes

expressed appreciation for the opportunity to speak about
symptom distress related to pain and to address distress because
of sexual dysfunction, which are topics not included in, for
example, depression and diabetes stress–specific PRO tools
[39,40]. Different PRO constructs have been shown to be
suitable for different clinical purposes, such as dialog support,
treatment decision support, screening, symptom monitoring,
outcome evaluation, and collaborative care planning [12,27,41].
Some PRO constructs are mainly used for screening, such as
hypoglycemia unawareness [42,43], cardiovascular symptoms
[44], and depression [45], whereas items about, for example,
medicine experience may be particularly useful for treatment
monitoring and support [46,47]. Items about individual priorities
and confidence in self-management can facilitate behavior
change, collaborative care, and individualized self-management
support [34,48,49].

Our study supports that it is feasible to use a PRO diabetes
questionnaire with a very broad range of topics and that the
questionnaire may generate both specific benefits related to
each PRO construct as well as related to its use as an overview
to facilitate a person-centered dialog [14]. We believe that the
high acceptability and satisfaction with the tool by people with
diabetes across diabetes type, age ranges, and different levels
of disease progression may be partly because of the broad topic
coverage, broad response options, and the use of branching
logic. Although it was a focus area for the project if the
questionnaire was burdensome, most people with diabetes
appreciated the comprehensiveness of the questionnaire and
expressed satisfaction with the experience of completing it as
it touched all the bases. People with diabetes and HCPs did not
report that any major topics were missing or that there were
topics that were irrelevant. People with diabetes and HCPs
confirmed that the scoring algorithms applied for the
color-coding responses were suitable and fit for the purpose.

Further research is warranted to investigate the importance of
a broad topic coverage to facilitate the potential therapeutic and
empowering effect of self-completing the PRO. It is possible
that PRO instruments that focus only on one or a few topics
may not provide the same support for disease insight, care
navigation, and active participation as instruments which provide
a comprehensive 360°-review of diabetes issues

Another possible benefit related to the broad topic coverage,
when compared with, for example, depression-focused diabetes
screeners, is that people with diabetes who may be doing well
emotionally are still given an opportunity to express other
priorities and issues that affect them in relation to diabetes.

HCPs noted that an important benefit of the PRO tool was
related to obtaining a structured overview of each person with
diabetes’ overall situation, which was made possible by the
comprehensive topic coverage. In a previous study, we found
that there is a need to use a broad set of PRO outcome constructs
to evaluate outcomes in diabetes as the needs of people with
diabetes vary individually and change over time [16]. Recent
standards for person-centered diabetes care also emphasize the
significance of a comprehensive whole-person orientated
evaluation of individual needs, preferences, and priorities [50].
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Our PRO tool includes 5 items specifically related to depression
and diabetes-related distress as it is important to legitimize and
prompt dialog on these often insufficiently addressed issues
[51,52]. Balancing items regarding these topics with items that
reference daily life, self-management, symptoms, blood sugar
regulation, medicine, and access to care may be important to
set balanced expectations for visits. Although only an important
minority of people with diabetes have mental health or emotional
problems [53,54], it may be advantageous to invite people with
diabetes to share their perspectives on all key aspects of care
rather than only to express emotional symptoms.

Initial Insights Regarding Evaluating the Public Health
Impact Potential of the PRO Tool
This study provides initial insights on how to evaluate the
potential public health impact of the PRO tool using the
dimensions of RE-AIM (reach, efficacy, adoption,
implementation, and maintenance) [9,55-57]. In terms of reach,
all people with diabetes found the PRO tool usable and useful,
which may reflect the fact that a large heterogeneous group of
people with diabetes was involved in all stages of its
development. In terms of efficacy, our study suggests that the
tool has the potential to improve the experience of care and

quality of diabetes visits in relation to person-centered
principles. Future research is underway to examine the
implications of the use of the tool for care quality, health, and
cost outcomes. Regarding HCP adoption of the tool, HCPs were
satisfied and interested in continuing the use of DiaProfil, and
key barriers were found that were addressed by tool design and
facilitation support. Further research is required to identify and
address perceived barriers and facilitators to HCP adoption in
a larger group of HCPs reflecting different disciplines and health
care settings [14,25,58,59]. Implementation with adequate
fidelity was established as possible by both physicians and
nurses in our study. In terms of the PRO tool’s potential to
become a permanent part of routine practice, that is,
maintenance, we were encouraged by all people with diabetes
expressing they felt that the PRO tool should be a part of
standard of care without the need for further development.

Overall Implications and a Conceptual Model
Figure 3 shows an initial conceptual model to illustrate the
hypothesized facilitators, barriers, and impacts related to the
use of the PRO tool based on our combined data. This model
will be expanded and improved as further and broader clinical
and exploratory research is undertaken to incorporate a broader
range of experiences, facilitators, barriers, and impacts.

Figure 3. Conceptual working model for hypothesized processes and impacts for the use of the patient-reported outcome diabetes tool in a routine
diabetes visit. HCP: health care professional; PRO: patient-reported outcome; PWD: people with diabetes.

The first stage of reflection and improved disease- and
self-insight and motivation facilitated by the questionnaire
completion by people with diabetes were found to be important
to the study participants and suggest the potential for the
intervention to facilitate diabetes-related empowerment [4,5,20].

Both people with diabetes and HCPs reported that people with
diabetes were more actively engaged as a result of PRO. In this
pilot study, HCPs used the PRO tool without detailed
protocolized steps for agenda-setting, shared decision-making
[60], goal-setting, or action-planning [61], so the visits involved
a learning experience where they each identified relevant
strategies to use.

The anticipated beneficial impact of the PRO tool for people
with diabetes relates to confidence in diabetes management

[62], self-efficacy [63] and empowerment [4,5,20,64], self-care
behaviors [65], improvements to health and diabetes-related
outcomes [16], and broader humanistic and societal outcomes
[66] resulting from derived impacts.

HCPs appreciated gaining a structured insight into the lived
experience of diabetes among people with diabetes, which
facilitated reflection and allowed them to provide more
personalized care. The PRO tool facilitated the introduction of
daily life and psychosocial issues to achieve a comprehensive
biopsychosocial review of the person with diabetes’ situation.
As HCPs achieve self-efficacy for the use of PRO with their
patients, there is a potential to experience improved work
satisfaction and fulfillment. Given the utility of a wide range
of topics, we believe the PRO tool has a particularly high
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potential for improving the individualization of treatments and
use of a wider set of support resources in accordance with what
can benefit individuals with diabetes the most, thereby
potentially promoting better self-management, outcomes, and
use of resources.

The DiaProfil tool was specifically designed to facilitate
person-centered chronic illness care [67,68] and enable
coordinated self-management and psychosocial support for
people with diabetes across health settings. As part of the
formative evaluation, we found that the PRO tool is helpful in
raising awareness and use of a broader range of services such
as diabetes education, social services, and other specialist care.
Although the HCPs in this study used open-ended questions
when using the PRO tool, this may not always be the case.
Additional research is needed to evaluate how variations in the
use of person-centered communication by HCP may impact the
effectiveness of PRO and whether there may be differential
impacts on vulnerable patient groups affected by factors such
as low health literacy, low socioeconomic status, and social and
psychological challenges [15]. Further research is specifically
needed to examine the mechanisms for and potential benefits
of using the PRO tool to strengthen navigation support for
people with diabetes and coordination of care across sectors
[69].

An important additional aim of the PRO diabetes tool is to
improve care by monitoring outcomes that matter to people
with diabetes for value-based care [16,25,70]. During the
formative evaluation of the PRO tool, people with diabetes have
been enthusiastic about the prospect of using the PRO tool
evaluation to monitor progress and changes over time, and the
functionality is built-in. Follow-up studies are underway to
examine how and to what extent the use of the PRO data as
outcomes can facilitate improvements in care.

Limitations and Strengths
Our results should be examined while considering that this was
a formative pilot study of the first viable version of the digital
PRO tool, DiaProfil, before it was fully finalized for clinical
use. This pilot study has important limitations: the study was
not designed to provide empirical evidence for clinical
effectiveness, and there was no attention control group, so it is
not possible to rule out bias because of social desirability or
effects related to study participation and added attention [71].

The small number of people with diabetes and HCPs limits the
basis for generalization; even so, purposive sampling provided
a good basis for examining experiences from a group of people
with diabetes, which was diverse in terms of age, gender, type
of diabetes, duration, treatment, and disease progression.

The 4 HCPs were previously involved in the design of the PRO
tool, which limits the generalizability of their experiences.

Further research is required to evaluate the adoption and
implementation by a diverse group of PRO-naïve HCPs in
different health care settings.

Despite these limitations, our use of purposive sampling,
multi-informant, and mixed-methods data analysis provided an
opportunity to show the robustness of our core findings. Further
research is required and planned based on the detailed findings
in the study to examine the impacts of, facilitators of, and
barriers to effective and integrated standard use of our PRO
diabetes tool on a larger scale in different health care settings
[25]. Additional questions incorporated in our future study
include questions relating to the perceived benefits of PRO
among people with diabetes for self-management, care quality,
and treatment outcomes, and HCPs’ confidence and skills in
use of PRO in a person-centered manner and perceptions of
impact of PRO on stress and work satisfaction.

Conclusions
This is the first study to show the feasibility, acceptability, and
perceived benefits of using the Danish PRO diabetes
questionnaire and the DiaProfil tool in a routine diabetes care
setting. We found that people with type 1 and type 2 diabetes
in different age groups found the digital PRO diabetes
questionnaire relevant, acceptable, easy to use, and as having
good coverage of relevant topics. Both people with diabetes
and HCPs found the digital PRO tool, DiaProfil, feasible,
appropriate, and value-adding for use in routine diabetes care.
The PRO tool helped improve the preparation and active
engagement of people with diabetes and improved the quality
of the dialog in line with the objectives of the PRO tool. Filling
out the PRO questionnaire had a positive effect on a subgroup
of people with diabetes by facilitating self-reflection and better
visit preparation, which also contributed to readiness for talking
about needed but difficult issues with the HCPs. HCPs were
able to use the PRO tool in a person-centered manner and were
satisfied with its functionality. Minor issues and challenges
were identified, which were addressed as part of the
participatory development process for the PRO tool related to
some people with diabetes having a high number of PRO topics.
Adjustments were made to the PRO tool to address these issues.

In conclusion, we found that our newly developed PRO diabetes
tool, consisting of the national PRO diabetes questionnaire and
the digital PRO tool DiaProfil, was acceptable to people with
diabetes and HCPs, provided clinically useful dialog and
decision support to HCPs, facilitated active participation of
people with diabetes, and overall improved the perceived quality
of diabetes care visits. Further large-scale, comparative, and
controlled research is now warranted to examine its potential
for large-scale implementation and positive public health impact.
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author.
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Abstract

Background: Digital registries have been shown to provide an efficient way of gaining a better understanding of the clinical
complexity and long-term progression of diseases. The paperless method of electronic data capture (EDC) during a patient
interview saves both time and resources. In the prospective multicenter project “Digital Dementia Registry Bavaria (digiDEM
Bayern),” interviews are also performed on site in rural areas with unreliable internet connectivity. It must be ensured that EDC
can still be performed in such a context and that there is no need to fall back on paper-based questionnaires. In addition to a
web-based data collection solution, the EDC system REDCap (Research Electronic Data Capture) offers the option to collect
data offline via an app and to synchronize it afterward.

Objective: The aim of this study was to evaluate the usability of the REDCap app as an offline EDC option for a lay user group
and to examine the necessary technology acceptance of using mobile devices for data collection. The feasibility of the app-based
offline data collection in the digiDEM Bayern dementia registry project was then evaluated before going live.

Methods: An exploratory mixed method design was employed in the form of an on-site usability test with the “Thinking Aloud”
method combined with an online questionnaire including the System Usability Scale (SUS). The acceptance of mobile devices
for data collection was surveyed based on five categories of the technology acceptance model.

Results: Using the “Thinking Aloud” method, usability issues were identified and solutions were accordingly derived. Evaluation
of the REDCap app resulted in a SUS score of 74, which represents “good” usability. After evaluating the technology acceptance
questionnaire, it can be concluded that the lay user group is open to mobile devices as interview tools.

Conclusions: The usability evaluation results show that a lay user group generally agree that data collecting partners in the
digiDEM project can handle the REDCap app well. The usability evaluation provided statements about positive aspects and could
also identify usability issues relating to the REDCap app. In addition, the current technology acceptance in the sample showed
that heterogeneous groups of different ages with diverse experiences in handling mobile devices are also ready for the use of
app-based EDC systems. Based on these results, it can be assumed that the offline use of an app-based EDC system on mobile
devices is a viable solution for collecting data in a decentralized registry–based research project.

(JMIR Form Res 2021;5(11):e31649)   doi:10.2196/31649
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Introduction

Patient registries have proven to be valuable tools for public
health surveillance and research studies [1]. In these organized
databases, observational study methods are used to collect
uniform data and to evaluate specified outcomes for a defined
population [2]. As an alternative to paper-based data collection,
electronic data capture (EDC) systems have become established
in registries in recent years [3]. In particular, EDC systems with
web-based data collection tools have been widely accepted as
the state-of-the-art approach in multicenter studies [4,5]. Such
systems offer several advantages, including time and cost
savings [6,7] or higher data quality [8-10] such as through
plausibility checks during data entry. However, to make the
most of these benefits, the EDC system must be designed for
usability and tailored to the user’s preferred method of data
collection [11].

To successfully integrate an EDC system into a registry-based
research project, it is essential to coordinate the system
requirements and usability with future users in advance [12,13].
Therefore, the usability of a system is critical to the success of
interactive applications in health care [11]. Only a system that
users see as fit for purpose has a better chance of being accepted
and used in the long term [14,15]. In the fields of eHealth
[16,17] and mobile health [18-20], user-centered usability
studies are widely used to identify problems in systems.
Although Schmier et al [21] already demonstrated the practical
applications of usability theory for EDC systems in clinical
trials in 2005, usability studies in EDC-based registry research
are still comparatively rare [22].

The project “Digital Dementia Registry Bavaria (digiDEM
Bayern)” [23] aims to establish a multicenter, prospective,
longitudinal dementia registry. The data collection process is
organized with a decentralized approach, including staff from
different types of outpatient counseling and caring institutions
distributed across Bavaria (Germany). Data collection often
takes place in rural areas in the homes of people with dementia,
where internet access is patchy or unavailable. In these cases,
the project will gather electronic data offline using mobile
devices and the app of the EDC system known as REDCap
(Research Electronic Data Capture) [24,25].

Thus, the objectives of this study were to evaluate the usability
of the REDCap app as an option for offline electronic data
collection and to examine whether the target user group has the
necessary technology acceptance for data collection using
mobile devices. This study should help to identify potential
barriers and evaluate the feasibility of the REDCap app in a
registry study with a large number of distributed nonexpert data
collection partners and the need for offline on-site data
collection.

Methods

Setting
To foster dementia research, the registry project digiDEM
Bayern [23] collects data from people with mild cognitive
impairment or mild-to-moderate dementia and their family
caregivers over a period of 3 years throughout all seven
administrative districts of Bavaria. The findings will help to
improve the living conditions of people with dementia and their
caregiving relatives, especially in rural areas of Bavaria.

In the digiDEM project, data collection for the registry is carried
out by approximately 300 so-called “digiDEM partners,” who
are employees (such as nursing assistants and home health aides)
from, for example, community counseling bodies, memory
clinics, daycare facilities, or outpatient care organizations
distributed across Bavaria that counsel or care for people with
dementia and family caregivers. During face-to-face surveys
involving interviews of people with dementia and their
caregivers, the digiDEM partners enter various types of
information [23], including data about diagnosis, cognitive
trajectories, behavioral and psychological symptoms, and the
care situation, into a web-based EDC system (REDCap).
However, owing to the lack of mobility or poor health of people
with dementia [26,27], conducting the survey at the digiDEM
partner’s facility is not always possible. In these cases, the data
must be gathered in the homes of people with dementia. Given
the fact that access to the internet in Germany decreases with
age (64.4% at age 73-78 years, 39.4% at age 79-84 years) and
when people are living in rural areas [28,29], there is no
guarantee that the digiDEM partners can use an existing on-site
internet connection for the web-based EDC system while
undertaking the survey at participants’ homes.

System Description
In digiDEM, we use REDCap as our EDC system [24]. REDCap
is a secure, web-based software platform designed to support
data capture for research studies. In addition to the direct
web-based data collection, REDCap offers the option of
collecting data offline via the REDCap mobile app. The data
can be synchronized to the central registry database subsequently
[30]. REDCap has been adopted by more than 5265 partners in
142 countries since its initial development at Vanderbilt
University [31].

In our usability evaluation, the app was used “out of the box”
as offered by REDCap. The rendering style of the app was
retained at the default setting “New render form.” Other than
the current German language pack “German (DE)” being
activated, no further adjustments were made to the REDCap
app. The app is provided in English by default; however, there
is an option to activate a language file to translate the user
interface. Unfortunately, the German language files do not yet
cover a full user interface translation (for some screenshots, see
Multimedia Appendix 1). Therefore, some system messages
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are still in English, such as the synchronization report or error
messages caused by missing values for mandatory fields. The
questionnaire and project’s own customized warning messages
for plausibility checks can be created in the REDCap designer
function and are displayed in German.

Material
Participants were provided with a tablet (Apple iPad Air 2 with
iOS 13.7) to carry out the predefined tasks. The REDCap app
(version 5.9.6) was preinstalled on the tablet and a dummy
registry project with the test questionnaire for the usability study
was set up. A user account was set up in advance for the
participants. The test questionnaire contains a subset of questions
from the original digiDEM questionnaire [23]. When designing
the questionnaire, care was taken to use all field types that had
also been used in the digiDEM questionnaire (textbox,
drop-down list, radio buttons, multiple-choice checkboxes, date
field). Some questions were linked by means of branching logic
only to appear if the previous question was answered with a
defined value. A plausibility warning message was also included
to monitor the participants’ reactions to such warnings.

Study Design
We performed a mixed methods study in our usability evaluation
with an exploratory sequential design [32]. The qualitatively
driven study (known as “Quant->qual”) started with a “Thinking
Aloud” [33] component, followed by the standardized
quantitative System Usability Scale (SUS) usability
questionnaire. To also examine participants’ attitudes toward
the mobile device–based data collection, a questionnaire based
on the technology acceptance model (TAM) was applied. The
study was performed over 4 weeks in October 2020.

Using a mixed methods approach, we were able to triangulate
several data sources and hence consider the research question
from different perspectives [34]: participants’ thoughts,
demographic data, and structured questionnaires. Combining
data from qualitative and quantitative methods can balance the
strengths and offset possible limitations of the respective method
[17], provide a more comprehensive understanding of evidence
[35], and help researchers investigate the usability as
comprehensively as possible [36,37].

Test Procedure

Design
The test procedure consisted of two sequential independent
parts, as illustrated in Figure 1. In the first part, qualitative data
were collected using the Thinking Aloud method. In the second
part, quantitative data were obtained using an online
questionnaire.

We pretested the test procedure with four scientific project
members to determine its suitability for obtaining rich data to
address the proposed research objectives. Furthermore, technical
and operational problems were addressed so that they could be
excluded during the test.

Before starting the test procedure, the participants were informed
about the app’s purpose and the test procedure. A demonstration
video was produced in advance and shown before the test to
familiarize participants with the Thinking Aloud method. In
addition, a test manual was created, including all questions (for
the participant) and answers (for the simulated patient) for the
tasks in the test survey (Multimedia Appendix 2). To ensure
that participants had sufficient information to perform the tasks,
they received a brief in-person tutorial on using the REDCap
app (Multimedia Appendix 3).

Figure 1. Overview of the systems and methods used during the test procedure. SUS: System Usability Scale; TAM: technology acceptance model;
REDCap: Research Electronic Data Capture.

Qualitative Data Collection
Quantitative usability questionnaires cannot provide precise
information about why a participant has rated usability in a
particular way, and no direct usability problems can be derived
from these responses [37]. Therefore, we used the Thinking
Aloud method as a user-centered design approach to derive
qualitative statements [38]. There is a potential risk of the
participant forgetting to simultaneously express their thoughts
while solving a task [39]. If a researcher actively intervenes and

asks them to explain their thoughts, this can distract the
participant’s attention or modify their thought processes. This
interference can be seen as a kind of experimenter bias, which
can strongly impact the reliability and validity of the qualitative
data [40,41]. Therefore, the research team ensured as little
interference as possible within the Thinking Aloud process [11].
Participants were simply reminded to keep talking if they
stopped verbalizing their thoughts. Other, more intrusive types
of probes to gather even more useful information were not used.
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For the Thinking Aloud test, a digiDEM on-site interview
situation was simulated. The participant had to enter the data
into the app while interviewing people with dementia. The
interviewee was simulated by a research assistant and was the
same person for all participants. In the test survey, the
participant had to complete three predefined tasks in the
REDCap app. The tasks increased in complexity and represented
realistic examples of tasks in the digiDEM data collection
pathway. The first task required offline data collection in the
form of a baseline interview, which included questions such as
“What is your marital status?” or “Is there a medically confirmed
diagnosis of dementia?” (Multimedia Appendix 1). The
participant then had to upload the offline collected data to the
server (synchronization) in the second task. In the final task,
the participant conducted a follow-up interview.

Quantitative Data Collection
After completing the three tasks, the participant had to fill out
an online questionnaire by means of the SoSci Survey tool [42],
which consisted of sociodemographic data, the SUS [43], and
a detailed TAM questionnaire (Multimedia Appendix 4).

The sociodemographic part included three closed questions on
age, gender, and experience with technical devices. The SUS
is a standardized scoring questionnaire that ensures a valid and
reliable measurement for usability [44,45]. It provides usable
results even with a smaller sample [46]. The German version
of the SUS questionnaire was used in this study [47].

To rule out the possibility that a dismissive attitude toward
mobile devices for data collection leads to poor usability, we
evaluated technology acceptance based on the TAM. According
to Davis [48], two factors are crucial for determining technology
acceptance: perceived usefulness and perceived ease of use.
Although the TAM is a well-established instrument for
determining technology acceptance in health care [49],
according to Holden and Karsh [50] and Ammenwerth [51], the
model could benefit from modifications by taking into account
external influencing variables in the health care environment.
To account for this possibility, we included three further
categories. The category “anxiety” was added [52] since some
users experience anxiety when they are asked to use a new
system [53]. The second category added was “social influence”
[54]; this was added because digiDEM partners often work
together in teams at their institution, and therefore the social
environment could have an impact on acceptance [55,56]. Third,
since the successful use of technology depends heavily on
adequate organizational and technical infrastructure and support,
the category “facilitating conditions” was also included [57].
Therefore, our TAM questionnaire contained five categories
(perceived usefulness, perceived ease of use, anxiety, social
influence, and facilitating conditions), each evaluated on a
5-point Likert scale. Each category was investigated by way of
multiple items (Multimedia Appendix 4).

Participants and Recruitment
We took care that the sociodemographic characteristics of the
sample were as broadly distributed as possible to guarantee
validity and trustworthiness of the qualitative data [58,59]. In
particular, all age groups needed to be included in the sample,

as age can significantly affect the usability rating [60,61]. For
the sample selection, the digiDEM partners were first divided
into subgroups based on the type of facility in which they
worked: community counseling bodies, support groups,
flat-sharing communities, daycare facilities, outpatient care
organizations, geriatric rehabilitation facilities, and research
institutes. From each subgroup, 1-2 participants were recruited
randomly using balanced randomization.

We estimated requiring a minimum sample size of 12
participants based on our test procedure for a proper usability
evaluation. Because the Thinking Aloud method provides a rich
source of qualitative data [11], even a small sample
(approximately 8 participants) is sufficient to understand the
task behavior [62] and to identify the main usability problems
[63]. For quantitative data, Tullis and Stetson [46] observed
that even with 12 participants, the SUS questionnaire produced
the same results as a larger sample in at least 90% of the cases
studied.

Inclusion and Exclusion Criteria
Participants in the study were selected from digiDEM partners
who will eventually carry out the data collection as part of the
digiDEM project. There were no limitations based on age,
profession, or experience with information technology. Because
digiDEM partners who have already gained experience with
the REDCap app or another EDC system had to be excluded,
we did not include memory clinic facilities that had participated
in an earlier study.

Data Analysis

Qualitative Data Analysis
The qualitative evaluation of the Thinking Aloud results was
based on content analysis. Therefore, the participants were
filmed while performing the tasks and a screen capture video
of the tablet was recorded. All recordings of the Thinking Aloud
test were transcribed verbatim and analyzed according to the
structured content analysis method developed by Mayring [64].
The software MAXQDA (Version 2020 Plus) was used to
transcribe the recordings and analyze data.

To ensure the trustworthiness of the qualitative data, we
followed the checklist drawn up by Elo et al [65]. Accordingly,
we started with a preliminary content analysis after the first
participants had completed the test procedure. Two researchers
(MR, MH) independently coded four interviews. To increase
reliability, coders differed in age, gender, and professional
background [64,66]. The participants’ statements were divided
into the following main categories: “positive aspects,”
“suggestions for improvement,” and “problems.” In line with
the Zapf taxonomy of errors, the category “problems” was
subdivided into either “functionality problems” or “usability
problems” [67]. Functionality problems refer to the mismatch
between the task being carried out and the app (eg, an error
occurring while data are being uploaded), whereas usability
problems refer to the mismatch between the user and app (eg,
the app does not fit the user’s expectation because the logout
button is only found on the landing page) [68,69].
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Subcategories for the main categories were defined during the
analysis. This category system served as the basis for coding
the remaining transcripts. Given the descriptive nature of the
data, additional subcategories emerged during coding. This
process continued until saturation of the category system was
achieved [58]. In a second run, a complete back check of the
designed structure was performed. Finally, to increase
trustworthiness, the entire research team reviewed the analysis
process and categorizations in terms of researcher triangulation
[70]. Differences in the coding were discussed and resolved by
mutual agreement [71].

Because issues in the category “usability problems” mainly
influence software usability, these statements were weighted
by two independent researchers (MR, MH) according to the
severity rating formulated by Nielsen [62,63]. The severity
rating scale ranges from 0 to 4, where 0 means “I don’t agree
that this is a usability problem at all” and 4 means “Usability
catastrophe: imperative to fix this before product can be
released” [62]. Major issues should be given higher priority
because they can impact data quality, satisfaction, and
functionality [22]. As Nielsen did not specify a method for
calculating an overall severity score, we calculated an issue’s
severity score by multiplying the severity rating by the number
of mentions.

Quantitative Data Analysis
The SUS was evaluated using Brooke’s evaluation scheme [43].
Therefore, the weighting of the answers (1=strongly disagree
to 5=strongly agree) was recoded. For positively worded
questions, the most negative answer option (strongly disagree)
was weighted with a 0 and the most positive answer (strongly
agree) was weighted with a 4. For negatively worded questions,
the coding was the exact reverse. All values per subject were
summed and multiplied by 2.5. Thus, a value ranging from 0
(worst imaginable usability) to 100 (best imaginable usability)
was achieved, ensuring the values’ comparability [43]. The

boxplot form was chosen to present the data distribution based
on the results of the TAM questionnaire in a standardized
manner. All statistical calculations were performed with SPSS
(Version 26.0) software.

Ethical Statement
Before this study, approval was obtained from the institutional
review board, the Committee on Research Ethics of the
Friedrich-Alexander-University Erlangen-Nürnberg (Germany),
following all applicable regulations (346_20 Bc). Informed
consent was obtained in writing from all participants beforehand.
Participation in the study was voluntary and no incentives were
offered for participating.

Results

Participant Characteristics
In total, 12 participants took part in our usability study (6 men
and 6 women). The participants were distributed over different
types of institutions: community counseling (2), support groups
(1), flat-sharing communities (1), daycare facilities (2),
outpatient care organizations (2), geriatric rehabilitation facilities
(2), and research institutes (2). The age of the participants
covered all five age groups: 18-24 years, 25-34 years, 35-44
years, 45-49 years, and >60 years (Table 1).

When asked about experience with mobile devices (personal or
professional), 10 out of 12 participants mentioned experience
with a smartphone, half of the sample had experience using
tablets, and one participant had no experience with any of the
listed devices (Table 1).

None of the participants had any experience in EDC systems
or registry-based research studies. These were medical assistants,
nursing assistants, home health aides, and volunteer assistants,
with caring for or counseling people with dementia and family
caregivers as their primary role.

Table 1. Characteristics of the participants: age group, gender, and device experience.

Total (N=12), nMen (n=6), nWomen (n=6), nCharacteristics

Age group (years)

10118-24

42225-34

11035-44

53245-59

101>60

Device experience (private or professional)

1046Smartphone

642Tablet

844Desktop-PC

936Laptop

110None
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Thinking Aloud Test

Overview
The time it took participants to complete the three tasks in the
REDCap app varied from 19 to 27 minutes. The coding of the
Thinking Aloud method transcripts resulted in a total of 160
statements coded, including 44 positive aspects, 57 suggestions
for improvement, 50 usability problems, and 9 functionality
problems (all statements were counted individually). The coded
transcript can be found in Multimedia Appendix 5.

Positive Aspects
A total of 44 positive statements could be identified. As shown
in Table 2, these were categorized into six subcategories
(grouped by participants).

Seven out of 12 participants were optimistic about the app’s
learnability and navigation: “Once you’ve done it a couple of
times, you’re good with it” or “At the beginning, I was a bit
confused...but now I understand it better already.” One research
partner described the first steps from logging in to collecting
data as “so even for me so far, foolproof.” Another positive
aspect was the app’s feedback function for the project’s own
built-in plausibility checks and warning messages: “Yes, that
is also very helpful in any case, that you get the error message
right away.” Feedback from the system such as receiving green
symbols after successful saving of the questionnaires gave the
participants a sense of security: “Yes and now it’s green. So, I
assume that everything is saved.” In addition, some participants
described the app as “clearly designed” and “well structured.”

Table 2. Distribution of the subcategories for “positive aspects.”

Participants, nSubcategory (positive aspects)

7Learnability

7Navigation

6Feedback

5Instructions

4Design

3Structure

Functionality Problems
Two functionality problems were identified that were seen as
most important. The first occurred while synchronizing the data
collected offline. Two participants were unable to transfer the
data. One participant commented: “‘Stop sending modified
records to server’ [warning message in REDCap]—okay, let’s
see what’s wrong. This should not happen, right?” Because the
detailed description of the problem was in English, the
participants could not solve it themselves. The problem arose
because no data synchronization had occurred before the data
collection. Therefore, the project in the app must be
synchronized before the offline survey is carried out to prevent
an interruption. The second problem became evident in the third
task. The participant was supposed to conduct a follow-up
interview in the record of the baseline interview (task 1).
However, the participant created a new record and collected the

follow-up interview data for a new study participant. The
REDCap app should not offer this option as it requires further
action to link the data to the existing data set from the baseline
interview.

Usability Problems
Special attention was paid to the category “usability problems,”
mainly influencing the app’s usability. A total of 50 statements
were categorized into 6 subcategories. Table 3 shows the
usability problems, sorted by the severity score, which resulted
from multiplying the severity rating by the number of mentions.

The REDCap app offers the option of translating the app’s
interface using a language file. Nevertheless, not all terms have
yet been translated into German. Some error and warning
messages from the system are still in English, such as the
message that appears when a user leaves a questionnaire without
first saving it (Figure 2).

Table 3. Categories of usability problems and the derived importance discovered in the test.

Severity scoreNumber of mentionsSeverity ratingUsability problem

1863Language

1243Feedback

1262Perceived offer character

842Inconsistent interaction design

771Navigation

551Knowledge error
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Figure 2. Screenshot of the REDCap app with a mix of German and English.

One participant was critical of the increased time required to
interpret the English language: “I must ensure that I manage
my time well and therefore I can’t constantly think about what
that means.” The mixing of German and English bothered two
users and resulted in some confusion: “It’s still a bit confusing.
A few times it’s in German, then again in English. You have to
switch quickly in your mind.” It is noticeable that the language
barrier was complained about by participants from the two
youngest age groups, who also achieved a lower SUS score.

The lack of information given to users about what is happening
in the app (“feedback”) led to confusion during the survey and
delayed task processing: “So here I’m not sure how to proceed.”
This also led to uncertainty such as with regard to whether or
not the synchronization task was successful: “For me, it’s
unfortunately not apparent whether the data has been uploaded
or not.” It is noteworthy that this usability problem only affected
the participants who had no experience using tablets.

Participants were sometimes unaware of a function behind an
interactive element such as a button (“perceived offer
character”). For example, after logging into the app, the user
must actively select a project to collect data, even if the user
had been authorized only for one project. One participant
described this situation as follows: “Next I go to ‘My Projects’
[4 second pause] Okay, the button’s missing, or I’m really
having a blackout.” Especially in the older age group (45-59
years), buttons not being recognized as functions was a recurring
problem.

In some situations, the participants expected a different function
based on the design (“inconsistent interaction design”). The
field type “date” was especially challenging for four participants.
As shown in Figure 3, the “date” field offers both a calendar
icon and a textbox. However, the date could only be selected
by clicking on the calendar icon. Four participants needed
several attempts to select the correct date because the date field
behaved differently from previous input fields.

Figure 3. Screenshot (in English and German) of a question with the field type "date".
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Although many participants appreciated the navigation in the
app, they felt some navigation procedures to be too complicated
(“navigation”). In particular, the pathway to logging out of the
app was felt to be too cumbersome to find: “So how do I get
out of here now?” Some usability problems were also caused
by knowledge gaps (“knowledge error”): “How do I see what
survey date I’ve chosen?”

Suggestions for Improvement
Some participants immediately provided suggestions for
improvement after pointing out a problem. A total of 57
suggestions for improvement were identified, which were
categorized into 5 subcategories (grouped by participants). Eight
out of 12 participants suggested more explicit feedback,
especially when synchronizing data during the second task:
“Just a confirmation, for example, a pop-up message ‘Date
successfully transferred,’ that I know I can go back.” Seven
participants requested a “notes” field to collect additional data:
“I would find it helpful to have the option to make notes
quickly.” REDCap offers the function “field notes,” but it was
not intuitive for the participants to find. Furthermore, 4 of the
8 participants would have found it more intuitive if they could
have gone directly to the next question using the enter key: “For
me, it would be helpful that it then jumps to the next question.”
In addition, 5 out of 12 participants suggested an easier way to
log out: “Simple ‘logout’ would have been clearer.” Four

participants proposed a more flexible option for language
selection, either to switch entirely to German or to have more
language options for colleagues whose native language is neither
German nor English: “I also have colleagues who speak German
but come from another country. So maybe another translation
is necessary.” Moreover, 3 out of the 12 participants suggested
more color tones and graphic highlighting in the design. Another
participant would have preferred an indication of the progress
of data collection: “for example, ‘You have completed 18 of 20
survey forms’.”

Identified Implications and Recommendations
Based on the usability problems found and suggestions for
improvement, we identified implications and recommendations
(Table 4). While analyzing the video and screen recordings, we
observed that many of the usability problems led to uncertainty
among participants, also resulting in delays in the survey
process. In addition, this may cause data to be partially collected,
or in the worst case, an interview could be cut short.

There are short-term solutions that the project team can provide,
such as targeted user training for the identified issues or
providing a test environment for users to familiarize themselves
with the system. There is also long-term optimization potential
that should be addressed by REDCap’s developers, such as
including a user expertise-based help option within the app.

Table 4. Identified problems of the usability test, and short- or long-term solutions.

Long-term optimization (by the developers)Short-term solution (by the project)Problem

Usability problems

Simplified language selection; complete translation, in-
cluding system messages and synchronization report

User training; provide a document with translations and
explanations; check and adjust existing REDCap language
file

Language

User expertise-based helpUser training; provide a test systemFeedback

Optimization of user interfaceUser training; provide a test systemPerceived offer character

Enable input by typing or hide input field; provide key-
board type based on the field type (eg, numeric key-
board)

User training; provide a test systemInconsistent interaction
design

Simplification of navigation (eg, log out)User training; create a short paper-based how-to guideNavigation

User expertise-based helpUser training; provide filling out instructions directly in
the questionnaire

Knowledge error

Functionality problems

Sending notifications on the device in case of nonsyn-
chronized records

User training; include a note at the end of the questionnaire
to regularly synchronize the records

Data synchronization

Optimized visit overviewUser training; create a short paper-based how-to guide for
follow-up interviews

Follow-up interview

SUS Questionnaire
The overall SUS score of the REDCap app was 74. According
to the Bangor classification, this represents “good usability”
[44]. The SUS scores for each participant are shown in Table
5. The rows represent the recoded data of individual SUS
questions and the columns refer to the individual participants.
The highest value was 90 and the lowest value was 55.
Participants from the oldest and the second-youngest age groups
rated the app with “excellent” usability (SUS=90). Participants

with experience using a tablet achieved an average SUS score
of 75.8, compared to 72.9 for participants who did not have
tablet experience.

The majority of participants indicated that they would use the
REDCap app frequently (8 of 12 participants). Furthermore, 8
participants found the app easy to use. Ten out of 12 participants
could imagine that most people can quickly learn to use
REDCap. Concerning the need for technical assistance in using
the app, the results indicated good usability, as 10 of the 12
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respondents disagreed or strongly disagreed that help was
needed. Nevertheless, half of the participants felt the system
was unnecessarily complex and 5 participants disagreed with

the statement about feeling confident using the app. None of
the negatively worded questions received a “strongly agree”
rating.

Table 5. Detailed System Usability Scale (SUS) scores for each participant (N=12).

SUS
score

TotalMean
(SD)

Participant number (age group, years)SUS item

P12
(45-
59)

P11
(>60)

P10
(45-
59)

P9
(25-
34)

P8
(35-
44)

P7
(25-
34)

P6
(25-
34)

P5
(45-
59)

P4
(45-
59)

P3
(45-
59)

P2
(18-
24)

P1
(25-
34)

87.535.02.91
(0.79)

443324332322I think that I would like
to use this system fre-
quently

82.533.02.75
(1.13)

341444321232I found the system un-
necessarily complex

82.533.02.75
(0.86)

333323412423I thought the system
was easy to use

90.036.03.00
(1.04)

341334413433I think that I would
need the support of a
technical person to be
able to use this system

92.537.03.08
(0.79)

433423342423I found the various
functions in this system
were well integrated

85.034.02.83
(0.75)

331433324242I thought there was too
much inconsistency in
this system

97.539.03.25
(0.75)

434223434433I would imagine that
most people would
learn to use this system
very quickly

10040.03.33
(0.77)

444433423432I found the system very
cumbersome to use

80.032.02.66
(1.07)

344323421312I felt very confident us-
ing the system

95.038.03.16
(0.83)

444333424232I needed to learn a lot
of things before I could
get going with this sys-
tem

N/AN/AN/Aa353628332633362226322624Total

N/AN/AN/A87.5907082.56582.5905565806560SUS score

aN/A: not applicable.

Technology Acceptance Questionnaire
An extended TAM was used to evaluate how the participants
accept mobile devices for data collection. From a maximum
75-point scale (15 questions multiplied by the highest response
value of 5), the participants scored an average of 60.5 points
(SD 7.3). The number of items collected in the questionnaire
was reduced to the following underlying factors that determine
the items’ average scale value: perceived ease of use, perceived
usefulness, social influence, facilitating conditions, and anxiety.
The boxplot in Figure 4 shows the distribution of the technology
acceptance categories. The perceived usefulness of mobile

devices was rated as very high by participants (mean 4.58),
indicating that they consider mobile devices to be helpful in
their work, as these enable faster processing of tasks and make
work easier. The category anxiety met with the lowest approval
(mean 2.94), which indicates that the participants have little
concern about using mobile devices and are not afraid to use
them for their work. The largest heterogeneity in responses (SD
0.82) was found in the category social influence, which implies
that the participants tend to receive different recommendations
on the use of mobile devices from their work colleagues and
that some supervisors support the use of mobile devices while
others do not.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e31649 | p.130https://formative.jmir.org/2021/11/e31649
(page number not for citation purposes)

Reichold et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 4. Distribution of the Technology Acceptance Model categories.

Discussion

Principal Results
The success of a registry depends on the quality of the data
collected. Most registry studies use pilot testing to evaluate the
correct implementation of the questionnaires used in the EDC
system. A usability evaluation of whether users can cope with
the EDC system in the intended environment is often ignored.
This is even more important because usability problems can
affect whether an app is ultimately adopted or abandoned
[11,72].

Most of the digiDEM partners had not yet had any experience
in registry research. They are therefore considered to be “lay
users,” as they are neither familiar with registry research studies
nor using an app on a mobile device for data collection.
Conventional EDC systems are intended to be used by
professional registry research staff at a clinic site [22]. In
addition, there are numerous differences between web-based
and app-based data collection that can affect usability, such as
smaller displays with adjusted interfaces and different input
devices on mobile devices or different workflows due to data
synchronization. In longitudinal studies such as digiDEM
Bayern, it is essential to adhere as closely as possible to the
specified survey dates to guarantee the study’s timeliness and
validity [21]. To avoid waiting until a patient returns to a
particular facility or environment, offline on-site data collection

via a mobile app provides a valuable tool for more effective
decentralized registry studies.

Our usability evaluation helped us to identify issues that could
affect the usability of offline data collection with the REDCap
app (Table 4). With the help of the participants’ thought
processes during the Thinking Aloud test, it was possible to
gain a more nuanced understanding of participants’ behaviors,
intentions, and expectations. Therefore, we were able to uncover
usability issues even after participants had successfully
completed a task. Participants also made suggestions for
improvement to increase efficiency and data quality. The three
most significant usability issues were the language barrier, lack
of feedback, and unperceived nature of the procedures the app
offered. Although these are not critical problems, they do limit
usability.

The language by which a system communicates with a user can
have a major influence on usability [22,73]. For the efficient
use of an EDC system, inexperienced users should especially
be able to use their native language. The language could affect
the acceptance of a system, as shown in other studies [74,75].
Participants’ statements in our study confirmed this. In contrast
to English system messages, messages in German (eg, those
arising from self-designed plausibility checks) were perceived
as positive by the participants. Bearing this in mind, a complete
translation of the app should lead to an increased SUS score (ie,
a higher rating of the usability of the REDCap app).
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In their study about the impact of usability on software design,
Juristo et al [73] found further usability issues that were also
addressed by our participants, such as “feedback.” Insufficient
feedback from the REDCap app, identified as a usability issue
by some participants, made participants feel insecure.

All field types used in the questionnaire should be tested,
especially when using nontext-based items such as date selection
fields or visual scales [76]. To ensure that users are able to
complete the study questionnaire, these nontext-based items
must be as usable on the tablet as regular text-based items.

The data synchronization process was identified as a major
functionality usability problem. Uploading the data collected
offline was also noted as problematic in a study of
implementation strategies for the REDCap app by McIntosh et
al [77]. The developers of REDCap acknowledge [30]: “Sending
data is, at present, a complicated process.” Since the app does
not automatically upload the collected records as soon as an
internet connection is available, the user must actively start the
process. This can lead to unsynced data and data loss in the
worst case. Therefore, the process and its importance must be
explicitly explained and trained.

Among the positive aspects of the qualitative usability
evaluation, learnability was particularly highlighted. The
participants who were not experienced in handling mobile
devices became more familiar with the app and the tablet from
task to task. The results of the quantitative SUS questionnaire
confirmed the positive statements. For example, learnability
was also one of the highest-rated items in the SUS. Given the
widespread use of the SUS, a comparison with existing SUS
study results is possible [78]. With a SUS score of 74, the
REDCap app’s usability is above the average SUS score of 68,
which was calculated from the results of around 500 studies
[44].

Good usability cannot always predict the likelihood of future
use, as other factors may also play a role. For example, anxiety
can lead to a system being perceived as not easy to use, even if
it has been designed to be user-friendly [54]. It is essential to
ensure that future users accept an app on a mobile device for
data collection before introducing such technology. In addition
to the costs involved, less user acceptance of the technology
can lead to less frequent use [79] and lower performance [80].
For these reasons, eliciting feedback from data collectors is
essential to avoid jeopardizing success in a registry project.
Considering that many studies have problems reaching their
target number of participants [81,82], a lack of technology
acceptance or usability issues should not additionally lead to
lower numbers of participants. The results of our TAM
questionnaire support the findings of the Thinking Aloud test
and the SUS questionnaire that the REDCap app and tablets
will be accepted and used by the user group examined here. The
two categories “perceived usefulness” and “perceived ease of
use” were rated highly. “Anxiety” can also be ruled out as an
obstacle to using the technology. Only in the area of “social
influence” would broader support be desirable. Here, the lack
of digitization at some institutions is a likely variable [83,84].

By evaluating the usability and acceptance of app-based offline
data collection at an early stage in our project, we were able to

identify usability problems that need to be considered when
introducing such a data collection method. As Qiu and Yu [85]
have shown, the results of the Thinking Aloud test can be used
not only to evaluate usability but also to determine the training
needs of novice system users. We were able to confirm this with
our findings (see Table 4). Based on the identified issues,
individual training measures focusing on certain issues could
be generated. Furthermore, setting up a test environment should
help reduce participants’ feelings of insecurity before an initial
survey.

Comparison With Prior Work
The advantages of a system with good usability, such as
enhanced efficiency and user acceptance, less training effort,
or higher data quality, are indisputable [11,86]. However,
usability evaluations are rarely used for EDC systems in clinical
and registry research. Welker [87] identified numerous barriers
and solutions during the implementation of EDC systems
without explicitly addressing the usability issue. McIntosh et
al [77] described an implementation strategy of mobile
technologies for data collection using the REDCap app in survey
research projects. The primary focus of their study was the
technical feasibility of the offline data collection process rather
than its usability. There are also guidance documents in place
[88] or under development [89] that address the requirements
and issues of EDC in clinical trials. However, usability is not,
or only briefly, mentioned in these guidelines.

Only a few studies such as those by Ndlovu et al [90] and Dunn
et al [91] have compared the usability of the EDC system
REDCap to other data collection methods such as paper-based
or Microsoft Excel/Access. Due to the limitation of using only
a quantitative questionnaire, they could not identify specific
usability issues in their studies. To our knowledge, there are no
other studies that feature a usability evaluation of the REDCap
mobile data collection using a qualitative-driven mixed methods
approach. This also allowed us to identify specific usability
problems.

Walden et al [22] recently took a different approach, suggesting
that it is useful to perform a usability study while EDC tools
are still being developed to improve the usability of such
systems from the start. Nevertheless, the results of our work
suggest that registry studies with already developed EDC
systems can benefit from usability evaluations with respect to
the individual registry requirements and the particular health
care setting.

Limitations
Three limitations of the study should be acknowledged. First,
the sample size (N=12) could be seen as too small for
meaningful assessments to be extrapolated. Even though larger
samples are usually recommended for quantitative studies, Tullis
and Stetson [46] and Nielsen and Landauer [92] have shown
that the SUS questionnaire and usability tests can deliver
meaningful results even with 12 participants. Furthermore,
Nielsen [93] and Faulkner [94] confirmed that a small sample
of test subjects is sufficient to apply the Thinking Aloud method
as part of a usability test. Compared to other studies, similarly
large sample sizes could provide valid results [95]. The sample
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size also depends on how many different platforms are evaluated
[61]. Therefore, it can be assumed that 12 participants was a
suitable sample size for this study.

Second, participation in the study was voluntary. In this case,
only participants who had experience with mobile devices or
technically interested participants can be presumed to have
participated in the study. As shown by the participants’
characteristics (Table 1), only half the sample had experience
using tablets. This ratio corresponds to the German average
[96]. One participant had no mobile device experience at all.
However, it cannot be ruled out that usability could be rated
more highly in a sample of participants who are familiar with
mobile devices.

Third, the usability testing was laboratory-based. We replicated
a real scenario [97] for all participants by simulating the context
and the interviewing of people with dementia. Simulating an
interview partner is essential for systems that use branching
logic, where the order of the questions is determined by the
interview partner’s answer [98]. Nevertheless, it cannot be
excluded that the app’s usability during actual interviews of
people with dementia might differ from our results [21].

Conclusions
Offline registry data collection can be made more efficient
through EDC systems, but attention must be paid to the usability

of these systems. Despite the widespread use of usability tests
in the health care and app environment, usability evaluations
in the field of electronic data collection in registry-based
research have so far remained scarce. Our study shows that it
is profitable to conduct a usability evaluation of the EDC system
considering future users and the project environment. Using a
mixed method approach, we identified positive and negative
aspects regarding the usability of an EDC app for offline data
collection. By addressing these aspects, the registry project
digiDEM Bayern can avoid pitfalls and realize the benefits of
EDC systems, even in areas where using web-based EDC
systems is not viable due to unreliable internet connectivity.
The out-of-the-box use of the REDCap app resulted in a good
usability rating, which can be further improved by addressing
the identified issues by means of user training of digiDEM
partners and improvements on the part of REDCap’s developers.
The technology acceptance in the sample showed that
heterogeneous groups of different ages with varying experiences
in handling mobile devices are open to the use of app-based
EDC systems. Based on these results, it can be assumed that
the offline use of an app-based EDC system on mobile devices
is a viable solution for collecting data in a registry-based
research project.
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Abstract

Background: Additional interventions are needed for survivors of psychological trauma because of several barriers to and
limitations of existing treatment options (eg, need to talk about the trauma in detail). Case studies are an important step in exploring
the development of novel interventions, allowing detailed examination of individual responses to treatment over time. Here, we
present a case study that aims to test a novel intervention designed to disrupt memory reconsolidation, taking a single-symptom
approach by focusing on intrusive memories of a traumatic event.

Objective: This study aims to examine a novel brief cognitive intervention to reduce the number of intrusive memories of
trauma in an Icelandic setting and to extend previous studies by examining long-term effects for up to 3 months. The intervention
was guided by a clinical psychologist and comprised a brief memory reminder, followed by Tetris gameplay with mental rotation,
targeting one memory at a time in each session.

Methods: This was a single case study in Iceland with a woman in her 50s (drawn from an epidemiological study of trauma)
with subthreshold posttraumatic stress disorder and a diagnosis of obsessive-compulsive disorder and social anxiety disorder.
The participant had four different intrusive memories from a traumatic event that happened in her childhood. The primary outcome
was the change in the number of intrusive memories from baseline to intervention phase and to follow-ups. The number of
intrusions was monitored in a daily diary for 4 weeks preintervention, 8 weeks during the intervention, and 1 week at 1-month
and 3-month follow-ups. Intrusions were targeted one by one over six intervention sessions, creating four repetitions of an AB
design (ie, length of baseline A and intervention phase B varied for each memory). We examined changes in both the total number
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of intrusions (summed across all four memories) and individually for each memory. In addition, we explored whether having
fewer intrusive memories would have an impact on functioning, posttraumatic stress, and depression or anxiety symptoms.

Results: The total number of intrusions per week was 12.6 at baseline, 6.1 at the intervention phase (52% reduction from
baseline), 3.0 at the 1-month follow-up (76% reduction), and 1.0 at the 3-month follow-up (92% reduction). Reductions in the
symptoms of posttraumatic stress and depression were observed postintervention. Sleep, concentration, stress, and functioning
improved. The participant considered the gameplay intervention acceptable and helpful in that she found that the memories
disappeared while she was playing.

Conclusions: This guided brief cognitive intervention reduced the number of intrusive memories over the intervention phase
and follow-ups. The brief memory reminder was well tolerated, removing the need to discuss trauma in detail. The next steps
require an extension to more cases and exploring remote delivery of the intervention.

(JMIR Form Res 2021;5(11):e29873)   doi:10.2196/29873

KEYWORDS

psychological trauma; intrusive memories; case report; visuospatial interference task; Tetris gameplay; mental imagery; mobile
phone

Introduction

Background
Psychological trauma (eg, disasters, accidents, or interpersonal
violence) is experienced by most people at some point during
their lifetime [1,2]. Many individuals who have been exposed
to trauma (approximately 1 in 4) go on to develop posttraumatic
stress disorder (PTSD) [3,4]. The core clinical symptom of
PTSD is intrusive memories related to traumatic events [1,5].
Other symptoms of PTSD include avoidance of stimuli
associated with trauma, along with negative alterations in
cognition, mood, arousal, and reactivity [1]. Approximately
half of those diagnosed with PTSD do not spontaneously recover
within 40 months of diagnosis [6]. PTSD, even when
subthreshold, is associated with substantial distress, functional
impairment, and comorbidities [1,7]. Although many patients
respond well to current PTSD treatments, approximately
one-third of patients who enter psychological treatment for
PTSD still meet the diagnostic criteria for the disorder following
treatment [8].

Current evidence-based treatments for PTSD include
individualized trauma-focused cognitive behavioral therapy
interventions and eye movement desensitization and
reprocessing [3,8]. However, there are some limitations to
existing psychological treatment options for PTSD, including
the limited number of qualified therapists, geographic distances
to such clinical expertise (eg, in rural areas), high cost of
treatment, and stigma being a barrier to individuals seeking
treatment [9]. Dropout rates from PTSD treatment are high,
approximately 18% overall (ranging from 0%-48%) in clinical
trials and are thought to be even higher in clinical practice
outside of clinical trials [10-12]. Furthermore, only a minority
of those who need PTSD treatment receive it [13]. The common
denominator in existing treatment options is a requirement for
patients to recall and talk about the traumatic experience in
detail, which many trauma survivors are reluctant to do [9].
Many therapists are also reluctant to deliver trauma-focused
therapies, such as prolonged exposure, because of fear of
exacerbation of symptoms or concerns with patient dropout
[12].

Another barrier to treatment is the lack of service provision [9].
Iceland, for instance, is one of many countries that lack the
mental health services capacity to offer treatment to all trauma
survivors. New, briefer approaches that reach more people or
can be delivered to remote places in geographically dispersed
countries via the internet are needed [9]. Moreover, people who
do not meet the full diagnostic criteria for PTSD are typically
unable to access existing services, meaning that treatments for
trauma survivors with subthreshold but impairing symptoms
are needed.

Overall, these limitations and barriers create the need for
additional complementary approaches to current treatments.
One option that has been suggested is to focus on reducing one
single, tractable symptom (here, the core clinical symptom)
rather than a full diagnosis of PTSD [5,14]. Intrusive memories
(ie, criterion B1 as defined in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [DSM-5]) are
repeated and unwanted memories of scenes from a traumatic
event, and they are predominantly visual [15-17]. They can
evoke the same emotions experienced during the traumatic event
[16] and often have a sense of nowness, that is, as if they are
happening in the present rather than in the past [15]. Intrusive
memories can cause significant distress and interfere with
everyday functioning, making them an important target for
treatment [17].

A relatively simple and brief intervention to reduce the number
of intrusive memories after trauma has recently been developed,
building on principles from cognitive science [14,18,19]. It is
in line with calls to develop new therapeutic approaches for
PTSD, such as those that target memory reconsolidation [20].
The intervention comprised a brief memory reminder for a
specific intrusive memory of trauma, practice in mental rotation
(ie, actively playing the game by rotating the blocks in one’s
mind; for further details, see Holmes et al [21], chapter 11),
followed by Tetris gameplay with mental rotation for 25
minutes, guided in person by a researcher.

Initial work toward clinical translation was for recent memories
of trauma [22-24]. For older, intrusive memories of trauma, the
effect has been explored using case study and case series
approaches [19,25,26]. Kessler et al [19] conducted a case series
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of inpatients (n=20) with complex PTSD and trauma memories
from childhood. The intervention comprised a memory reminder
(here, writing a brief description of the memory, then shredding
it) followed by Tetris gameplay with mental rotation for 25
minutes for one intrusive memory at a time. Memories (here,
many different memories) were targeted one by one, that is,
each intrusive memory in a different session, and memories
were tracked individually in a diary. The results showed that
targeting a specific intrusion was followed by a drop in the
frequency of that intrusion (some to zero). The frequency of
targeted intrusions reduced by 64% overall from baseline to
postintervention, whereas the frequency of nontargeted intrusive
memories reduced by 11%.

Kanstrup et al [25] adapted the intervention for a new target
group—people who were refugees (n=4) and used it to target
already established trauma memories such as of war. The
memory reminder used here was a brief list of intrusive
memories (ie, hotspot sheet) where participants were asked to
briefly describe in a few words the imagery content of their
intrusions, either by writing it themselves or by telling the
researcher what to write. The intervention was delivered in a
community setting, such as a library. All 4 participants showed
a decrease in the number of intrusive memories (again targeted
one by one) after the intervention and reported improved
functioning. For example, participant 1 had a decrease from 10
memories at baseline to 0 after the first intervention week, and
for participant 3, the 28 memories at baseline decreased to 14
after the first intervention week.

Study Design and Aims
Given the small-scale but promising results of this
single-symptom intervention approach for older memories of
trauma, we were interested in adapting it for women with a
trauma history in Iceland. Thus, in this case study (n=1), we
aim to investigate the effects of the intervention adapted to
Iceland for a woman from a population-based sample
experiencing intrusive memories of childhood trauma, delivered
with guidance from a clinical psychologist and seen in a
university research setting. Importantly, we aim to extend the
previous literature testing this intervention by including a
significantly longer follow-up period than previous studies (ie,
1 month and 3 months postintervention) to examine whether
effects are maintained in the long term.

When evaluating the efficacy of novel interventions and refining
intervention protocols, single-case designs are a crucial step
[27,28], giving researchers the chance to examine individual
variability over time [29]. The N-of-1 trials are also gaining
popularity as modern medicine moves toward individualized
patient-centered care [30]. Typically, a replication of AB
(ABAB) is considered necessary to establish intervention effects
[27]. However, Kanstrup et al [25] argued that a classic ABAB
design was not optimal for evaluating this specific intervention
as, unexpectedly, the effects lasted after one intervention session
and did not rebound (ie, could not be reduced again, as assumed

by a classic ABAB). Kanstrup et al [25] instead recommended
a within-person multiple baseline AB design, as in the study by
Kessler et al [19]. In this approach, if a person has more than
one different intrusive memory, then each specific intrusive
memory is targeted one at a time, with separate intervention
sessions allowing focused assessment of the effect of each
intervention on each memory over time. This is the design
adopted in this study. However, to avoid confusion with other
case series designs (such as those with multiple randomized
baselines), we refer to this design as a repeated AB design.

We predict that our participant (here with four different intrusive
memories of trauma) would report fewer intrusive memories
(primary outcome) during the intervention phase than in the
preceding baseline phase and that the reduction in the number
of intrusions would be maintained at the 1-month and 3-month
follow-ups. We also aim to explore whether having fewer
intrusive memories would be associated with improvements in
general functioning and reductions in symptoms of PTSD,
depression, and anxiety (secondary outcomes). In addition, we
aim to explore the feasibility and acceptability of the
intervention (similar to Holmes et al [31]).

Methods

Participants
Women who took part in a substudy of the
stress-and-gene-analysis (SAGA) cohort study were screened
for eligibility. The SAGA cohort study is a population-based
longitudinal cohort study of Icelandic women who completed
an extensive questionnaire on trauma history and mental health
(baseline data collection finished on July 1, 2019). The substudy
(the Social Trauma Project) involves comparing two samples
of women from the SAGA cohort study with either likely PTSD
(ie, having a score on the PTSD Checklist-5 [PCL-5; see the
Measures section] of ≥33) or not likely PTSD (ie, scores in the
lowest one-fifth on the PCL-5), using clinical interviews. When
taking part in the substudy, two semistructured interviews were
administered (ie, the Mini International Neuropsychiatric
Interview [MINI], also used to assess the exclusion criteria for
this study, and the Clinician Administered PTSD Scale [CAPS];
see the Measures section). When taking part in the substudy,
women were screened for the presence of intrusive memories
of trauma. The screening included a short description of the
symptom, followed by questions about the presence of the
symptom to assess their eligibility for this study. A total of 4
women from the substudy who provided consent to be contacted
regarding additional research were assessed for inclusion in this
case study. A total of 3 women did not meet the inclusion criteria
(CONSORT [Consolidated Standards of Reporting Trials]
diagram in Figure 1). The included participant was a woman in
her 50s who had four different intrusive memories from a single
traumatic event involving physical violence in childhood (ie,
occurring around four decades previously).
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Figure 1. Adapted Consolidated Standards of Reporting Trials participant flow diagram for this study. SAGA: Stress and Gene Analysis.

The inclusion criteria were as follows: (1) having experienced
criterion A trauma as defined by DSM-5 [6]; (2) having at least
one intrusive memory that occurs at least three times per week
for the last 4 weeks; (3) being able and willing to attend three
to eight sessions with the researcher; (4) being able and willing
to monitor intrusive memories in daily life; (5) having access
to a smartphone; and (6) being able to speak Icelandic and read
study materials in Icelandic. Exclusion criteria were as follows:
(1) current psychotic disorder; (2) current manic episode; and
(3) being acutely suicidal. Exclusion criteria were assessed with
the MINI.

The participant reported clinically significant past-month PTSD
symptoms from physical violence experienced in childhood,
with a total symptom severity score of 22 of 80 on the CAPS
and missing one symptom in the E cluster to meet full diagnostic
criteria (had five symptoms in cluster B, two in cluster C, three
in cluster D, and one in cluster E). This assessment took place
2 months before participation in this study as part of the
substudy of the SAGA cohort using the CAPS (see the Measures

section). The participant also met criteria for social anxiety
disorder and obsessive-compulsive disorder according to the
MINI diagnostic interview (see the Measures section). The
participant received psychological treatment in the past for
problems related to work but had never received trauma-related
psychological treatment. She reported not taking any
psychotropic medication in the 3 months before taking part.

Design
This single case study took a specific single-symptom probe
approach, whereby each of the four intrusive memories was
targeted one at a time in different sessions [19]. Critical to this
approach, the participant distinguishes the content of their
different intrusive memories (here, for four intrusions, eg, (1)
red curtain, (2) man’s face, (3) blood on floor, and (4) closed
door; these examples are fictitious to protect anonymity) and
tracks the frequency of each intrusion over time. We describe
this design here as a repeated AB design, wherein the length of
baseline (A, preintervention; monitoring only) and intervention
(B) phases varied across each of the four intrusive memories,
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depending on when each memory was targeted. The baseline
phases for each individual memory are used as control periods
to compare their numbers before and after being targeted by the
intervention.

The number of each intrusive memory was monitored in a daily
diary for 4 weeks preintervention, over 8 weeks of the
intervention, and then for 1 week at the 1-month and 3-month
follow-ups, that is, the participant monitored the occurrence of
her intrusive memories in a daily diary before each intervention
session to establish a baseline level of intrusion. This baseline
phase was intended to be 1 week; however, the diary was kept
for 4 weeks, as the participant was not able to meet with the
researcher when planned. The intervention phase lasted 8 weeks
rather than 6 weeks, as planned for the same reason. However,
the participant did monitor the frequency of her intrusive
memories in these extended periods, and we included all the
data in the analyses. The daily diary was kept again for 1 week
at the 1-month and 3-month follow-ups.

The participant’s four different intrusive memories were targeted
one by one over six intervention sessions guided by a clinical
psychologist who specialized in trauma-focused cognitive
behavioral therapy. The design thus involved four repetitions
of an AB design. In addition to the six guided sessions, the
participant could also self-administer the intervention at any
time after the first session if she so chose for memories already
targeted in the session. The primary outcome was the change
in the number of intrusive memories from baseline to the
intervention phase and to long-term follow-ups (1 and 3
months). The participant also completed self-report measures
for PTSD, depression and anxiety symptoms, and functional
impairment at baseline, the last intervention session, and the
1-month and 3-month follow-ups.

Procedure

Training
To promote adequate intervention delivery and protocol
adherence, the researcher delivering the intervention (JPH, a
licensed clinical psychologist and specialist in trauma therapy)
received training and clinical supervision from experienced
researchers or clinical psychologists who had expertise in
delivering the novel intervention (EAH and MK). Training
included two in vivo workshops for 3 days and then
approximately 6 months later for 2 days. Workshops covered
theoretical and practical aspects of intervention delivery and
included role-plays with trainers until adequate performance
was reached. Training also included how to explain and capture
the primary outcome measure (intrusive memory diary). During
data collection, the researcher received continued supervision,
adherence checks, and support regarding any adaptations
necessary from a clinical supervisor via telephone after sessions
with the participant and weekly supervision meetings. The
researcher also participated in remote group training meetings
twice a month with other researchers using the intervention.

Baseline Session
In the first session, the participant answered baseline
questionnaires (relating to secondary outcomes), and the
researcher explained what intrusive memories are (ie, memories

that include sensory impressions such as sight and sound; are
predominantly visual in form, similar to pictures or a film clip
in the mind’s eye; and are distressing and occur involuntarily).
The participant identified her different intrusive memories by
briefly describing them to the researcher using only a few words
to indicate their visual content; the researcher wrote the
description on a hotspots sheet that was clearly visible to the
participant. The participant did not talk about the trauma with
the researcher or about the intrusive memories in detail. The
participant labeled each of her intrusive memories with a symbol
(ie, first memory labeled A and second memory labeled B) and
was instructed on how to monitor the daily frequency of them
in a diary (primary outcome measure). When indicating
experiencing a memory, the participant noted the symbol
corresponding to that specific memory in a specific time frame
of that day. Each diary included 7 days and four periods each
day (see the Measures section).

Intervention Sessions
In each of the intervention sessions (six sessions), the participant
selected one memory at a time to target that week and completed
the intervention procedure, guided by the clinical psychologist.
The intrusion selected first can be the one that is most
troublesome or frequent or one for any other reason the
participant wishes to try reducing first. The intervention
consisted of a brief memory reminder (ie, briefly thinking about
the intrusive memory to bring the image to mind without it
becoming emotionally overwhelming; this approach is different
from the memory reminder used by Kessler et al [19]). After
the memory reminder, the participant was trained in mental
rotation, followed by Tetris gameplay for 25 minutes with an
emphasis on mental rotation (see Holmes et al [21], chapter 11).
The Tetris gameplay was delivered with the videogame Tetris
DS in the Nintendo DS, set to marathon mode and ghost piece
off, on a 10.1-inch screen. Between sessions, the participant
was invited to self-administer the intervention using a Tetris
app [32] on her smartphone, that is, to repeat the intervention
for already targeted intrusions (instructed to play in the same
way as in session when the intrusion came to mind
involuntarily). Only one intrusion was targeted per session;
when the next intrusion was targeted, the participant again (not
the therapist) selected the memory to target. At the start of the
last intervention session, the participant also completed the
secondary outcome measures.

Follow-up
At the 1-month and 3-month follow-ups, the participant recorded
the number of intrusions in the diary daily for 1 week and
completed secondary outcomes. All data were recorded on a
laptop computer using the REDCap (Research Electronic Data
Capture) database, an encrypted electronic software, and stored
on secure servers [33]. At the 1-month follow-up, the participant
was in quarantine because of the COVID-19 pandemic, and
thus, all follow-up measures were administered remotely through
the REDCap platform; see the Procedure section.
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Measures

Eligibility Assessments (Part of the SAGA Cohort
Substudy)
The CAPS-5 is a 30-item semistructured interview used to assess
symptoms of PTSD from physical violence in childhood and
symptom severity in the past month, according to the DSM-5
[1]. Each item is scored on a 5-point Likert scale (0=mild or
subthreshold; 4=extreme or incapacitating) with a threshold
symptom rating of 2 (ie, moderate) for a possible diagnosis.
Frequency and intensity of each symptom were assessed and
rated separately. The CAPS-5 has excellent internal consistency
(Cronbach α=.88) and test-retest reliability (0.83), along with
good convergent validity (0.83 [34]), making it a useful tool
for diagnosing PTSD.

The MINI is a structured diagnostic interview that assesses axis
1 psychiatric disorders according to the DSM-4. The MINI has
been shown to have good sensitivity and specificity for most
diagnoses [35]. Interrater and test-retest reliability has been
shown to be good, with kappa values in the high to very high
range (κ=0.79-1.00 [36]).

Primary Outcome Measure
The intrusive memory diary was adapted from previous studies
[22,25]. Each diary included a daily pen-and-paper record of
four timeframes per day (morning, afternoon, evening, and
night) for 7 days. Instructions on how to use the diary included
a definition of intrusive memories of trauma as mental images
(in the form of pictures or a film clip in the mind’s eye) that are
distressing and occur involuntarily. The participant was
instructed not to record voluntary thoughts or verbal thoughts
about the trauma without sensory content. The participant
monitored the occurrence of her intrusive memories in a daily
diary for 4 weeks before any intervention sessions, for 8 weeks
while intervention sessions were administered, and again for 1
week at the 1-month and 3-month follow-ups. Throughout this,
the participant noted which of the four different memories each
intrusion was, allowing us to examine changes in each memory
individually. The primary outcome was the change in the
number of intrusive memories from baseline to the intervention
phase and to long-term follow-ups (1- and 3-month follow-ups).

Secondary Outcome Measures
PTSD symptoms were assessed with the PCL-5, a 20-item
self-report scale used to assess the severity of PTSD symptoms
in the past month from physical violence in childhood,
corresponding to the DSM-5 criteria for PTSD [34]. Each
symptom is rated on a 4-point Likert scale (0=not at all;
4=extremely). The PCL-5 has strong internal and test-retest
reliability, with good convergent and discriminant validity [37].
The Icelandic translation of the PCL-5 had excellent internal
consistency in the SAGA cohort study (α=.95). Assessment of
clinical significance is not yet clear for the PCL-5; however, a
score of 33 is likely to correspond to a DSM-5 PTSD diagnosis,
and a score of ≤24 posttreatment is likely to represent clinically
significant change [38].

Depression symptoms were assessed with the Patient Health
Questionnaire-9 (PHQ-9), a nine-item self-report measure of

depressive symptoms and their severity in the prior 2 weeks
[39]. Each item is rated on a 4-point Likert scale (0=not at all;
3=nearly every day). The PHQ-9 has excellent internal reliability
(Cronbach α ranging from .86 to .89) and good test-retest
reliability (r=0.84 [39]). The Icelandic version had good internal
consistency in the SAGA cohort study (α=.89). A five-point
change in the PHQ-9 score is considered clinically significant
[40].

Anxiety symptoms were assessed with the Generalized Anxiety
Disorder-7 (GAD-7) scale, a brief self-report questionnaire used
as a screening tool for GAD symptoms and their severity in the
prior 2 weeks [41]. Each item is rated on a 4-point Likert scale
(0=not at all; 3=nearly every day). The GAD-7 has excellent
internal consistency (Cronbach α=.92) and good test-retest
reliability (r=0.83 [41]). The GAD-7 has been reported to be
useful in screening for anxiety disorders in general [42]. The
Icelandic version had good internal consistency in the SAGA
cohort study (α=.90). A four-point change in the total score is
considered clinically significant on the GAD-7 [43].

Functional impairment was assessed with the Sheehan Disability
Scale (SDS), a self-report measure designed to assess functional
impairment in the prior week across three domains: (1) work
or school, (2) social, and (3) family life [44]. These domains
are measured on an 11-point scale (0=not at all; 10=extremely).
The scale was adjusted to assess functional impairment
associated with intrusive memories. This scale has been shown
to have good psychometric properties [44]. A three-point change
in the SDS score has been used as a measure of treatment
response [45]. The Icelandic version has good internal
consistency in clinical groups (α=.70-.84 [46]).

Self-guided adherence to the use of the gameplay intervention
in daily life was assessed with a question regarding how often
Tetris was played after experiencing an intrusive memory
(11-point scale; 0=not at all; 10=every time).

Feasibility and acceptability rating for using the smartphone
gameplay intervention was assessed with two self-rated items:
whether the participant would recommend the intervention to
a friend and whether she thought gameplay was an acceptable
way to reduce intrusive memories. Scores could range from 0
to 10, with higher scores indicating greater acceptability or
feasibility. Two open-ended questions were also asked: “How
did you feel about playing Tetris after you had an intrusive
memory?” and “Did you find the intervention helpful? If yes,
how?”

The impact of intrusive memories on concentration, sleep, and
stress was assessed with six self-rated items about the past week:
two items assessing concentration difficulties in general and
because of intrusive memories (11-point scale; high scores
indicating more difficulties); one item assessing duration of
disruption after experiencing intrusive memories (five response
options ranging from <1 minute to >60 minutes); two items
assessing sleep disturbances because of intrusive memories
(sleep in general and nightmares; 11-point scale; higher scores
indicating more sleep disturbance); and one item assessing the
degree to which intrusive memories affected stress levels (0=not
at all; 10=affected very much).
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Ratings of the general impact of intrusive memories were
obtained with two items: one assessing distress caused by
intrusive memories and the other assessing how vivid they were
in the past week, both rated on an 11-point scale (0=not at all;
10=very distressing or vivid).

Intrusion diary adherence was assessed with one item addressing
the accuracy of filling out the diary (0=not at all; 10=very
accurately).

The impact of intrusive memories on daily functioning was
assessed with two items. One question was open-ended: “How
have the intrusive memories affected your ability to function
in your daily life in the past week?” The other question was
self-rated: “Have the intrusive memories affected your ability
to function in your daily life?” (11-point scale, a higher score
indicating a greater impact on functioning).

Data Analysis

Changes in the Total Number of Intrusive Memories
The primary outcome was change in the number of intrusive
memories from baseline to the intervention phase and to
long-term follow-ups (1 month and 3 months). We first
examined the primary outcome in terms of the total number of
intrusions (before examining separately for each memory). For
this, we summed the number of all intrusions occurring across
the 4-week baseline period, then across the 8-week intervention
period, and then at each of the 1- and 3-month follow-ups. Given
that these periods differed in duration, we calculated the total
number of intrusions per week to generate a measure that was
comparable across periods. Missing data were dealt with by
excluding these time points from calculations. For example, the
baseline period was 29 days, but data were present for 22.25
days; thus, the total number of intrusions per week was
calculated as 40 intrusions/22.25 days × 7=12.6 intrusions per
week at baseline.

To examine changes over time, we calculated the percentage
reduction in total intrusions per week from baseline to the other
periods. For example, as there were 6.1 intrusions per week in
the intervention phase, this was calculated as (1−[6.1/12.6]) ×
100=52% reduction in the intervention phase compared with
baseline.

Change in the Number of Each of the Four Specific
Intrusive Memories
Next, we examined the data per intrusive memory. Here, each
intrusion acts as its own control, that is, the specific baseline

phase for each individual memory is used as a control period
to compare its number before and after being targeted by the
intervention. There is a different baseline (A) and intervention
(B) phase per memory, depending on which session it was
targeted. The percentage reduction in each intrusion after being
targeted was calculated as 1−(mean number per week during
intervention phase/mean number per week during baseline) ×
100. Percentage reductions were then calculated in the same
way for the 1- and 3-month follow-ups compared with baseline.

Other Symptoms and Functioning
We also used a descriptive approach to investigate whether there
were clinically significant changes over time in the overall
symptoms of PTSD, depression, anxiety, and functional
impairment.

Ethics Statement
The study was approved by the National Bioethics Committee
of Iceland (Number VSNb2017110046/03.01). The participant
provided written and informed consent. All sessions followed
a written protocol. No adverse events were reported by the
participant.

Open Science Statement
This single case study was not preregistered but precedes and
is similar to the design and procedures of a case series (n=5)
that we later registered on ClinicalTrials.gov (NCT04209283)
on December 4, 2019. All anonymized summary-level data are
reported in this manuscript. Study materials may be made
available upon reasonable request with an appropriate materials
transfer agreement with University of Iceland. It should be noted
that the delivery of this intervention requires extensive training
and supervision (see the Procedure: Training section).

Results

Overview
The participant had four different intrusive memories that were
all predominantly visual and tracked each intrusion over time.
All her intrusive memories were from a single traumatic event
that took place roughly four decades before participation. All
four intrusive memories were targeted with the intervention at
different time points during the intervention phase (Figure 2).
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Figure 2. Graph for visual inspection of primary outcome data (total number of intrusive memories) on the y-axis as total per day. Days since enrollment
is shown on the x axis, which includes baseline (gray), intervention (white), and follow-up periods (light gray). Dashed colored vertical lines show when
each intervention session was administered and which specific memory (memories A, B, C, or D) was targeted (eg, session 1; memory A in green).
Memories are labeled in the order of when they were targeted (eg, memory A was targeted in the first intervention session). Solid black vertical lines
show the 1-month and 3-month follow-ups. Gaps in the time series in the baseline and intervention periods reflect the missing data (for each specific
intrusive memory data, see Figure 3).

One memory (memory A) was targeted three times (reported
as the most distressing and frequent by the participant), and the
other memories were targeted once. The participant readily
understood the instructions given and successfully completed
the intervention sessions and procedures. Intrusive memory
diary data were missing for days 8-12 and 21-22 during the
baseline phase and for days 40-41, day 49, days 57-63, and day
71 during the intervention phase; the diary was fully completed
at follow-ups. Most missing diary data were because of extra
days passing in between sessions, that is, when the participant
had completed their current diary (covering a period of only 1
week) but had not received their next diary. No attempt was
made to retrieve data for the missing days. In total, the diary

was completed successfully for 82% (81/99 days) of the study
period.

Primary Outcome

Change in the Total Number of Intrusive Memories
Across the 4-week baseline period, the total number of intrusions
was relatively stable and approximately 12.6 per week (summed
across all four memories). This number reduced to 6.1 per week
across the 8-week intervention phase (52% reduction from
baseline), to 3.0 per week at 1-month follow-up (76% reduction),
and to 1.0 per week at the 3-month follow-up (92% reduction;
Table 1).

Table 1. Number of intrusive memories per week at baseline, intervention, 1-month follow-up, and 3-month follow-up, and relative reduction (in
percentage) from baseline for total intrusions and for each memory separately (n=1).

Reduction (%)3-month fol-
low-up (number
per week)

Reduction (%)1-month follow-up
(number per week)

Reduction (%)Intervention (B;
number per week)

Baseline (A;
number per
week)

Intrusions

921.0763.0526.1012.6Totala

741.0741.0462.03.8Memory A

10001000860.53.6Memory B

1000591.0591.02.4Memory C

1000281.0261.01.4Memory D

aTotal intrusions are not equal to the sum of the intrusions for each memory. This is because the length of the baseline and intervention phases differ
across memory and the total. See the Data Analysis section for more details on how these numbers were calculated.

Figure 2 displays the total number of intrusive memories per
day (summed across all four intrusive memories) throughout
all phases. Visual inspection indicated that after the second
intervention session, the total number of intrusions reduced.
The number of intrusive memories remained relatively stable

between sessions 2 (day 43) and 5 (day 73) when a further drop
in frequency was evident, maintained at the 1-month follow-up,
and then continued to drop further at the 3-month follow-up.
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Change in the Number of Each of the Four Specific
Intrusive Memories
Figure 3 displays the frequency of each intrusive memory during
all phases (baseline, intervention, and 1-month and 3-month
follow-ups). All four intrusive memories dropped in number

per week after being targeted, that is, reductions of 46%, 86%,
58%, and 26% for memory A, B, C, and D, respectively, from
their specific baselines to intervention periods. Three of the four
intrusions were eliminated completely at the 3-month follow-up
(Table 1).

Figure 3. Graph for visual inspection of the number of intrusive memories (on the y-axis as number per day) for each of the four specific intrusive
memories reported by the participant (memories A, B, C, and D). Days since enrollment is shown on the x-axis, which includes baseline (gray),
intervention (white), and follow-up periods (light gray). Different baseline and intervention lengths for each memory reflect that this is a repeated AB
design. Dashed colored vertical lines show when each intervention session was administered and which specific memory was targeted (eg, session 1:
memory A in green). Memories are labeled in the order of when they were targeted (eg, memory A was targeted in the first intervention session). Solid
black vertical lines show the 1-month and 3-month follow-ups. Gaps in the time series in the baseline and intervention periods reflect missing data.
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Memory A was targeted in intervention sessions 1, 2, and 5 at
the participant’s request. Visual inspection of Figure 3 shows
a drop in frequency in the week after intervention session 1 and
a further decrease in the week after session 2. The reduction
appears to be stable at the 1-month and 3-month follow-up.
However, there appears to be an increase in frequency between
days 65 and 73, which resulted in that intrusion being targeted
again. In session 5, the participant disclosed that she had come
across a person who was present during the traumatic experience
(ie, seeing the person triggered that memory).

Memory B was targeted in session 3, and a drop in frequency
was evident in the subsequent week, which was maintained
throughout the follow-ups. A drop in frequency for memory C
was shown in the week after intervention session 1 (memory A
targeted), and the frequency reduction remained stable at
follow-up. Less changes in frequency were visible for memory

D throughout the intervention phase (targeted in intervention
session 6), whereas there was a reduction in frequency at the
3-month follow-up.

Secondary Outcomes

Ratings of Adherence and General Impact of Intrusive
Memories
Table 2 shows that the participant rated her intrusions in general
as becoming less vivid and distressing over the intervention and
follow-up phases. Ratings of self-guided adherence to Tetris
gameplay between sessions are also shown in Table 2, indicating
that it was most used during the intervention period, and
self-reported accuracy for completing the intrusive memory
diary was high throughout the study period (mean 8.25, SD
0.5).

Table 2. Ratings of adherence to intrusive memory diary and general impact of intrusive memories (n=1).

3-month follow-up1-month follow-upSession 6Session 5Session 4Session 3Session 2Session 1Item

87989898Diary accuracya

34689687Intrusions vividnessb

13458466Intrusions distressc

01425104N/AeTetris gameplayd

aHow accurately did you fill out the diary? 0=not at all; 10=very accurately.
bDuring the last week, how vivid were your intrusive memories? 0=not at all; 10=very vivid.
cDuring the last week, how distressing were your intrusive memories? 0=not at all; 10=very distressing.
dHow often did you manage to play Tetris after you experienced an intrusive memory? 0=never; 10=every time.
eN/A: not applicable.

Feasibility and Acceptability for Using a Smartphone
Gameplay Intervention
The participant rated whether she would recommend the
intervention to a friend as 10/10 (meaning she would certainly
recommend it). She also rated whether she considered gameplay
to be an acceptable way to reduce intrusive memories as 10/10
(very acceptable). When asked how she felt about playing Tetris
after she had an intrusive memory, she reported the intervention
to be “very good,” and when asked if she found the intervention
helpful, she said, “Yes, I forgot time and place and the memory
went away immediately.”

Self-report Measures on PTSD, Depression and Anxiety
Symptoms, and General Functioning
Initial high levels of PTSD symptoms (a PCL-5 score of 51)
were reduced by over half at postintervention, and the reduction

was clearly clinically significant at the 3-month follow-up, with
a score of only 6 [38]. Depression symptoms were reduced from
moderate levels (PHQ-9; 10-14) at baseline to mild (5-9)
postintervention, indicating a clinically significant change [40].
Depression symptoms were further reduced to minimal (0-4)
at the 3-month follow-up. At baseline, the participant reported
mild levels of anxiety (GAD-7; 5-10) and did not report a
clinically significant change in symptoms until the 3-month
follow-up, when her symptoms were reduced to little or no
anxiety (GAD-7; 0-4) [43]. Functional impairment (as measured
by the SDS) improved clinically significantly in the follow-up
period [45]. The score was 15 at baseline and reduced to zero
at the 3-month follow-up (Table 3).
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Table 3. Self-report measures for secondary outcomes (posttraumatic stress disorder, depression and anxiety symptoms, and general functioning) and
impact of intrusive memories on concentration, sleep, stress, and daily functioning (n=1).

3-month follow-up1-month follow-upPostinterventionBaseline interviewItem

6303551PCL-5a

28713PHQ-9b

2779GAD-7c

051515SDSd

1335Concentratione

3537General concentrationf

1224Duration of disruptiong

0235Sleeph

0264Nightmaresi

1335Stressj

0315Daily functioningk

aPCL-5: Posttraumatic Stress Disorder Checklist; scores ranging from 0 to 80.
bPHQ-9: Patient Health Questionnaire-9; scores ranging from 0 to 27.
cGAD-7: Generalized Anxiety Disorder scale-7; scores ranging from 0 to 21.
dSDS: Sheehan Disability Scale; scores ranging from 0 (unimpaired) to 30 (highly impaired).
eIn the past week, how much did your intrusive memories disrupt your concentration? 0=not at all disruptive; 10=extremely disruptive.
fIn the past week, how much difficulty did you have concentrating generally? 0=no concentration difficulty at all; 10=extreme concentration difficulty.
gWhen you had an intrusive memory, how long did it disrupt your concentration (in minutes) in the past week? 0 (<1 minutes) to 5 (>60 minutes).
hDid your intrusive memories interfere with sleep during the night in the past week? 0=not at all; 0=interfered very much.
iDid you experience any nightmares that interfered with your sleep during the night in the past week? 0=did not experience any nightmares; 10=experienced
many nightmares.
jIn the past week, did your intrusive memories affect how stressed you felt? 0=not at all; 10=affected very much.
kHave the intrusive memories affected your ability to function in your daily life? 0=not at all; 10=very much affected.

Impact of Intrusive Memories on Concentration, Sleep,
Stress, and Daily Functioning
Table 3 shows ratings of the impact of intrusions on
concentration, sleep, and stress. Critically, the impact of
intrusive memories on concentration reduced from 5 at baseline
to 1 at the 3-month follow-up, and estimated duration of
concentration disruption per intrusion reduced from 4 (30-60
minutes) at baseline to 1 (1-5 minutes) at follow-up. The impact
intrusions had on sleep reduced from 5 at baseline to 0 at the
3-month follow-up. The impact intrusions had on stress reduced
from 5 at baseline to 1 at the 3-month follow-up. The impact
intrusive memories had on the participant´s ability to function
in her daily life reduced from 5 at baseline to 1 postintervention
and was 0 at the 3-month follow-up.

At baseline, the participant responded to an open question on
how her intrusive memories had affected her ability to function
in daily life: “I don’t sleep very well, and that leads to fatigue
which interferes with my daily functioning.” In the last
intervention session, she said, “It took some energy to try not
to think about them, but they bother me very little anymore,”
and at the 1-month follow-up she reported, “I can´t concentrate
when I have an intrusive memory, but the memories don’t really
bother me anymore even though I have been in quarantine.

Usually when I am not busy that has meant more memories.”
She also said, “I have not needed to play Tetris, but it’s nice to
know that I can if I have an intrusive memory.” At the 3-month
follow-up, she responded, “They have not been bothering me
in the past weeks. It is a little uncomfortable that they may come,
but they bother me very little.”

Discussion

Principal Findings
In this single case study, we investigated the effects of a brief
visuospatial intervention designed to disrupt memory
reconsolidation, thereby reducing the number of intrusive
memories of trauma. Different intrusive memories were targeted
one by one over six sessions, guided by a clinical psychologist.
The intervention stemmed from earlier laboratory studies [18,47]
as well as clinical studies [19,25]. The total number of intrusive
memories per week (primary outcome) was approximately
halved from baseline to the intervention phase, similar to what
Kessler et al [19] found in a study involving inpatients with
complex PTSD. Of particular interest in this study is that the
reduction in the number of intrusions continued to 76% at the
1-month follow-up and to 92% at the 3-month follow-up,
meaning that three of the four intrusions were eliminated entirely
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at 3 months. This critically extends previous studies by
examining the long-term effects at 3 months postintervention
and, in this case, at least suggests that symptoms may continue
to improve in the long term rather than rebound. This is perhaps
because of the fact that the intervention is simple to use
independently once it has been learned so that the participant
can self-administer booster doses if needed.

The specific symptom probe design allowed us to zoom in on
the effect of each intervention session on each of the
participant’s four intrusive memories. All four memories
reduced after being targeted, with reductions ranging between
26% and 86% (from baseline to intervention phase). By the
3-month follow-up, only the most distressing intrusive memory
(memory A) was still present, occurring only once during the
past week. This quantitative reduction was mirrored in the
participant’s qualitative feedback, with her noting that the
intrusive memories bothered her very little at this time.

Symptoms of PTSD (subthreshold for this participant) were
reduced postintervention, and the same pattern was observed
for symptoms of both depression and anxiety. This change was
similar to the results reported by Kessler et al [19]. Interestingly,
symptoms of PTSD, depression, and anxiety continued to
decrease along with the number of intrusive memories and were
minimal at follow-up.

The intrusive memories affected the participant’s general
functioning at baseline, for example, it affected her sleep,
leading to fatigue, which affected her daily functioning. After
the intervention, her functioning improved as the intrusions no
longer interfered with her day-to-day life at the 3-month
follow-up. Her concentration improved considerably from
baseline to postintervention and further at follow-up. The
participant, in effect, gained back hours during which her
concentration was not disrupted by intrusive memories. Both
sleep and stress improved postintervention and continued to
improve at follow-up.

Importantly, the participant found the gameplay to be a very
acceptable way to reduce the frequency of intrusive memories,
similar to the Holmes et al [31] study with refugees. The
participant also indicated that the intrusive memory diary was
straightforward and not burdensome to complete. Most diary

data were successfully recorded, although some days in the
baseline and intervention phases were missing, mostly because
of extra days passing in between sessions where the participant
had not received the next diary provided in sessions.

This intervention approach (currently under development, not
evidence based), intended not to treat the whole of PTSD but
rather a single symptom, is unlike existing treatment options
and potentially removes some common barriers to them. For
example, barriers include a sparse number of qualified
psychological therapists in Iceland (particularly in rural areas)
as well as the high cost of treatment and high dropout rates,
stigma, and patients' reluctance to talk about the traumatic
experience [10-12].

This intervention removes patients' need to talk about and
describe the trauma in detail, is low cost, and because of its
simplicity, it may be delivered by nonexperts after training. It
is important to explore further how this intervention approach
can address other common barriers in existing treatments. Future
research should explore remote delivery of the intervention (eg,
communication via web-based platforms) instead of in-person
meetings [48]. This would remove geographical constraints and
make it possible to reach people even when immobilized or
isolated (eg, in quarantine because of the COVID-19 pandemic),
which is increasingly important in today’s uncertain
circumstances [49].

Conclusions
Overall, the results of this single case study indicate that the
intervention is promising, showing initial signs of effectiveness
in reducing the frequency of intrusive memories of trauma that
had occurred 4 decades ago and improving mental health and
functioning in an Icelandic setting at least for the first
participant. The intervention was well tolerated and acceptable,
and the effects of the intervention may even continue after the
intervention phase. The next step will be to examine whether
such effects extend to other participants (eg, in a case series)
and to explore remote delivery of the intervention, to explore
whether it is possible to deliver by nonclinicians, and to further
tailor the intervention to this setting based on feedback from
target users.
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Abstract

Background: As patients are discharged from the hospital more quickly, the ability to monitor patient recovery between hospital
discharge and the first follow-up clinic visit is becoming increasingly important. Despite substantial increase in both internet use
and smartphone ownership over the past 5 years, clinicians have been slow to embrace the use of these devices to capture patient
recovery information in the period between hospital discharge and the first clinical follow-up appointment.

Objective: This study aims to investigate the generalizability of using a web-based platform to capture patient recovery in a
broad surgical patient population and compare response rates for 3 different web-based strategies for delivering recovery surveys
over the perioperative period: email, SMS text messaging, and a concurrent mixed approach of using both email and SMS text
messaging.

Methods: Patients undergoing surgeries managed with an enhanced recovery after surgery pathway were asked to participate
in a web-based quality assurance monitoring program at the time of their preoperative surgery appointment. Different follow-up
methods were implemented over 3 sequential phases. Patients received Health Insurance Portability and Accountability
Act–compliant web-based survey links via email (phase 1), SMS text messaging (phase 2), or concurrently using both email and
SMS text messaging (phase 3) using REDCap and Twilio software. Recovery assessments using the established Quality of
Recovery-9 instrument were performed 4 days before surgery and at 7 and 30 days postoperatively. Generalizability of the
web-based system was examined by comparing characteristics of those who participated versus those who did not. Differences
in response rates by the web-based collection method were analyzed using adjusted models.

Results: A total of 615 patients were asked to participate, with 526 (85.5%) opting for the follow-up program. Those who opted
in were younger, slightly healthier, and more likely to be in a partnership. The concurrent mixed modes method was the most
successful for obtaining responses at each time point compared with text or email alone (pre: 119/160, 74.4% vs 116/173, 67.1%
vs 56/130, 43.1%, P<.001; 7 days: 115/172, 66.9% vs 82/164, 50.0% vs 59/126, 46.8%, P=.001; 30 days: 152/234, 65.0% vs
52/105, 49.5% vs 53/123, 43.1%, P=.001, respectively). In the adjusted model, the concurrent mixed modes method significantly
predicted response compared with using email alone (odds ratio 3.4; P<.001) and SMS text messaging alone (odds ratio 1.9;
P<.001). Additional significant predictors of response were race, partnership, and time.

Conclusions: For internet users and smartphone owners, electronic capture of recovery surveys appear to be possible through
this mechanism. Discrepancies in both inclusion and response rates still exist among certain subgroups of patients, but the
concurrent approach of using both email and text messages was the most effective approach to reach the largest number of patients
across all subgroups.
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Introduction

Background
Patients are discharged from the hospital more quickly with the
help of minimally invasive procedures, safer and shorter acting
drugs, enhanced recovery programs, and advances in patient
safety and monitoring [1,2]. There are several benefits of a
reduced length of hospital stay, including reductions in
nosocomial infections [3], opioid use, and medical expenditures
[2]. However, this also means that a larger proportion of the
patient’s recovery process is spent at home. What happens in
the short-term recovery process, that is, the time between the
time of discharge and the first clinical follow-up appointment,
can be crucial for setting the trajectory of a patient’s long-term
recovery after surgery [4].

Patient-reported outcomes (PRO) are an important component
of clinical outcomes [5-7]. The collection of PROs, especially
once a patient has been discharged, is challenging and is thus
underutilized in clinical practice [8]. Finding a practical and
affordable way to contact patients outside of a clinical setting
is challenging. Sending postal surveys leads to a large delay in
the return of information, and repeated telephone calls require
a significant amount of time and resources. A more practical
solution would be to use a web-based approach. It is estimated
that 90% of adults in the United States use the internet on a
regular basis, and 81% own a smartphone [9].

The use of this technology is at an all-time high in the United
States, but it is not often leveraged to implement short-term
postdischarge recovery monitoring programs. Patient
demographics, such as age [10], can be a barrier for inclusion
in recovery monitoring programs that use SMS-text. High
response rates have been demonstrated for these types of SMS
programs [11-13], but many of these studies did not report the
number of patients or demographics of patients who were
excluded from the intervention. Other studies that focus on
long-term recovery surveys (ie, 3 months-2 years) have found
some success with using email methods to deliver these surveys
[14,15]. However, these studies used secondary methods, such
as telephone reminders and postal questionnaires, to obtain
responses. Patients cited lack of email, lack of internet access,
infrequent email use, or browser incompatibility as reasons for
not completing web-based questionnaires [14], and response
rates have been shown to differ by race, household income, and
procedural characteristics [15].

Objectives
The ability to maximize participation and engagement to
produce generalizable and unbiased information for
quality-of-care improvement is essential. One approach that is
rarely considered is to send PRO recovery surveys through a
concurrent mixed-mode approach, which uses a combination
of simultaneous email and text messages. Thorough examination
of the generalizability and feasibility of such a system in the
short-term perioperative period has not been explored. To our

knowledge, response rates using email alone, text alone, and
this combined approach have not been directly compared in this
setting. Therefore, the primary aim of this study is to evaluate
and compare the feasibility of collecting short-term perioperative
PROs within an enhanced recovery after surgery (ERAS)
population using 3 different web-based and mobile phone
collection mechanisms—email alone, text alone, and a
concurrent mixed modes (CMM) approach.

Methods

Study Design and Participants
This project follows the Standards for Quality Improvement
Reporting Excellence (SQUIRE) guidelines. Although this
project was authorized by the institution’s Division of Medical
and Regulatory Affairs Office as part of its Surgical Quality
Improvement Program, following deidentification and extraction
of all Surgical Quality Improvement Program patient records,
data analyses were performed as part of the Surgical Quality
Data Users Group. The Surgical Quality Improvement
Program/Surgical Quality Data Users Group protocols were
approved by our institution’s review board (Committee on
Research Involving Human Subjects, CORIHS #170753-13).

The longitudinal cohort consisted of surgical patients managed
by an ERAS pathway. This quality assurance (QA) program
includes patients who are undergoing colorectal, minimally
invasive gynecology, orthopedic, plastic, lumbar spine, urology,
surgical oncology, and urogynecology-related surgeries. In
2018, the program implemented a web-based element in which
patients could opt-in and complete follow-up questionnaires
regarding their recovery after surgery. All patients who were
treated using the ERAS pathway were eligible to participate in
the follow-up portion of the QA program. Opt-in forms were
completed by the patients during their preoperative services
visit.

Survey Instrument, Software, and Distribution
We used the Quality of Recovery-9 (QOR-9) survey, which
was developed specifically to quantify overall recovery status
after surgery and anesthesia [16,17], and has been validated in
a diverse set of surgical patients both preoperatively and
postoperatively at time points ranging from 1 day to 6 weeks
[17]. REDCap (Vanderbilt University) software with Twilio
(Twilio Inc) application integration was used for the survey
distribution. Twilio is a separate third-party app that can send
text messages with survey links. We used the social exchange
theory to guide several survey design choices, such as including
a welcome message with information about patient privacy,
adding an institutional logo, using a QA-specific email address,
and ensuring that the survey was brief. Surveys were compatible
with all types of browsers and devices, and fonts and colors
were accessible to individuals who may have had a vision
impairment.

Automated surveys were programmed to be sent to patients
based on their procedure date. Surveys were sent through Health
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Insurance Portability and Accountability Act–compliant survey
links, even though surveys did not contain any protected health
information or personally identifiable information. Three time
points were chosen to administer the QOR-9 survey: 4 days
before the patient’s planned procedure date and at 7 and 30 days
after the planned procedure date. Surveys were delivered by a
different method of contact across 3 sequential phases over a
6-month time span. Patients who underwent surgery in the first
phase were preassigned to receive the surveys by email link
alone; patients who had surgery in the second phase were
preassigned to receive the surveys by a text link alone; and
patients who had surgery in the third phase were preassigned
to receive the surveys through a CMM approach, and they
received both an email link and a text link at the same time. If
participants only listed one mode of contact (ie, only email or
only smartphone number), the survey was sent to that method
of contact regardless of the preassignment. This was done to
prevent any exclusion from the QA program. Analyses were
run as per protocol analyses, with the actual method of contact
as the primary predictor in the response models.

All surveys were sent at 9:15 AM local time. One automated
reminder per survey was programmed into the REDCap software
and sent to the patients who had not responded to the original
survey within 24 hours. At the preoperative and 7-day
postoperative time points, a follow-up phone call was also made
if patients did not respond within 24 hours to the automated
reminder. All survey links expired after 3 days.

Study Variables

Method of Contact
The primary predictor of response was the method of contact.
The method of contact used to send survey links to participants
was either through email alone, SMS text messaging alone, or
through both an email and SMS simultaneously (CMM).

Outcomes
The primary outcome was response to the survey questionnaires.
Because the primary purpose of this study was to examine the
feasibility of a web-based approach to obtain recovery
information, responses were only considered positive if they
were obtained by the web-based system. Responses obtained
through telephone calls were characterized as a nonresponse.
Response variables were created separately for each time point
(preoperatively, 7, and 30 days). Generalizability (ie, inclusion)
was a secondary outcome and was defined as opting into the
follow-up program versus opting out.

Demographic Characteristics
Individual-level sociodemographic characteristics, including
age, race, ethnicity, and partnership (marital status), were
extracted from the hospital’s electronic medical record for all
ERAS QA program participants. Age was examined
continuously but was also dichotomized into <75 and ≥75 years
old. This dichotomy was chosen as previous literature describes
a noted decline in the use of web technology in individuals 75
years of age and above [18]. Partnership was defined as either
being currently married or in a partnership. The primary
language was categorized as English and non-English speaking.

Clinical Characteristics
Each element of the Charlson comorbidity index (CCI) was
collected from the electronic medical record according to the
definitions outlined in the index instructions [19]. Age was not
included in the index calculation to avoid multicollinearity. A
CCI score higher than 3 was rare; therefore, for ease of
interpretation and model stability, the index was categorized
into 4 groups: 0, 1, 2, and 3+. Additional key comorbidities,
such as depression and anxiety (defined as an active diagnosis
or depression medication within 3 months of surgery) and
chronic pain (defined as an active diagnosis or opioid
prescription within 3 months of surgery), were extracted from
the preoperative service visit records in the electronic medical
record.

Population-Level Characteristics
Zip code level factors, including inflation-adjusted median
income and proportion of residents with greater than a high
school education, were obtained from the United States Census
Bureau’s 2017 American Community Survey 5-year estimates.

Statistical Analysis
Demographics and clinical comorbidities were compared
between those who opted in and those who opted out of the
follow-up program using both univariate and multivariable
logistic regression models. Similar analyses were performed
between those who responded and those who did not at each
time point, with the method of contact as the primary predictor
of interest. All time point data were then combined for a final
multivariable model using generalized estimating equations
with an independent correlation structure to adjust for repeated
measures. Multicollinearity was present for education and
median income zip code level factors in all analyses; therefore,
only median income was used in the multiple regression models.
Sensitivity analyses were performed to address any effects that
coverage error may have on the nonresponse analyses by using
inverse probability weighting. Inverse probability weighting is
a technique used to make the response sample (ie, those who
opted in) more reflective of the original ERAS population.
Weights were calculated on the basis of the probability of
inclusion from the adjusted logistic regression model in the
generalizability analysis and applied to the opt-in population
for a weighted generalized estimating equations sensitivity
analysis [20-22].

A common concern in survey research is nonresponse bias, as
it relates to missing outcomes. One strategy used to overcome
this issue is to develop a proxy group for nonresponders, which
can be based on the continuum of resistance theory [23,24].
This theory states that late responders have similar
characteristics and outcomes as nonresponders [25]. Therefore,
we created a variable that indicated early responders (ie,
response on the first request), delayed responders (ie, response
to the 24-hour reminder), and late responders (ie, those who
responded to the telephone call) to examine nonresponse bias.
QOR-9 scores were first tested for normality. Data were not
normally distributed (Shapiro–Wilk test P<.05); therefore,
QOR-9 scores between the 3 response groups were compared
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using a Kruskal–Wallis test. Tests were performed separately
for the preoperative and 7-day postoperative time points.

Three separate Blinder-Oaxaca decomposition analyses were
performed to further characterize any differences in the
composition of the email alone group compared with the SMS
alone group, CMM compared with the SMS alone group, and
CMM compared with the email alone group. Blinder-Oaxaca
decomposition analyses were performed using STATA’s
(version 15, Stata Corp) mvdcmp command with logistic
regression. All other analyses were performed using SAS version
9.4 (SAS Institute Inc) at 95% CI.

Results

Description of Patient Characteristics
A flow diagram of the participants is shown in Figure 1. A total
of 615 patients were eligible: 526 (85.5%) opted-in to the
additional follow-up program and 89 (14.5%) either declined
or did not have an email address or smartphone. An additional
63 participants were excluded from the response analyses for
various reasons. The characteristics of the patients with ERAS
are described in Table 1.

Figure 1. Flow diagram of enhanced recovery after surgery participants. Patients who opted in (n=526) and those who opted out (n=89) were compared
in the generalizability analyses. Those who opted in and were not excluded for other reasons were examined in the response analyses (n=463). Those
who responded after the phone call were not considered responders in the primary response analysis because they did not use the web-based tool to
respond; instead, these individuals were included as late responders in the Quality of Recovery score analyses that examined nonresponse bias within
outcomes.
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Table 1. Demographic and clinical characteristics of the enhanced recovery after surgery population.

P valueOpted-out (n=89, 14.5)Opted-in (n=526, 85.5)All (N=615)Characteristics

Demographics

.90a59 (66.3)345 (65.6)404 (65.7)Sex (female), n (%)

<.001b68.21 (13.5)61.64 (11.5)62.6 (12.0)Age (years), mean (SD)

<.001a34 (38.2)61 (11.6)95 (15.5)Age (≥75 years), n (%)

.89a76 (85.4)457 (86.9)533 (86.7)Race/ethnicity (non-Hispanic White), n (%)

<.001a46 (51.7)379 (72.1)425 (69.1)Partnership, n (%)

.10c85 (95.5)517 (98.3)602 (97.9)Language (English), n (%)

Population-level characteristics

.96b$97,020 ($18,868)$96,889 ($20,290)$96,908 ($20,081)Median income, mean (SD)

.58b0.6 (0.1)0.6 (0.1)0.6 (0.1)Education (proportion>High School), mean (SD)

Comorbidities

.95a16 (18.0)93 (17.7)109 (17.7)Depression or anxiety, n (%)

.10c2 (2.3)37 (7.0)39 (6.3)Chronic pain, n (%)

<.001aCharlson comorbidity index categories, n (%)

29 (32.6)256 (48.7)285 (46.3)0

19 (21.4)140 (26.6)159 (25.9)1

23 (25.8)78 (14.8)101 (16.4)2

18 (20.2)52 (9.9)70 (11.4)>3

aAnalyzed using chi-square test.
bAnalyzed using student t test.
cAnalyzed using Fisher exact test.

Generalizability
In the adjusted analyses, those ≥75 years old were much less
likely to participate compared with those aged <75 years (odds
ratio [OR] 0.2, 95% CI 0.1-0.4; P<.001; Figure 2, Table 2).

Those with a higher CCI of either 2 or >3 had lower odds of
participating compared with those with a CCI score of 0, and
those in a current partnership or marriage had more than twice
the odds of participating compared with those who were not
(OR 2.2, 95% CI 1.3-3.6; P=.002).
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Figure 2. Forest plot display of the adjusted odds ratios and 95% CIs for characteristics of opting in to the follow-up program. Results from the
multivariable logistic regression for characteristics of inclusion were displayed (odds ratio and 95% CI) as a forest plot.

Table 2. Adjusted odds of opting into the follow-up program.

P valueORa (95% CI)Characteristics of response

.711.1 (0.7-1.9)Sex (female)

<.0010.2 (0.14-0.4)Age (≥75 years)

.611.2 (0.6-2.6)Race/ethnicity (non-Hispanic white)

.0022.2 (1.34-3.6)Partnership

.921.0 (0.9-1.1)Median income (per US $10,000)

.921.0 (0.5-1.8)Depression or anxiety

Charlson comorbidity categories

ReferenceReference0

.760.9 (0.5-1.8)1

.0030.4 (0.2-0.7)2

.0080.4 (0.2-0.8)>3

aOR: odds ratio.

Characteristics of Response
Of the 463 patients included in the response analyses, 291
(62.9%) responded to the preoperative survey, 256 (55.4%)
responded to the 7-day postoperative survey, and 257 (55.6%)
responded to the 30-day postoperative survey. Notably, response
rates significantly differed by method of contact at each time
point, with the CMM approach having the highest response
rates over time compared with the single-mode approaches
(Figure 3). This pattern of response by method of contact was

mostly consistent within several exploratory subgroup analyses
(eg, within subgroups of partnership and race), although
differences did not reach statistical significance (results not
shown). Rates of response were similar by method of contact
for the older age group at the pre and 7-day time points, but
CMM was superior at the 30-day time point (results not shown).

Multivariable logistic regression results for possible response
characteristics are presented for the 3 time points in Table 3,
and for all models in Figure 4. In the adjusted models, the
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method of contact, race, and partnership were the most
consistent determinants of response at each time point. After
adjusting for all characteristics in the generalized estimating
equations analysis (Figure 4; Table 4), using CMM or SMS
alone resulted in significantly higher odds of response compared
with the email group (CMM OR 3.4, P<.001; SMS OR 1.8,
P=.003). In contrast, CMM also demonstrated significantly
higher adjusted odds of response compared with SMS alone
(CMM OR 1.9, P<.001). The additional significant predictors
were race, partnership, and time.

Inverse probability weights were calculated from the
generalizability-adjusted logistic regression model and applied
to the nonresponse models in a sensitivity analysis (Figure 4).
Most of the effects and significance levels for the characteristics
in each time period model remained the same, indicating that
the coverage error had little effect on the response analyses.
Decomposition analyses revealed no significant differences in
the composition (ie, demographic or clinical characteristics) of
the CMM, email alone, and SMS alone groups. All differences
in the effects on response were attributed solely to the method
of contact.

Figure 3. Response rates by method of contact. There were significant differences in response rates according to the method of contact at all 3 time
points. The concurrent mixed-mode approach resulted in significantly higher response rates over time compared with single-mode approaches alone.
*Chi-square P value for the 3-group comparison <.001. **Chi-square P value for the 3-group comparison=.001.
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Table 3. Multivariable logistic regression model results for each time point.

30-day postoperative7-day postoperativePreoperativeCharacteristics

P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

Method of contact

N/AReferenceN/AReferenceN/AbReferenceEmail

.141.5 (0.9-2.7).291.3 (0.8-2.2)<.0012.9 (2.7-8.1)Text

<.0013.4 (2.0-5.5)<.0013.0 (1.8-5.1)<.0014.6 (1.7-4.8)Both

.601.1 (0.7-1.8).900.9 (0.6-1.5).060.6 (0.4-1.0)Sex (female)

.290.7 (0.4-1.3).180.7 (0.4-1.2).350.7 (0.4-1.4)Age (≥75 years)

<.0013.4 (1.8-6.6).0032.6 (1.4-4.9)<.0015.3 (2.8-10.3)Race ethnicity (White)

.0022.1 (1.3-3.3).0061.9 (1.2-2.9).561.2 (0.7-1.8)Partnership

.621.0 (0.9-1.1).311.1 (0.9-1.2).381.0 (0.9-1.1)Median incomec

.880.9 (0.6-1.6).110.7 (0.4-1.1).391.3 (0.7-2.3)Depression or anxiety

.010.3 (0.1-0.7).810.9 (0.4-2.1).700.8 (0.4-2.0)Chronic pain

Charlson comorbidity index

N/AReferenceN/AReferenceN/AReference0

.931.0 (0.6-1.7).030.6 (0.4-0.9).260.7 (0.5-1.2)1

.691.1 (0.6-2.0).930.9 (0.5-1.8).660.9 (0.5-1.6)2

.381.4 (0.7-3.0).360.7 (0.3-1.5).170.6 (0.3-1.3)>3

.040.5 (0.2-1.0).0030.3 (0.1-0.6)N/AN/AIn-hospital >7 day

aOR: odds ratio.
bN/A: not applicable.
cMedian income has been divided by 10,000 for ease of interpretation.
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Figure 4. Forest plot display of the adjusted odds ratios (ORs) and 95% CI for characteristics of response (individual time point and combined models).
Forest plot results from all 5 adjusted models are shown. The dashed line indicates an OR of 1. Concurrent mixed modes and race were consistently
significant positive predictors of response in all the models. Partnership was also a significant positive predictor of response in most models. Age was
a significant negative predictor in the inverse probability weighted model. Postoperative length of stay >7 days was a significant negative predictor in
the 7- and 30-day models. Time, which was analyzed in the repeated-measures models, also negatively predicted the response. CMM: concurrent mixed
modes; IPW: inverse probability weighted.
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Table 4. Full model generalized estimating equations analysis results for predictors of response.

P valueORa (95% CI)Characteristics

Method of contact

N/AbReferenceEmail

.0031.8 (1.2-2.6)Text

<.0013.4 (2.3-5.0)Both

.781.0 (0.7-1.3)Sex (female)

.110.7 (0.4-1.1)Age ≥75 years

<.0013.4 (2.0-5.6)Race ethnicity (White)

.011.6 (1.2-2.3)Partnership

.471.0 (0.9-1.1)Median incomec

.750.9 (0.6-1.4)Depression or anxiety

.060.6 (0.4-1.0)Chronic pain

Charlson comorbidity index

N/AReference0

.110.8 (0.5-1.1)1

.780.9 (0.6-1.5)2

.360.8 (0.4-1.4)>3

<.0010.8 (0.7-0.9)Time

aOR: odds ratio.
bN/A: not applicable.
cMedian income has been divided by 10,000 for ease of interpretation.

Early, Delayed, and Late Responders
There was no evidence of nonresponse bias in the QOR-9 scores
(Table 5). 11 surveys were incomplete in the preoperative period
and 8 were incomplete in the postoperative period. The surveys
were removed from the analysis. Of the remaining 350 patients
who responded at the preoperative time point, 212 (60.6%)
responded early, 68 (19.4%) responded after the reminder, and
70 (20%) responded via the telephone call. At the 7-day

postoperative time point, 301 participants responded with
complete surveys: 171 (56.8%) after the first survey, 79 (26.2%)
after the reminder, and 51 (16.9%) via the telephone call.
Preoperative and 7-day QOR-9 scores were not significantly
different between the early, delayed, and late responders (Table
5). Further sensitivity analyses within subgroups of method of
contact, partnership, age, and race demonstrated similar findings
(results not shown).

Table 5. Detecting nonresponse bias in outcomes—Quality of Recovery-9 scores for early, delayed, and late responders.

Kruskal–Wallis P valueValue, median (IQR)Value, n (%)Responder groups

.73Preoperative

16 (14-17)350 (100)All

16 (14-17)212 (60.6)Early responders

15 (14-17)68 (19.4)Delayed responders

16 (14-17)70 (20)Late responders

.297-day postoperative

15 (13-17)301 (100)All

15 (13-17)171 (56.8)Early responders

15 (13-16)79 (26.2)Delayed responders

15 (14-17)51 (16.9)Late responders
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Discussion

Principal Findings
In this one-center enhanced recovery after surgery population,
a web-based and mobile communications program appeared to
be a feasible approach for collecting longitudinal recovery
surveys. Most eligible patients (526/615, 85.5%) opted for the
web-based follow-up program, and over half of these patients
responded to the survey at each time point. Using CMM to
deliver the surveys was an effective strategy to increase response
rates compared with email or SMS alone.

However, there were some significant predictors of the
inclusion. Those who had a higher number of comorbidities
(CCI >1), individuals who were not in a partnership, and
individuals over the age of 75 were less likely to opt for the
follow-up program. Age was not a significant predictor of
response in the adjusted models but became significant after
the additional inverse probability weights were applied from
the opt-in model. CCI was not a significant predictor of response
in any of the adjusted models, including the inverse probability
weighted model, whereas partnership was a significant positive
predictor in all response models.

Overall response rates declined from the preoperative time point
(291/463, 67.1%) to the postoperative time points (256/462,
55.4% and 257/462, 56.6%), but can still be considered
relatively high compared with the average response rates for
the Hospital Consumer Assessment of Health Care Providers
and Systems survey. The Hospital Consumer Assessment of
Health Care Providers and Systems survey is a widely used
hospital satisfaction survey that uses a combination of mail,
telephone, and email to obtain responses from recently
discharged patients after surgery and had an average response
rate of 23% in New York State in 2018 [26].

The odds of response were significantly higher among those in
whom a CMM approach was used to deliver the recovery
surveys compared with email alone and SMS alone. These
results were consistent over time, even after adjusting for all
other risk factors that traditionally predict survey responses.
The pattern of CMM achieving the highest response rate over
time also remained relatively consistent in different subgroup
analyses (eg, within each category of age, race, and partnership).
This suggests that using CMM is effective in increasing response
rates, even within harder to reach groups. Decomposition
analyses confirmed that there were no underlying differences
in the observable demographic or clinical characteristics within
the 3 method of contact groups that contributed to the
differences in response rates, thereby lending credibility to the
findings of the response analyses.

There are several possible explanations for why the CMM
approach achieved the highest response rates. Giving users a
choice to respond with their preferred mode is likely to increase
their response [27]. Moreover, receiving the survey prompt to
multiple points of contact may have led to an increase in trust.
One large survey study in New Zealand explored specific
barriers to responses to web-based surveys [28]. Although this
survey was conducted in 2009, one of the barriers identified

was trust in relation to spam email or survey requests.
Participants associated most survey requests with spam and
reported routinely ignoring emails that appeared to be
unsolicited at the expense of accidentally ignoring genuine
requests. Overall, trust was a minor barrier identified in
comparison to issues related to time and effort. Nevertheless,
email-related spam is still a major issue, with over half of the
current emails estimated to be spam [29]. We do not know the
frequency at which our email requests were accidentally and
automatically funneled into participants’ spam folders, but we
reduced this likelihood by using a university email domain.
Moreover, by sending the recovery survey to multiple points
of contact, we may have increased patients’ trust in the
legitimacy of the request.

Nonresponse was not associated with lower education or income
in the adjusted models. These results are similar to a texting
study that assessed pain at 2 weeks postoperatively [11], but
contrary to a previous study that sent web-based PRO surveys
through email [15]. The latter study consisted of women only
but was more nationally representative of the study population.
The overall geographic area examined in our study was fairly
wealthy and educated, which could explain this difference. The
median household income in the United States was
approximately US $63,000, whereas the median household
income in our study was approximately US $97,000.

Race was associated with nonresponse, which is consistent with
previous studies [15]. Specifically, those who were
Hispanic/non-White had consistently lower odds of responding
to the surveys. To understand what effect this might have on
interpreting the QOR-9 scores from responders, a separate
subgroup analysis was performed to evaluate the risk of
nonresponse bias by comparing QOR-9 scores in early, delayed,
and late responders who were Hispanic/non-White. Within this
subgroup analysis, there were no differences in QOR-9 scores
between early, delayed, and late responders at either the
preoperative time point or the 7-day time point. However, the
sample sizes in these subgroups were small. Nonetheless, these
null findings provide modest evidence that even though response
rates were lower in this subgroup, those who responded may
be representative of the full subgroup.

In fact, no differences were found in the overall and subgroup
analyses comparing early, delayed, and late responder recovery
scores. Under the continuum of resistance model, nonresponders
are most similar to those who require more reminders to
complete the survey [30]. Since our recovery scores do not differ
between early, delayed, and late respondents, it is possible that
nonresponders have similar scores to those included in the
sample.

This study has several limitations. First, even though we can
describe the patients who did not want to participate (ie, opt-in),
we do not know the exact reasons for nonparticipation. It is
possible that patients had limited access to technology or that
patients simply did not want to participate. We also did not
randomize the patients who participated in the 3 method of
contact groups. However, decomposition analyses helped
alleviate the concern that these groups were somewhat different
in composition of characteristics. Indeed, the composition of
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the groups was similar, and there did not appear to be trends in
characteristics of patients over time (eg, older patients were no
more or less likely to have surgery in June compared with
November).

Approximately 18% (82/463) of patients received the surveys
through a different method of contact other than the one
preassigned. This was for various reasons: of the 463
participants, 24 (5.2%) participants in either phase 1 or 3 did
not provide an email, and were therefore sent surveys by text
alone; 31 (6.7%) participants either in phase 2 or 3 did not own
a smartphone, and were therefore sent surveys through email
alone; 2 (0.4%) participants in phase 2 did not list a phone
number and were sent surveys through email alone; and 25
(5.4%) in phase 2 or 3 either provided contact information that
was illegible, or a separate system error occurred in which
participants received emails alone. A separate system error was
also responsible for shifting several participants into the email
and text group at 30 days instead of receiving text or email
alone, but this was accounted for in the analyses. Nevertheless,
this demonstrates that a system that is preprogrammed to send
surveys concurrently through both email and text could prevent
the exclusion of individuals who either did not have a
smartphone or did not provide an email address by casting a
broader net.

Non-White individuals accounted for only 13.3% (82/615) of
our sample, most of whom were Hispanic or African Americans.
There were too few participants in either the independent
race/ethnicity group to perform significance testing separately,
but independent examinations did not reveal any inconsistencies
between the individual groups and the combined group. The
lack of any detected nonresponse bias in recovery scores lends
some credence to the representativeness of the sample, but it
would still be important to increase response rates among
non-White participants and increase the sample size.
Furthermore, using late responders as a proxy for nonresponders
provides some evidence that nonresponders were similar to
responders, but actual scores of nonresponders could not be
assessed. In addition, multiple types of surgical procedures were
included within this study, which made it impossible to include
the procedure as a covariate. Length of stay was used as a proxy

measure for the severity of the surgical procedure and (or)
in-hospital complications, but specific surgical area studies
could be explored to verify our study findings. Area-level
metrics were used as proxies for individual income and
education metrics and were much higher than the national
averages. These may not truly reflect income and education at
the individual level and may also have limited our understanding
of how these characteristics affect both inclusion and response.

This study had several strengths. The email or text capture
system was applied to the QA program. Therefore, we were
able to identify issues of practicality that clinicians might face
when attempting to capture postdischarge recovery data in a
broad patient population. This provided an opportunity for an
in-depth analysis of the generalizability and response rates when
using email or text-based programs in surgical patients. At the
time, Twilio SMS messages cost US $0.0075 per message.
Therefore, we also demonstrated a resource-friendly method
that can obtain high response rates in the early postoperative
period. This is important as many complications that occur early
after discharge result in readmission [31]. Although we did not
actively monitor patient responses, this type of system could in
fact be reprogrammed to do so. Although patient surveys
contained no identifiable information, they were linked back to
a secured database with patient information. Specified
algorithms could be developed to send alerts to medical staff
regarding patients who appear to be developing a complication
or have other unmet medical needs. This would provide an
opportunity to intervene before readmission.

Conclusions
A web-based and mobile communication program appears to
be a feasible approach for collecting longitudinal perioperative
recovery surveys in the ERAS population. Additional efforts
may be required to increase participation within non-White
individuals, older individuals, and those who are not in a
partnership. However, using a CMM approach is an effective
strategy to reduce nonresponse, even in difficult-to-reach
subgroups. Finally, a web-based system such as the one
described could be a cost-effective approach to improve
communication between the patient and clinician during a period
in which the communication is lacking.
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Abstract

Background: The lack of availability of disability data has been identified as a major challenge hindering continuous disability
equity monitoring. It is important to develop a platform that enables searching for disability data to expose systemic discrimination
and social exclusion, which increase vulnerability to inequitable social conditions.

Objective: Our project aims to create an accessible and multilingual pilot disability website that structures and integrates data
about people with disabilities and provides data for national and international disability advocacy communities. The platform
will be endowed with a document upload function with hybrid (automated and manual) paragraph tagging, while the querying
function will involve an intelligent natural language search in the supported languages.

Methods: We have designed and implemented a virtual community platform using Wikibase, Semantic Web, machine learning,
and web programming tools to enable disability communities to upload and search for disability documents. The platform data
model is based on an ontology we have designed following the United Nations Convention on the Rights of Persons with Disabilities
(CRPD). The virtual community facilitates the uploading and sharing of validated information, and supports disability rights
advocacy by enabling dissemination of knowledge.

Results: Using health informatics and artificial intelligence techniques (namely Semantic Web, machine learning, and natural
language processing techniques), we were able to develop a pilot virtual community that supports disability rights advocacy by
facilitating uploading, sharing, and accessing disability data. The system consists of a website on top of a Wikibase (a Semantic
Web–based datastore). The virtual community accepts 4 types of users: information producers, information consumers, validators,
and administrators. The virtual community enables the uploading of documents, semiautomatic tagging of their paragraphs with
meaningful keywords, and validation of the process before uploading the data to the disability Wikibase. Once uploaded, public
users (information consumers) can perform a semantic search using an intelligent and multilingual search engine (QAnswer).
Further enhancements of the platform are planned.

Conclusions: The platform ontology is flexible and can accommodate advocacy reports and disability policy and legislation
from specific jurisdictions, which can be accessed in relation to the CRPD articles. The platform ontology can be expanded to
fit international contexts. The virtual community supports information upload and search. Semiautomatic tagging and intelligent
multilingual semantic search using natural language are enabled using artificial intelligence techniques, namely Semantic Web,
machine learning, and natural language processing.
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Introduction

Human rights monitoring for people with disabilities is a
pressing issue in Canada and France, as well as internationally.
However, data and information about human rights policy and
legal precedents, lived experiences, and media portrayals of
people with disabilities are scarce. This limited data and
information hinders the capacity for knowledge mobilization
among researchers, nongovernmental organizations, and
advocacy groups in their efforts to monitor the implementation
and realization of human rights for people with disabilities. In
addition, policy-based definitions of disability vary widely
across local, national, and international jurisdictions, creating
further challenges regarding the access of comparative data and
information.

Internationally, a few sources provide access to some disability
data (eg, the Disability Data Advocacy Working Group [1],
Disability Data Portal [2], and Disability Rights Promotion
International [DRPI] [3]). However, these databases have limited
data while the need for such data is overwhelming. The
incorporation of disability into human rights–focused
legislations, constitutions, and international law (eg, the United
Nations Convention on the Rights of Persons with Disabilities,
or CRPD [4]) has highlighted an ongoing need for access to
disability data for disability researchers, organizations of people
with disabilities, and broader public policy and development
sectors. The lack of availability of disability data has been
identified as a major challenge for continuous disability rights
monitoring (ie, collection, integration, analysis, interpretation,
and mobilization of data and knowledge about the
implementation and realization of human rights for people with
disabilities) [5,6]. It is important to develop an inclusive
approach to analytics and machine learning, one that can be
scaled up to integrate disability data and enable the searching
of such data to expose systemic discrimination and social
exclusion, which increase vulnerability to inequitable social
conditions [7].

Historically, there has been a lack of data on disability collected
and shared on a global and national level [8]. The lack of
aggregate and disaggregate disability data available is hampering
researchers’ ability to conduct critical health research [9]. It is
also limiting our knowledge about the experiences of people
with disabilities and the challenges and barriers they face [6].
Reed, Meeks, and Swenor [10] argue that “the disability data
gap is more than just a surveillance oversight; social injustices
exist that cannot be separated from this lack of information.
The lack of data perpetuates the exclusion of disabled people
from discussions of health equity and policies that are data
driven.”

Disability is a complex multidimensional experience that can
be difficult to measure. Operational measures of disability vary

according to the purpose and application of the data, the
conception of disability, and the aspects of disability examined
[10]. However, access to disability data is an issue of human
rights. For example, Article 31 of the CRPD [11] notes the
following obligation:

States Parties undertake to collect appropriate
information, including statistical and research data,
to enable them to formulate and implement policies
to give effect to the present Convention… The
information collected shall be disaggregated, as
appropriate, and… States Parties shall assume
responsibility for the dissemination of these statistics
and ensure their accessibility to persons with
disabilities and others.

The disability Wikibase addresses this responsibility by making
data accessible and available to a variety of stakeholders.
Understanding, interpreting, and using disability data is essential
to stakeholders with interests in disability issues, including
advocacy groups, individuals, and organizations of people with
disabilities, nongovernmental organizations, policy makers, and
researchers [12]. Data contribute to decisions about poverty
alleviation strategies, health and social service development,
and humanitarian responses. Data collection is critical to the
formulation of evidence-based policies and all aspects of the
implementation of disability-inclusive policies and programs
[13]. Reliable, accessible data are also crucial for monitoring
progress and implementation of the CRPD.

Meanwhile, advancements are being made in the field of health
informatics, which can assist in the organization and use of
health data. Health informatics is an interdisciplinary field that
uses computer science, decision-making, information processing,
and management science to design and implement information
systems in a user-centered manner to get, store, process, and
provide information for users to assist them in achieving their
objectives [14]. Some of the techniques used in health
informatics are artificial intelligence (AI) techniques [15].
Machine learning techniques are trained algorithms that assist
users in making sense of data to make organizational decisions
[16] and health decisions [17,18]. Semantic Web techniques
and natural language processing (NLP) provide computers with
the ability to decipher the meaning of information and process
phrases written or spoken in natural language [19]. The
combination of these techniques can allow users to search for
data using natural language sentences [20,21] in multiple
languages, and they can also be used to find semantic similarities
among disparate documents from different disciplines [22-26].

On the other hand, techniques to store, integrate, and search for
data do exist; the publicly available Wikibase environment is
an open-source collaborative tool for editing, integrating, and
storing structured data. Wikidata is the most famous Wikibase
example, and it targets public knowledge [27].
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Our project aims to create a screen reader–accessible
multilingual website on top of a Wikibase that structures and
integrates data about people with disabilities and serves national
and international disability advocacy communities. This pilot
website will be endowed with a document upload function with
an automated data-from-text extraction function for insertion
into the Wikibase, and with an intelligent natural language
search capability for querying the data.

Methods

Choice of Domain and Documents
To design and develop the underlying data model of the pilot
platform, our domain of choice was the CRPD. The CRPD is
an international human rights treaty intended to articulate and
protect the rights and dignity of people with disabilities. The
CRPD reflects a shift from viewing people with disabilities as
objects of charity, medical treatment, and social protection
toward viewing them as full and equal members of society with
human rights. The CRPD contains 50 Articles covering a range
of issues including health, accessibility, data collection, and
monitoring mechanisms and is informed by the principles of
dignity, autonomy, nondiscrimination, equality, and respect for
difference. The CRPD has been signed by over 150 countries,
including Canada and France.

This domain of choice allows for a large number of documents
connected to the CRPD to be uploaded in the future, enabling
the testing of the platform on a large scale. Our first set of
documents to be shared included DRPI’s reports of country-
and region-specific rights monitoring based on the CRPD. DRPI
is a collaborative project to establish a comprehensive,
sustainable international system to monitor the human rights of
people with disabilities in accordance with the CRPD. This
project has been operating for over a decade and has collected
data and information from North America, Europe, Latin
America, Asia Pacific, Africa, the Middle East, and North
Africa.

Platform Design
In early stages of the project, we collected the requirements of
the platform and identified that the platform should act as a
virtual community and incorporate the following characteristics:

1. Facilitate knowledge sharing by enabling the uploading of
disability documents.

2. Provide validated information by allowing only
authenticated external partners (eg, community
organizations) to add documents and having a user approve
them, acting as a gatekeeper.

3. Support disability rights advocacy by enabling
dissemination of knowledge to the public by making the
documents available to all potential users and using a natural
language–enabled search engine.

4. Administer the platform to create users, continuously refine
the machine learning models, provide reports, etc.

In summary, the aim of this project was to create a virtual
knowledge network using the Semantic Web and other AI
techniques. The virtual knowledge network includes 4 types of
users:

1. Authenticated information producers that upload
information of interest (eg, reports, blogs, articles) and
assign tags (ie, keywords) to the new data.

2. Domain expert users that play the role of gatekeepers and
validate the uploaded information (ie, documents and tags)
by issuing an upload request to the platform administrator.

3. Platform administrators that manage the platform. Their
tasks include approving/rejecting upload requests,
continuously maintaining the platform, and finetuning the
AI models.

4. Information consumers that search for information stored
on the platform using natural language questions.

Platform Implementation
The virtual knowledge network front end includes a simple
website connected to a search engine, while the back end uses
the following:

1. A machine learning model to tag each paragraph of the
uploaded documents with corresponding keywords that
reflect the meanings embedded in the text.

2. A Wikibase structure that holds the disability rights
knowledge base and the corresponding data (ie, tags,
annotated paragraphs, links to the documents).

3. An intelligent search engine (QAnswer) that uses NLP to
search the Wikibase for answers to users’ questions.

To implement the different parts of the platform, the following
major programming stacks were used:

1. React JS, a simple and flexible JavaScript-based library,
was used to develop the front end of the platform [28].

2. MySQL was our choice for the database used to store
temporary document information before its semantification
and storage in the Wikibase [29].

3. Wikibase was used to store the disability rights knowledge
base, which was represented in a knowledge graph and used
the Resource Description Framework (RDF) format [30].
A knowledge graph is a network of entities, their semantic
types and properties, and the relationships between the
entities [31]. It is used to represent information and
reasoning.

4. QAnswer, a platform that makes RDF data accessible via
natural language, has been used to enable intelligent search
using intelligent natural language questioning [32-34].
QAnswer is the first AI-driven platform to query RDF
datastores in natural language. It uses semantic technologies
(NLP, Semantic Web) as well as machine learning
techniques [32].

5. Python was used to develop cross-platform and server-side
applications [35].

6. FastText was used for NLP to create a machine learning
model to tag paragraphs. FastText is often on par with deep
learning classifiers in terms of accuracy, and is many orders
of magnitude faster for training and evaluation [36,37].

7. PyMuPDF, a Python library, was used to access and process
uploaded documents [38].

8. GitHub was used to maintain source code versioning [39].
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Results

Disability Data Modeling

CRPD Ontology
Data modeling includes identifying the correct ontology for
storing document data and finding appropriate relations between

different data entities to map the data correctly within the
Wikibase. Our team developed an ontology schema (Figure 1)
for the CRPD that is flexible and can accommodate the CRPD
Articles as well as incorporate jurisdiction-specific legislation
so that users will be able to tag and search disability-related
information in relation to internationally and locally recognized
rights domains.

Figure 1. CRPD ontology. CRPD: Convention on the Rights of Persons with Disabilities; UN: United Nations.

CRPD Knowledge Graph
Based on the ontology, domain experts developed structured
data that describes the CRPD document. The structured data
(Table 1) was used to create the CPRD knowledge graph.

The structured data was used to develop a detailed knowledge
graph that describes the CRPD; for instance, Table 1 shows that
Article 25 of the CRPD relates to the topic “Health.” The

knowledge graph (Figure 2) shows the same information as a
graph. The knowledge graph is practically a set of triples (ie,
subject-predicate-object) and was implemented in the disability
Wikibase, which is a datastore that stores triples. Once
incorporated in the disability Wikibase, the knowledge graph
allowed semantification of the DRPI documents into triples (eg,
document - has paragraph - the paragraph text; paragraph - has
topic - discrimination). Semantification allows for a semantic
search to be performed on the documents and their paragraphs.

Table 1. Structured data prepared by domain experts to develop the Convention on the Rights of Persons with Disabilities knowledge graph.

TextHas-topicArticle 25 (Health) topics

Provide persons with disabilities with the same range, quality, and standard of free
or affordable health care and programs as provided to other persons, including in the
area of sexual and reproductive health and population-based public health programmes

has-CRDP-TextHealth

Prohibit discrimination against persons with disabilities in the provision of health
insurance, and life insurance where such insurance is permitted by national law, which
shall be provided in a fair and reasonable manner

Mentioned-In-CRPD-ArticleDiscrimination

Provide those health services needed by persons with disabilities specifically because
of their disabilities, including early identification and intervention as appropriate,
and services designed to minimize and prevent further disabilities, including among
children and older persons

has-CRDP-TextPreventative measures
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Figure 2. A partial knowledge graph that depicts entities and relationships present in CRPD Article 25. CRPD: Convention on the Rights of Persons
with Disabilities; DRPI: Disability Rights Promotion International.

Figure 2 shows the relationships among the entities of articles
25 and 17 of the CRPD using a knowledge graph. Documents,
topics, and sources are concepts connected by relations (eg,
“has topic,” “has paragraph,” “according to,” “mentioned in,”
“has text,” “has definition,” “has origin,” “instance of”). For
instance, paragraphs are connected to the document using the
“has paragraph” relation since each document is formed of many
paragraphs. In turn, each paragraph has one or more topics and
subtopics, and so on.

Topic Modeling Using Latent Dirichlet Allocation
We used a latent Dirichlet allocation (LDA) [40] machine
learning algorithm to model the topics in the available
documents. To train the model, a set of 30 unstructured and
unlabeled documents were provided in an unsupervised manner.
To determine the number of topics to include in this
unsupervised learning method, we conducted tests to select the
best coherence measure score; this score is based on the degree
of semantic similarity between high-scoring words in the topic.

The LDA result provided disability experts with an initial list
of keywords that could be used to tag the documents’ content.
The disability experts added to the list of keywords and created
a glossary of terms related to the disability field. The glossary
terms were used as labels for tagging the paragraphs of a training
set of the document corpus. Afterward, the labeled documents

were used by the supervised machine learning algorithm
proposed by the FastText library to design a text classification
model that allows users to tag uploaded documents.

Initial Glossary Development and Enrichment
Disability domain experts developed a glossary of keywords
that describe the main topics and subtopics embedded in the
DRPI and CRPD documents. These keywords were then used
to tag paragraphs of the uploaded documents with appropriate
topics.

Following the development of the glossary, the
Merriam-Webster Dictionary application programming interface
(API) was used to get synonyms of the glossary terms. Thus,
the glossary terms were enriched with synonym words.

Document Tagging

Overview
Once a user uploads a document, the platform splits the
document into paragraphs and uses the glossary terms to tag
them with appropriate topics. In the first phase, the extracted
paragraphs and corresponding tags were verified by domain
experts and the result was used as a training data set for a
machine learning algorithm (Figure 3). The algorithm was used
on the platform to automatically tag newly uploaded documents.
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Figure 3. Document tagging flowchart. API: application programming interface.

Paragraph Extraction and Tagging
Using the PyMuPDF library (a Python binding for MuPDF),
the PDF files were parsed, and paragraphs were extracted.
Afterward, R (version 4.0.5; R Foundation for Statistical
Computing) was used to tag the paragraphs with appropriate
glossary terms. The tags were reviewed by domain experts who
added or deleted tags as needed. The result was a set of validated

instances of paragraphs and their corresponding tags, which
were used as the training data set.

Machine Learning Model Generation to Automate
Tagging
The validated paragraph-tag instances were used as a training
set for the FastText algorithm. FastText is a library for efficient
learning of word representations and sentence classification.
This library can be used to build a word representation model
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with unsupervised training (using SkipGram or CBOW), or to
design a text classification model with supervised learning. We
used the latter approach and used the FastText library defaults
for tagging the document paragraphs.

The FastText algorithm proposes tags from the glossary for the
paragraphs and the result is displayed (Figure 4). Users can

reject or add to the proposed tags, allowing for continuous
enrichment of the glossary and training of the model, which
make it more accurate. A request to upload the tagged
paragraphs and other related information to the Wikibase is sent
to the administrator.

Figure 4. Paragraphs and their tags are displayed to the user.

Document Upload to Wikidata
The administrator can review the upload requests and accept or
reject them. Upon acceptance, the tagged paragraphs are

semantified based on the ontology and uploaded to the disability
Wikibase, where they are stored as triples that can be subject
to semantic search (Figure 5).

Figure 5. Architecture diagram for the document upload process flow. ML: machine learning.

Natural Language Search Using QAnswer
The disability Wikibase is connected to the QAnswer search
engine, which performs a natural language search (Figure 6).
A simple search text field on the website is provided for users
to enter their queries.

Although only authorized users can be producers and upload
documents, any user can be a consumer and search for
information. The disability Wikibase uses QAnswer API
endpoints to send questions to, and retrieve answers from,
QAnswer. We used the autocomplete feature in QAnswer to
provide several precompleted questions while users are typing
their questions. Thus, users can select from these autocompleted
options instead of continuing to type their question.
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Figure 6. Search function flow of the disability wiki website.

Discussion

Principal Results
There are currently no tools available to collect and share data
related to people with disabilities. We have developed a platform
that can fill this gap and respond to this need.

Using health informatics and AI techniques, we were able to
develop a pilot virtual community that supports disability rights
advocacy by facilitating the sharing and accessing of disability
data. The virtual community accepts 4 types of users:
information producers, information consumers, validators, and
administrators. The virtual community enables the uploading
of documents, semiautomatic tagging of document paragraphs
with meaningful keywords, and validation of the process before
the document and its associated tags are uploaded to the
disability Wikibase. Once uploaded, public users can perform
a semantic search using the QAnswer intelligent search engine.
Currently, the platform allows information producers to upload
documents and label their paragraphs with appropriate tags, and
also allows information consumers to search for information
using natural language. Hence, the platform answers a serious
need in the disability community to store disability-related data
in one database that includes an intelligent search function.

Virtual communities for health purposes (including disabilities)
already exist; however, their purpose is to disseminate
information only, with no means for members to contribute
additional data and information. Wikipedia is wiki-based but it
is not specialized and includes nonvalidated, general-purpose
information, with no means to upload documents or perform a
semantic search. This is the first time an AI approach was used
to bolster disability advocacy. The proposed knowledge graph’s
content has been validated by disability domain experts, and it
is also technically sound—Wikidata’s best practices were
followed. Future evolutions of the knowledge graph will have
to maintain its accuracy, consistency, and conciseness, as
defined by Zaveri et al [41].

This project advances our previous informatics work on a virtual
knowledge network using documents from the DRPI [42]; in
our previous work, we developed a virtual knowledge network
to share documents [42], while on this pilot site we enabled
semantic search and allowed accurate tagging of documents’
content using machine learning approaches. The current platform
simplifies document sharing and offers the public, disability
organizations, researchers, and policy makers a tool to allow
for more transparency in disability data.

Our proposed generic novel approach is to provide a platform
for semantic free-text search on freely collected documents on
a given topic. Our future research aims to answer the following
question: what kind of information is searched for and by what
types of users? To answer this question, we are planning to
collect information regarding the users of the platform and the
search terms they use; in addition, a thematic analysis will also
be conducted to understand the users’ needs.

Limitations and Future Perspectives
This work is still in its pilot stage; there is a limited number of
documents available for machine learning training, while
accuracy measurement and evaluation of the machine learning
algorithms are underway. However, the more users upload
documents and validate the automatic tagging, the more accurate
the automatic tagging becomes due to continuous retraining.

There are other features and project phases planned for the
future. Virtual communities have been used in many domains,
including health care [43], to address chronic disease
management, education [44], and mental health. Our current
platform is expanding the use of virtual communities for social
purposes in the domain of disability rights [45]. The next phases
of the project will involve an evaluation of the adoption of this
virtual community using evaluation frameworks [46], as well
the use of background analytics to analyze usage patterns and
enhance the search capacity. Moreover, users’ experience will
be formally evaluated to enhance acceptance and adherence.
Universal accessibility allows equitable access to information;
accessibility testing is underway, and improvements are being
implemented. Additionally, while QAnswer can answer
questions formulated in English and French, the current platform
is written in English; translating the website into French and
uploading documents written in French are both on our project
agenda.

NLP has been used for many health care applications for
information extraction, sentiment analysis, search extraction,
and information synthesis [47], using the state-of-the-art NLP
model Bidirectional Encoder Representations from Transformers
(BERT) [48]. Our next steps include tagging optimization using
newer approaches to NLP such as BERT. This platform may
encourage the creation of a domain-specific DisabilityBERT,
similar to the BioBERT adapted for biomedical text and
SciBERT adapted for science text [49].

In our future work, we will continue to elucidate biases within
the disability Wikibase search. Although data analytics is
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important for collecting evidence and making decisions [50,51],
neither machine learning nor data are value-free [52]. Deciding
which data items will be collected is a process that embeds a
worldview (Weltanschauung). For example, is the information
that is collected and searched about “abnormality” [53] or
“participation restriction” [54]? In addition, the production of
information is done for a certain purpose and hence is not
value-free; for example, were certain data collected to
understand the efficiency of people with disabilities in doing a
task, or to determine if people with disabilities face
discrimination in schools, universities, or the workplace? In this
way, our virtual community is informed and designed in
accordance with the human rights principles of the CRPD.
Finally, the computer algorithms are value-loaded; indeed,
predictive machine learning algorithms “learn” (ie, create
models) from past data to predict events in the future based on
current data. However, past data embeds values and biases from
the past; for example, in 2018, Amazon’s AI-based recruiting
tool was found to be sexist as it consistently suggested that male
applicants be recruited [55], as it learned from resumes
previously submitted to the company, which is in the
male-dominated tech industry. Our choice to use the CRPD to
build our ontology represents a first step in creating a search
algorithm for disability data to be used by and for disability
advocates and communities.

The current project requires many improvements and feature
enhancements. First, the document data is semantified using a
few relations, such as “has paragraph,” “has topic,” and
“mentioned in.” Future work will include other relations, such
as “comply with,” “supports,” and “has legislation” and update

the machine learning classifier to extract such semantic
information from the uploaded document. Uploaded documents
could be linked to their corresponding country as some
documents are country- and region-specific. The current version
of the application contains such properties in the interface;
however, it is not embedded in the Wikibase data model. In the
next phase, it is important to semantically link documents with
countries and regions by importing countries and regions from
Wikidata to the disability Wikibase.

Finally, the web application should be updated to include
message broker architecture that allows server-side load
balancing to handle large volumes of search requests and
optimize the server’s performance.

Conclusions
The platform ontology was based on the CRPD to create a
platform for equity-focused disability data that can be used by
and for disability advocates and communities; the data includes
advocacy reports and disability policy and legislation from
specific jurisdictions or international contexts. The virtual
community accepts 4 types of users: information producers,
information consumers, validators, and administrators.
Semiautomatic tagging and intelligent semantic search using
natural language are enabled using AI techniques. The search
engine supports bilingual (English and French) search and
further enhancements are planned.

Multidisciplinary research in the domain of disabilities is
challenging. An iterative process completed in a collaborative
atmosphere allows team members to elucidate ambiguities and
helps the team face challenges and provide solutions.
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Abstract

Background: Work-related stress in the construction industry increases the prevalence of depression and anxiety among
personnel. In low-resource settings such as Nigeria, construction personnel face high demands and severe working conditions
but only have a few services to address their mental health needs. With emerging research showing that digital interventions can
be used to self-manage mental health across diverse settings, there may be new opportunities to support construction personnel
in the construction industry.

Objective: This study aims to determine the use of digital interventions for mental health management among construction
personnel in Nigeria and to explore the factors that facilitate or impede the use of these interventions.

Methods: This qualitative study explored the perspectives of a convenience sample of 62 construction personnel. The data were
subjected to inductive content analysis.

Results: A total of 6 barrier and 3 motivator themes were identified and categorized into 2 groups. The barrier themes were
subcategorized into barriers to adoption and barriers to persistent use, whereas the motivator themes were subcategorized into
intrinsic and extrinsic motivators. Lack of awareness and knowledge about the interventions may constitute a barrier to adoption
and use. Participants frequently reported concerns regarding their effectiveness and usability.

Conclusions: This study provides an understanding of the design needs required to facilitate sustained self-management of
mental health based on the experiences and expectations of construction personnel with digital interventions.

(JMIR Form Res 2021;5(11):e18969)   doi:10.2196/18969

KEYWORDS

mental health; construction personnel; digital technology; digital intervention; barriers; motivators; mobile phone

Introduction

Background
Construction personnel are reported to have a high incidence
of common mental health problems [1-3], which results from

high levels of stress owing to the nature of their work and
working conditions. These include poor remuneration [4],
working in extreme temperatures [5], long working hours, job
insecurity, role ambiguity [6], demanding jobs [7], work-life
imbalance [8], and organizational injustice [9,10]. In the
Netherlands, the prevalence rates of depression and
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posttraumatic stress disorder symptoms among construction
supervisors were 18% and 20%, respectively, whereas among
skilled workers the rates were 11% and 7%, respectively [11].
In Nigeria, the prevalence rates of depression, anxiety, and
suicidal ideation among construction supervisors were 55.1%,
14.8%, and 9.2%, respectively, whereas among tradesmen the
rates were 74.5%, 36.4%, and 14.6%, respectively [12,13].
Generally, the weighted prevalence rates of depression, anxiety,
and suicidal ideation in Nigeria were 5.5%, 3.5%, and 7.28%,
respectively [14,15]. As untreated mental health problems pose
a significant risk for suicidality [16] and other adverse health
effects, there is an urgent need for mental health management
among personnel in the construction industry and allied
professions.

For lower middle-income countries such as Nigeria, there has
been an increase in attention toward personnel’s mental health
and well-being needs, with recent efforts to mitigate stress
reactions such as depression among construction personnel
[4,10,17,18]. As the burden of mental health problems is
predicted to increase over time [19], with an estimated 100
million mobile broadband users and 149 million active Global
System for Mobile Communication subscribers in Nigeria, the
country ranks highest in the internet market in Africa [20];
therefore, leveraging digital technology may yield more flexible,
cost-efficient, and convenient methods to support the mental
health of construction personnel. For instance, technology has
proven to be potentially useful in reducing health management
costs and challenges associated with mental health problems
[21]. Through digital technologies such as smartphones, there
may be opportunities for workers to manage stress responses
and seek support for their mental health concerns when needed
[1,22], while reducing possible barriers and stigma associated
with accessing face-to-face services delivered on-site.

Workplace mental health interventions (eg, secondary and
tertiary interventions) are used to mitigate and treat mental ill
health [23] and overcome barriers to the use of psychological
therapies delivered in mental health facilities. However, such
workplace interventions are limited due to the need for in-person
treatment, barriers to receiving and accessing care, stigma,
shortage of mental health professionals, and high cost of service
[1,24,25]. This is especially relevant among employees in the
construction sector, as their roles are often mobile and involve
excessive work hours [1]. Digital mental health interventions
designed to meet specific needs, for example, managing stress,
mood, anxiety, mental fitness, and well-being delivered through
digital technologies such as smartphones, wearables, websites,
or computers provide scalable interventions to improve health
and health care [26].

Despite the surge in apps and websites, digital mental health
interventions are underutilized [27]. A reason for the low
adoption of interventions in mental health management in the
workplace may be due to commercially available interventions
that are not best suited to the workplace setting, user needs, and
context [1]. In addition, these interventions often suffer from
an abrupt exit by users without achieving the intended health
goals [28]. To promote a sustained use of digital interventions
until the desired outcome is achieved, identifying barriers and
motivators for continued use is crucial. Such insights can inform

changes that may be needed for the design and efficacy of the
intervention; without that, designers will largely rely on intuition
[29]. This means identifying barriers to and motivators for the
use of digital mental health interventions will impart valuable
design information to support the development of efficient and
user-friendly interventions [30].

Barriers and Motivators
Stiles-Shield et al [29] used card-sorting tasks to evaluate the
barriers to using and engaging smartphone apps in managing
depression among 20 potential users in the United States. The
identified barriers to use were concerns about efficacy and
functionality (ie, issues about effectiveness, misfit of feature to
need, and crashing of the app), data privacy, insufficient
feedback, and cost of data plans. Carolan et al [27] studied
barriers to and facilitators of user engagement in a digital
intervention aimed at psychoeducation and stress management
among employees recruited from different sectors. Using
semistructured interviews, the study deduced that the facilitators
of digital intervention use and engagement included content,
design, motivational emails (ie, quotes and advice), information
on well-being, confidentiality, and support from the
organization.

The use of digital interventions in construction industries,
particularly wearable technologies for health and safety, has
been studied [31,32]. However, these studies neither geared
toward secondary intervention nor explored barriers to and
motivators for use on an individual basis. Studies on
occupational health have considered the barriers to and
motivators for using digital mental health interventions among
male-dominated professions in Australia [22,27]. Nonetheless,
there remains a dearth of literature regarding high-risk
populations, such as construction personnel in Nigeria. It is also
unknown what constitutes the barriers and motivators to use
such interventions among them. There is limited information
on how construction personnel in low-resource countries use
commercially available interventions to manage their mental
health, what forms of barriers and motivators they experience,
and whether their desired recovery goals are achieved.

Objectives
Examining users’ experiences in specific contexts with digital
mental health interventions could provide new information to
better design future interventions. It is unknown how
construction personnel in a low-income country such as Nigeria
use existing digital mental health interventions to manage their
health and what forms of barriers and motivators they encounter.
Therefore, this study aims to fill the existing gap by exploring
the satisfaction of construction personnel with publicly available
digital interventions for mental health management in Nigeria.
To achieve this aim, the following objectives were set: (1) to
determine the barriers to use and engagement with digital mental
health interventions among construction personnel in Nigeria
and (2) to determine the motivators to use these interventions.

The ability to ensure engagement with the interventions after
uptake will potentially allow construction personnel to cope
with work stress and enhance positive mental health, especially
if appropriate engagement theories and user needs ground the
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development of such interventions. This can inform future
design improvements, enabling acceptability and sustained use
to achieve the intended mental fitness and health goals. This
study adds to a limited body of knowledge by describing the
factors that influence the probable uptake and use of digital
mental health interventions by construction personnel in a lower
middle-income setting. This study defines barriers as reasons
or obstacles that prevent the use of digital interventions for
mental health management. At the same time, motivators refer
to catalysts for use, purpose, or factors that enhance the
application or desire to use a digital mental health management
intervention [33].

Methods

Theoretical Background
The Unified Theory of Acceptance and Use of Technology
(UTAUT2) was chosen as the framework to guide this study as
it is robust in incorporating previous acceptance models and is
considered a highly sensitive model for explaining consumers’
variance in the use of technology [34,35]. The UTAUT2 was
adopted in this study through a bottom-up inductive approach
to aid the interpretation of results and guide the design of future
digital interventions. The UTAUT2 incorporates 7 constructs
(ie, performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, price value, and
habit) and 4 moderators (ie, age, gender, experience, and
voluntariness) [36]. The first 5 constructs of the UTAUT2 relate
to the enjoyment derived from using a product [37].

Sample and Measurement
This study used an open-ended survey, a qualitative technique.
This technique was applied as it is often used to solicit feedback
on products and design needs [38,39]. In the digital intervention
literature, qualitative techniques are widely used as part of
formative research efforts aimed at gaining insights from users
about intervention design, content, and engagement [38].
Similarly, the qualitative technique was used to elicit feedback
on digital interventions for mental health management from
construction industry end users.

This technique is suitable as it provides a broader picture of the
subject and provides an avenue for participants to express their
concerns and feedback about the topic [40]. Such feedback can
inform future intervention designs for the industry, whereby
the industry can leverage such technologies to maintain mental
fitness and promote good mental health among its workforce.
Construction personnel engaged in supervisory and monitoring
roles in Nigeria formed the target population for this survey and
were determined based on a convenience and snowball sampling
method.

The respondents included site supervisors (ie, site engineers)
and project managers based on a log collected from the Nigerian
Institute of Building. These groups of construction personnel
were considered for 3 reasons: (1) involvement in building
production management; (2) ease of eliciting the required
information; and (3), should the needs of the construction
personnel be met, leveraging digital interventions for universal
prevention and secondary mental health interventions across

the entire construction workforce would be easier. The research
methodology involved 2 steps: (1) survey questions were drafted
based on literature reviews and (2) a pilot study was conducted
with industry practitioners. The Mobile Application Rating
Scale, a validated and reliable scale used for assessing the
quality of health apps [41], was also used in this study. As this
study explored the use of digital mental health interventions
and not only apps, these questions were adapted for use in this
study.

The survey questions were written in English Language and
elicited demographic characteristics such as age, gender, and
years of experience. Other information obtained was related to
the type of digital mental health intervention that participants
may have used, length of use, the intended goal of the
intervention, and barriers to and motivators for the use of digital
interventions. The questionnaire also contained a statement
regarding informed consent and data confidentiality. As this
survey pertained to adoption, satisfaction, and dissatisfaction
with digital interventions used for mental health management,
detailed information about the profession of respondents was
not required. Before administering the questionnaire, the survey
questions were piloted and reviewed by a professor with >15
years’ experience in various aspects of occupational health and
safety and a public health professional with expertise in health
promotion and mental health. The Human Subjects Ethics
Sub-Committee of Hong Kong Polytechnic University approved
this study.

Piloting was performed to conduct face and content validity,
assess readability, clarify language, and establish the
appropriateness of the developed content within the intended
context of use [42]. Suggestions made included soliciting
information on gender, years of experience, and social media
use, whereas some questions were reworded. The final survey
is presented in Multimedia Appendix 1 [27,41,43,44]. The
survey questions were then developed using Google Forms, and
the link was sent via an email to the respondents using Google
Docs and the Mail Merge add-on by Quickluition.

Data Collection
The questionnaire was disseminated to the construction
personnel via their organizational or personal email addresses.
The Mail Merge add-on for Google Docs facilitated sending
bulk and personalized emails to the respondents. An email
introducing the study and containing the link to the survey was
sent to the professionals. The first page of the survey link
contained informed consent and confidentiality statements. On
the basis of convenience sampling, a total of 335 emails were
sent to the construction personnel in Nigeria between December
2018 and July 2019, while they were also encouraged to send
out the survey link to their colleagues engaged in on-site
building production and management.

A total of 62 responses were received following the convenience
and snowball sampling. By responding to the questionnaire,
this implies that 62 respondents gave informed consent.
However, the number of responses were comparable with studies
by Carolan and de Visser [27] and Anderson et al [43] on digital
health interventions based on 18 and 22 responses, respectively.
Comparable response rates (10%-20%) are common for surveys

JMIR Form Res 2021 | vol. 5 | iss. 11 |e18969 | p.182https://formative.jmir.org/2021/11/e18969
(page number not for citation purposes)

Nwaogu et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


conducted using emails or web-based mediums [45]. Although
it is difficult to ascertain the total number of surveys sent out
and the corresponding response rate due to the snowball
sampling, Bowen et al [46] recorded a response rate of 7%
following a web-based survey on work stress, stress effect, and
coping in the construction industry.

The low number of responses may also be attributed to the
research area being mental health management and due to
stigma, it is possible that potential respondents thought that
digital mental health interventions are meant only for persons
with mental ill health symptoms. Responses were obtained from
the respondents using Google Forms. To protect the
confidentiality of respondents, the survey questions did not
elicit contact details and affiliation of respondents in the survey
form, and all responses collected through Google Forms were
kept anonymous.

Data Analysis
Inductive content and thematic analysis of the retrieved data
were supported using MAXQDA version 18.1.1 software for
mixed methods analysis developed by VERBI GmbH. To ensure
the reliability of the data analysis, the themes and categories
were drawn in 2 stages to avoid bias; the codes, themes, and
categories were also checked and agreed upon by at least 3 of
the authors. First, the context or interpretation of the data was
later refined using themes in the existing literature. The word
cloud, word frequency, phrase finder, and categorization of
survey data features were used as appropriate for supporting
content and thematic analysis.

The word cloud and frequency tools were used to identify the
most used words; the font size of such words was bold compared
with others [47]. After identifying the most used words, they
were read in line with the sentences they appeared in and
autocoded appropriately. This implies, for instance, when asked,
“Do you use social media? If yes, kindly mention those you
mostly use.” The responses included “yes, Facebook, WhatsApp,
Linkedin” (Respondent NG #1); “FB, read news and latest post
from my friends” (Respondent NG #3). On performing the
analysis, words such as “Facebook, WhatsApp, LinkedIn, FB,
and, read, news” were identified. The words were then read in
line with the sentences in which they appeared to determine
their worth. For example, “and, read, news” were not autocoded,

whereas other words were autocoded. “FB” was also coded to
“Facebook.”

To avoid bias, the phrase finder (word combination) was used
to identify possible themes and autocoded for longer sentences.
Finally, to check for mistakes and refine the coding, the
categorize survey data was used, after which refinement was
performed manually. All autocoded themes in each question
were refined in line with themes from previous studies using
the categorize survey data tool. Subsequently, all segments
were edited appropriately following the themes identified from
previous literature or using a new theme as relevant to the
statements. Concluding on themes during autocoding or
refinement was also done with reference to the sentence in which
they appeared as well as themes identified in Stiles-shield et al
[29] and Simblett et al [30], followed by the descriptive analysis.
The codes before refinement are shown in Multimedia
Appendices 2 and 3.

Results

Overview
Of the 62 respondents, 56 (90%) were male and 6 (10%) were
female, and the mean age was 40 (SD 13.18) years. All
respondents owned a smartphone and were active social media
users. When asked which social media platforms they mostly
used, respondents indicated that they used Facebook, WhatsApp,
Instagram, Twitter, LinkedIn, and Telegram. Of the 62
respondents, only 24 (39%) had ever used digital interventions
for mental health management. This implies that less than half
of the respondents used their mobile devices or computers for
issues related to their mental health.

Information was sought on the type of digital mental health
interventions used by the respondents (Table 1). It was deduced
that the interventions used included mobile-based apps (14/24,
58%) and web-based apps (10/24, 42%). It was further revealed
that the respondents used mental health interventions for stress,
depression, anxiety management, and mental fitness. In addition
to using digital mental health interventions, 26% (16/62) of the
respondents reported using activity or fitness trackers and other
wearable technology. The wearable technologies used include
activity trackers and bracelet technology aimed at maintaining
mental health and fitness through health and wellness
interventions.
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Table 1. Demographics and how construction personnel in Nigeria use digital interventions for their mental health (N=62).

Participants, n (%)Demographic information

Work experience (years)

18 (21)1-5

18 (24)6-10

12 (21)11-20

14 (33)>20

Respondents who use electronic gadgets (mobile devices or computers) for mental health–related issues

24 (39)Yes

38 (61)No

Respondents who use digital interventions for their mental health (na=24)

Type of mental health intervention used

14 (58)Mobile-based app

10 (42)Web-based app

Respondents who use wearables (n=16)

Type of wearable devices

15 (91)Activity trackers

1 (9)Bracelet technology

Wearable technology connection or synchronization (n=16)

15 (91)Smartphone connected

1 (9)Standalone

Aim or purpose of using such digital intervention (n=17)

6 (25)Anxiety

5 (21)Depression

4 (17)Stress management

2 (8)Mental fitness

an: the number of responses.

The wearables were mostly phone connected or synchronized,
although a few others, including the bracelet, were standalone
wearables. The activity or fitness trackers include different
brands of Fitbit, Apple Watch, Smartwatch, and Garmin
mediums, used for lifestyle interventions, including physical
activity, sleep tracking, heart rate, and blood pressure
monitoring.

Barriers to Using Digital Interventions for Mental
Health Management
When asked, “If you do not use your gadgets for anything
concerning your mental health, would you like to?” Among the
38 participants who were yet to use such interventions, 28 (74%)
expressed willingness to use their electronic gadgets for mental
health management. This signaled that barriers to the adoption
of digital mental health interventions among the participating

construction personnel in Nigeria could be related to a lack of
awareness or limited knowledge about digital mental health
interventions. In addition, of the 28 respondents willing to adopt
digital mental health interventions, 4 (14%) indicated needing
them for depression and anxiety management.

Respondents mentioned dislikes about the interventions and
reasons to stop use, highlighting barriers to the continual use
of digital mental health interventions (Table 2). Of the 24
respondents who had used their gadgets for something
concerning their mental health, 15 (63%) reported no dislikes
that will cause them to stop using the interventions, whereas 9
(37%) expressed some dislikes and reasons for stopping use.
These dislikes and reasons for discontinuing digital mental
health interventions were grouped into 5 categories: usability,
efficiency and effectiveness, high cost, boring due to lack of
human interface, and time-consuming.
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Table 2. Linking the findings to the Unified Theory of Acceptance and Use of Technology (UTAUT2) framework.

Identified UTAUT2 constructResponsesConstruct, themes

Barriers

Barrier to adoption

Lack of awareness and
knowledge

•• N/Ab—a

Barriers to persistent use

Usability •• Effort expectancy, facilitating conditionsNavigation problems due to having too many options
• Quite complicated
• Technical malfunction
• Battery life
• Synchronization demands

Efficiency and effectiveness •• Performance expectancyNot logical or practical
• Not correct
• Not accurate or not efficient
• To obtain a better one

High cost •• Price valueSubscription cost
• Data usage

Boring due to lack of human
interface

•• Facilitating conditionsRobotic in nature and boring

Lack of time •• Effort expectancyTime consuming to input answers to all questions
asked

Motivators

Intrinsic and extrinsic

Efficiency and effectiveness •• Performance expectationIt is OK (ie, good)
•• Performance expectancyIt gives correct answers
•• Performance expectancy, social influenceGood and better mental health (ie, improved health)

• Serve the purposes for which it is meant for
• Give accurate results when monitoring health status
• Stress reduction

• relaxes palpitations
• reduces stress

• Quick access to health monitoring
• quick access to solution
• provides fast access to monitor mental ill health

symptoms

Usability •• Facilitating conditions, effort expectancyEasy to use

• App working well

Extrinsic

Providing motivations •• Hedonic motivationClient’s prompt motivational pull sessions

aNot available.
bN/A: not applicable.

Feedback from respondents on the barriers to the persistent use
of digital mental health interventions includes the following:

I use an app for mood tracking, quite good, but the
options make it quite complicated. The wearable
device I use can be annoying due to of the
synchronization time. I need to delete initial sync to
the app sometimes and start all over, and it can be
stressful. [Respondent #2]

The applications have too many options, navigation
becomes too tedious. [Respondent #22]

It is sometimes not correct. The beginning question
on checking depression seems like prepared to classify
me into having depression always. Sometimes, I input
the wrong answers, but it still says I have depression.
Sometimes, I struggle with downtimes, but not always.
[Respondent # 41]
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The app works but some of the activities to relieve
stress don’t seem to be logical or practical to help
the situation. [Respondent #13]

I use a paid app for my stress and anxiety, while it
seems good for me and needs dedication, subscribing
is a bit expensive because it is international, maybe
a local content will be a bit cheaper. [Respondent
#34]

It is so time-consuming. It can consume time as
someone has to answer several questions.
[Respondent #53]

Respondents noted they would stop using the interventions for
the following reasons:

It was consuming my data, so I stopped using it.
[Respondent #8]

It is expensive to maintain premium subscription on
the app I use. [Respondents #34]

I want to get a more accurate one. I used a free one
that is artificial intelligence empowered; it asked
questions about stress and how my sleep was. I
answered by typing how unrested I feel when I wake,
and it said I understand, followed by, that is, a lot of
questions. The reply was off point. It put me off. I
stopped using immediately. [Respondent #41]

It is robotic, nobody to respond or communicate. It
can be boring. It is not exact. [Respondent NG #14]

Motivators for Using Digital Interventions for Mental
Health Management
To determine the motivators for using digital mental health
interventions, information was elicited on likes for interventions
and services or things that would boost continual use of the
interventions (Table 1). Furthermore, additional features that
users of mobile-based apps would like to see in future mental
health apps were determined. Motivators are measures that
would support customer satisfaction and engagement. These
features could also facilitate the continued use of mobile-based
applications and reduce premature dropout from digital
interventions when used in mental health management.

When asked what they liked about the interventions,
participants’ responses were grouped into 2 categories (Table
2): efficiency and effectiveness and usability. Efficiency and
effectiveness were also related to the ability of the interventions
to aid stress reduction and quick access to health monitoring.
Specifically, respondents indicated the following:

It is quite easy to use, though the questions are not
straightforward. [Respondent #1]

Feedback from instructor. [Respondent #12]

Gives correct answers. [Respondent #17]

I used it to monitor my anxiety level. [Respondent
#16]

It makes me quickly check up on what level I am at
my mental health space, fast access to checking the
level of depression symptoms, though sometimes not
completely accurate. [Respondent #41]

Quick access to solution. [Respondent #22]

It reduces stress. [Respondent #21]

It relaxes me from palpitations [Respondent #27]

Respondents were asked what services or features would
encourage them to continually use the interventions until the
desired health goal was achieved. The respondents indicated
that ensuring the usability, efficiency and effectiveness of the
interventions, and their ability to provide motivational pulls
would boost sustained use. Respondents highlighted the
following services or features to encourage engagement:

An app that works well. [Respondents #13]

Accurate results, it should be more accurate.
[Respondents #18]

If it serves the purpose to which it is meant, then it is
worth continuing. [Respondents #22]

Client’s prompt motivational pull sessions.
[Respondents #12]

When asked about additional features to incorporate into a
digital mental health app, respondents indicated music, educative
posts, motivational posts (ie, quotes), news alerts, comedy skits,
and other health features, for example, some respondents
mentioned the following:

Educative posts on health and some on work.
[Respondent #1]

Meditational music. [Respondent #45]

Music. [Respondent #53]

I want an app that will be more than just mental
health, an Artificial Intelligence-based app that is
educative on other stress-related issues. [Respondent
#58]

Discussion

Principal Findings
This study shows that key barriers to using digital mental health
interventions among construction personnel in Nigeria include
efficiency and effectiveness, usability, high cost, boring due to
lack of human interface, and lack of time. On the basis of these
results, lack of awareness of and knowledge about digital mental
health interventions, if not attended to, may constitute a barrier
to adoption. Hence, the barriers can be categorized as barriers
to adoption and barriers to persistent use. Regarding the
motivators to use, respondents mentioned usability, efficiency
and effectiveness, and motivational features as important reasons
they liked the interventions or features that could boost user
engagement. It is evident that these are foundational
characteristics that digital interventions need to possess to ensure
user engagement and persistent use. Owing to the shortage of
studies on this topic among lower middle-income economies
and construction personnel, comparisons made in the discussion
are drawn from evidence in the general body of knowledge,
especially from populations in high-income countries.
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Barriers to and Motivators for Using Digital Mental
Health Interventions

Performance Expectancy
Performance expectancy measures were related to both barriers
and motivators to using the interventions among construction
personnel. They included efficiency and effectiveness measures,
such as giving a better result, practicability to meet desired
mental fitness and health needs, stress reduction ability, and
quick access to health monitoring. In the case where the
expectations were not met, it appeared a barrier to use, whereas
if otherwise, it was a motivator for continued use. The ability
of these interventions to enhance stress reduction and quick
access to health monitoring can be described as an intrinsic
motivator for using them. Generally, people use their digital
devices to conduct a web search for information about their
mental health, understand their experiences, and learn strategies
to cope effectively [48]. These digital interventions allow for
regular health assessments and quick access to resources for
health-related information [49]. They can also be efficient and
easy to use [50].

Meeting efficiency and effectiveness need is critical, as health
care consumers are more likely to adopt and use electronic
health technologies that can deliver the intended goals. In this
study, some respondents had to stop using mental health apps
due to efficiency and effectiveness concerns. There is a general
concern over the ability of digital mental health interventions
to meet intended treatment needs [29]. It is essential to conduct
thorough quality testing for all features or services before
deployment to facilitate engagement with digital mental health
interventions. A crucial step to meeting effectiveness demand
is for developers of future digital mental health interventions
to adequately address the outlined concerns and needs that
constitute barriers to use.

Bakker et al [51] suggested that such efficiency and
effectiveness concerns could be linked to a lack of experimental
validation for many publicly available digital mental health
interventions. The ineffectiveness of the interventions may have
resulted from a one-size-fits-all approach, which makes digital
interventions less flexible and personalized [52]. Future digital
interventions for the construction industry and allied professions
in lower-middle-income settings such as Nigeria would benefit
from ensuring that the gold standard for validation, which is a
randomized controlled trial, is followed to ensure efficacy.

Facilitating Conditions and Effort Expectancy
Similarly, facilitating conditions and effort expectancy needs
were both barriers and motivators to use. The facilitating
conditions construct was related to usability and feelings that
the interventions are boring due to lack of human interaction
and personalized feedback, whereas concerns about usability
and lack of time were related to effort expectancy. Usability
appeared as a motivator and barrier. This finding is consistent
with previous research, including a study that showed that
boredom while using digital interventions to manage health
negatively impacts user engagement [43]. To solve concerns
about the lack of feedback, the integration of human support in
interventions is a potentially valuable strategy [29] and may

assist in eliminating the robotic feeling and perception of
ineffectiveness. Digital interventions for mental health delivered
on the web (ie, web-based) that incorporate human guidance or
coaching appear to yield better results and user engagement
than unguided interventions [27,29]. A significant obstacle to
the use of electronic health services by potential users is the
absence of support or resources, which would allow them to
use such services properly [35].

Usability concerns were related to a technical malfunction,
which may have resulted from a sudden failure in the
functionality of mobile apps. In this case, mental health apps
were reported to fail during use, thus restricting the proper use
of the interventions. Difficulties arising from connecting
wearable devices with apps, the disappearance of apps (from
the digital interface or dashboard), system freezing, and loss of
power are significant factors that can affect the usability of
digital interventions in managing health [30]. Another factor
that affected the usability of digital mental health interventions
was navigation demands, as some interventions were reported
to have too many navigation options, making them complex to
use.

Ensuring usability cannot be overlooked because construction
personnel are more likely to use interventions that are easier to
grasp when managing mental health [35]. To address usability
concerns in mental health apps, it is important that apps are user
tested and determined to be of good quality before deployment.
A detailed guide for proper installation and use can also be
provided to solve the functionality, synchronization, and
navigation demands. It was also deduced that a large amount
of time required to input information on feelings into digital
mental health interventions was worrisome. This finding was
consistent with that of Peng et al [44] in that the time required
to input responses on feelings can be reduced by putting
measures in place to satisfy the effort expectancy construct.

Price Value
This study reveals that the price value construct of UTAUT2
was related to high costs. High cost was identified as a barrier,
as respondents mentioned that the cost of subscribing to mental
health–related apps and internet access were deterrents for use.
It included dislike for the cost involved in subscribing for the
paid version of mental health apps as most were from a context
outside Nigeria and involved elevated exchange costs and the
cost for internet data. Furthermore, the cost of internet access
(ie, data package) for deploying mental health apps [29] is a
consistently reported barrier to using such interventions to
manage mental health. Consumers of a product usually consider
the cost related to acquiring a product or service; thus, price
value is an essential determinant of use and acceptance [35].
Therefore, context-based interventions guided by strong
psychological principles should be developed for a lower
middle-income country such as Nigeria and its construction
industry to address high cost concerns. Designers should ensure
that efficiency and effectiveness are maintained while meeting
affordability. This would mean that although extra (secondary)
features can differ between subscription packages, the primary
features necessary for effective mental health management
should be the same and meet the required standard.
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Most apps require a web-based connection, especially in cases
of linked services, such as listening to meditation music. It
would be necessary that designers include a download button,
to enable downloading real-time services such as meditation
music or e-coach session over a wireless network, which can
be followed when a user is no longer connected to wireless
access. This is especially important in low-resource settings
such as Nigeria, where wireless connectivity can be highly
variable. Designers should address these barriers in future digital
interventions designed for the Nigerian context, as this would
help ensure sustained engagement with digital interventions
toward reaching the desired health goal and the promotion of
improved mental health.

Hedonic Motivation
The need for quick motivational pull-ups and feedback could
also serve as important extrinsic motivators and help solve the
negative impact of social influence. For example, taking
web-based interventions delivered through social media groups.
Although such forums have helped in mental health
management, concerns about the quality of information and
materials accessed through such platforms have been highlighted
[48]. The role of motivating users of such interventions is critical
and should not be taken for granted. Integrating quick
motivational pulls and feedback can increase their effectiveness
and use. For online support groups, moderators should quickly
attend to the concerns or issues raised. This will also help ensure
efficiency and effectiveness, offering more significant potential
to boost adoption and engagement.

Desired Additional Features for Mental Health Apps
Respondents indicated that comedy skits, music, educational
posts, motivational posts, and news were additional features
that they would like to see incorporated into future mobile-based
apps. There is evidence showing that to increase employees’
engagement with digital mental health interventions,
motivational quotes are often sought [27]. Carolan et al [27]
reported that half of the participants in their study affirmed
receiving motivational quotes and well-being information,
preferably every Monday morning. Such motivational messages
are indicated to improve mental health, as people who choose
to receive them show significant symptom reduction [53].

In the case where such interventions are personalized for
delivery in an industrial setting, educational (informative) posts
relating to occupation, health, and well-being can potentially
improve engagement. The desire for comedy skits was a
recurrent feature desired among the respondents and beams light
in the context of Nigeria. The respondents reiterated that this
feature, along with its effectiveness, would facilitate continual
use. Wilkins et al [54] noted that humor and laughter impart
health and well-being. In the Nigerian context, comedy skits
are a popular medium of humor, which generates laughter that
helps mitigate depression and other stress reactions [55]. Agwu
and Tiemo [54] reported that laughter and biofeedback are ways
to cope with stress among construction personnel. Comedy is
a big business in Nigeria, a menu served at nightclubs in Nigeria
and has moved from stand-up to web-based skits [55,56]. This
may be because they provide a way to distract Nigerians from
the worsening socioeconomic conditions that stare them in the

face. Incorporating animated comedy skits related to stress,
mental health, and well-being as an additional feature in future
mental health apps can provide hedonic motivation, thereby
facilitating persistent use while delivering its primary health
goals.

Designers of digital interventions will need to use their
discretion to determine whether it is practicable to incorporate
these additional features into an intervention while targeting
the primary outcomes of mental health management. Mobile
app interventions for mental health promotion of construction
personnel can be enhanced with motivational posts (ie, quotes),
educational posts, comedy skits, and preloaded relaxation music.
Additional user feedback should be obtained, and the
effectiveness of these features should be validated before
deployment.

Limitations
Despite the overall sample size being small, it was valuable for
an exploratory study of this nature. It is important to note that
these results act as a guide to inform future studies focused on
developing and delivering digital mental health interventions
in the construction industry in a lower-middle–income country.
Efforts were made to solicit as many responses as possible.
However, because it was a web-based survey without
compensation for respondents, many individuals may not have
been self-motivated to respond. Another reason might be that
the study is related to mental health, and individuals may have
declined to participate due to stigma issues or misconceptions
about mental health or cultural beliefs prevalent in Nigeria. The
reduced response rate could also be due to the perception of no
previous or intended need for such digital interventions for
mental health management.

Another limitation of this study was the use of an anonymous
web-based survey and open-ended questionnaire, which did not
allow a follow-up to probe into some responses. However, this
methodology was adopted to ensure anonymity and explore
diverse views among users within the Nigerian construction
industry. Owing to the limited sample size, it was not possible
to determine the influence of age and gender on digital
intervention use and acceptability, as detailed by UTAUT2.
Nevertheless, because this study was exploratory and not
conclusive, the influence of the variables was not a necessary
factor. Finally, owing to the size of this study, the results may
not be generalizable to other low-resource countries, similar
occupational groups, or construction men. Therefore, these
results should be interpreted with caution. However, this study
spurs research reasoning in this direction.

Conclusions
This study explored the use of digital mental health interventions
for self-management among construction personnel in Nigeria.
Several barriers and motivators to the use of digital interventions
in mental health management were deduced from this study and
linked to the UTAUT2 framework following the inductive
content analysis process. The barriers comprised usability,
efficiency and effectiveness, high cost, boring due to lack of
human interface, and lack of time. The motivators were
efficiency and effectiveness, usability, and motivation.
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This study shows that efforts are needed to provide awareness
of the use of digital interventions for mental health management
among construction personnel. This awareness should emphasize
the different outcomes related to such interventions, including
stress management, adequate sleep management, and mental
fitness, which would help maintain good health. The
construction industry needs to leverage digital interventions to
ensure the mental fitness of its workers. For instance, cognitive
behavioral therapy is also a preventive technique and can be
delivered through digital mental health interventions, thus
helping to prevent mental ill health. Therefore, the adoption of
digital mental health interventions will be a potentially important
avenue for delivering mental health services and universal
prevention interventions throughout the construction industry
in low-resource settings.

Although most of the findings are consistent with previous
findings on digital health interventions, this study has extended
the body of knowledge on digital interventions for mental health
management by exploring construction personnel in Nigeria.
The study reported that low awareness and knowledge about
digital mental health interventions may be a viable barrier to
use, with stress reduction (ie, the ability to reduce stress) as an
intrinsic motivator to use. Furthermore, salient features desired
by study respondents as additions to mental health apps included
comedy skits, music, educative posts (resources), and
motivational posts (ie, quotes). The respondents did not want
their apps to be just a health tool; they also desired it as an
educational and motivational tool. Future research should
examine the suitability of such educational resources, such as
routine tips on health, safety, and well-being. The provision of
motivational quotes would be more impactful if they are
enhanced with personalized features and tailored to the needs

of unique users. Tailoring has proved to be highly effective in
supporting health communication and education efforts [44].

Future research should examine how organizations can
adequately influence the use of digital mental health
interventions in the Nigerian construction industry without fear
of stigmatization. This study has revealed that feedback from
users of digital mental health interventions can inform design
information. This exploratory study offers a first step toward
identifying some of the barriers to and motivators for the use
of digital interventions in lower middle-income countries such
as Nigeria. The next step would be to conduct a quantitative
survey based on the findings of this study, which will then allow
for comparative analysis and more conclusive results to inform
the field of research. There is a need to further examine the level
of awareness and knowledge about digital mental health
interventions among construction personnel in Nigeria. This
will help determine how uptake is affected by the knowledge
about the different mental health fitness abilities that such
interventions hold.

The findings from this study suggest that attending to these
barriers and motivators will assist in eliminating abrupt exits
from digital interventions for mental health management. The
ability to ensure engagement with the interventions will allow
construction personnel to cope with work stress and enhance
positive mental health, especially if appropriate engagement
theories and user needs ground the development of such
interventions. The results of this study will assist in the design
of new digital mental health interventions to deliver to personnel
in the construction industry and improve existing interventions.
Therefore, there is a need to leverage digital mental health
interventions within the Nigerian construction industry for
mental health promotion.
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Abstract

Background: Clinicians spend large amounts of their workday using electronic medical records (EMRs). Poorly designed
documentation systems contribute to the proliferation of out-of-date information, increased time spent on medical records, clinician
burnout, and medical errors. Beyond software interfaces, examining the underlying paradigms and organizational structures for
clinical information may provide insights into ways to improve documentation systems. In particular, our attachment to the note
as the major organizational unit for storing unstructured medical data may be a cause of many of the problems with modern
clinical documentation. Notes, as currently understood, systematically incentivize information duplication and information
scattering, both within a single clinician’s notes over time and across multiple clinicians’ notes. Therefore, it is worthwhile to
explore alternative paradigms for unstructured data organization.

Objective: The aim of this study is to demonstrate the feasibility of building an EMR that does not use notes as the core
organizational unit for unstructured data and which is designed specifically to disincentivize information duplication and information
scattering.

Methods: We used specific design principles to minimize the incentive for users to duplicate and scatter information. By default,
the majority of a patient’s medical history remains the same over time, so users should not have to redocument that information.
Clinicians on different teams or services mostly share the same medical information, so all data should be collaboratively shared
across teams and services (while still allowing for disagreement and nuance). In all cases where a clinician must state that
information has remained the same, they should be able to attest to the information without redocumenting it. We designed and
built a web-based EMR based on these design principles.

Results: We built a medical documentation system that does not use notes and instead treats the chart as a single, dynamically
updating, and fully collaborative workspace. All information is organized by clinical topic or problem. Version history functionality
is used to enable granular tracking of changes over time. Our system is highly customizable to individual workflows and enables
each individual user to decide which data should be structured and which should be unstructured, enabling individuals to leverage
the advantages of structured templating and clinical decision support as desired without requiring programming knowledge. The
system is designed to facilitate real-time, fully collaborative documentation and communication among multiple clinicians.

Conclusions: We demonstrated the feasibility of building a non–note-based, fully collaborative EMR system. Our attachment
to the note as the only possible atomic unit of unstructured medical data should be reevaluated, and alternative models should be
considered.

(JMIR Form Res 2021;5(11):e23789)   doi:10.2196/23789
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Introduction

Inefficient Electronic Medical Records: Why It Matters
Clinicians spend much of their workday using electronic medical
records (EMRs), both getting data in—entering new information
about patients—and getting data out—searching for and
summarizing past information. Some studies estimate that
ambulatory physicians spend approximately 50% of their work
time navigating, searching, and entering information into the
EMR [1]. Therefore, optimizing clinical information
management systems is crucial for clinician efficiency,
satisfaction, and high-quality patient care. Poorly designed
information management systems lead to the proliferation of
out-of-date or incorrect information [2-4], increased time spent
searching medical charts [1,5,6], medical errors [3,4], and
clinician burnout [5,7-10], while limiting the effective use of
EMR data for individual or population-level applications.

Given the scope and impact of the problem, we must critically
evaluate the core conceptual assumptions that underpin our
current practices. For instance, are notes the best organizational
unit for unstructured clinical data? Should clinicians in different
teams always document in separate locations? Which data
should be recorded and stored in a structured fashion, and which
in an unstructured fashion? Historically, these questions have
been informed less by principled usability concerns and more
by regulatory requirements, vendor incentives, and holdover
intuitions from the era of paper records, which have
fundamentally different capabilities and limitations than
electronic systems. A robust field of EMR usability studies
would enable empirical examination of our intuitions regarding
the optimal management of clinical data using controlled studies
[11-16].

What Creates Inefficient EMRs: Chaos and
Complexity
Patient care is exceedingly complex, and the practice of
medicine has increasingly recognized this fact [17-19]. Medicine
has heightened its focus on holistic care, population health, and
the behavioral and socioeconomic causes of medical diseases.
However, the EMR systems that have emerged in the past 20
years are inappropriately suited to clinicians’ mental models
and the realities of modern medical practice [20].

Within the EMR, clinical data are stored in multiple formats:
unstructured clinical notes, semistructured reports, and
structured lists of laboratory values, medications, problems, and
allergies. Beasley et al [2] defined a framework, information
chaos, for analyzing the information problems that arise in
modern electronic charts and plague physicians. A physician’s
ability to diagnose and treat heavily relies on the interpretation
of information, much of which is stored within the EMR, such
as the subjective history, physical examination, vital signs,
laboratories, and imaging findings. Information chaos is a theory
that highlights the spectrum of difficulties incurred in processing

this large volume of information, which hinder timely access
to this information. In addition to producing delays in care,
these obstacles result in a substantial but nonessential
expenditure of cognitive effort on the part of clinicians,
ultimately contributing to higher rates of clinician burnout and
medical error. The theory delineates five major hazards of
information chaos: information overload, information underload,
information scatter, conflicting information, and erroneous
information. These hazards reinforce each other in overt and
subtle ways (see Multimedia Appendix 1 for additional details).
A user-friendly EMR should incentivize behaviors that minimize
information chaos to facilitate quick and accurate clinical
decisions and summarization. In contrast, poorly designed
systems and paradigms increase the likelihood of behaviors
that lead to redundant, conflicting, scattered, and erroneous
information, inhibiting excellent care.

Although EMR system designs exacerbate information chaos,
a clearly delineated educational framework for teaching and
assessing physician-learner EMR skills could ameliorate some
of these issues. The reporter, interpreter, manager, and educator
(RIME) framework provides an educational framework that
could be readily extended to EMR competencies, as outlined
by Stephens et al [21] (RIME/EMR scheme). They argue that
the Accreditation Council for Graduate Medical Education core
competencies are applicable to EMR skill development and
clinical practice and that the importance of information
technology in facilitating lifelong physician learning necessitates
an examination and careful planning of educational strategies
to develop effective EMR users. As physicians develop from
reporters to educators clinically, their abilities to find relevant
data, order appropriate tests, and document thoroughly and
accurately within the electronic systems must improve to match.
However, the lack of intelligent organization of the data,
unnecessarily complicated ordering systems, and paper-era
documentation tools impede the advancement of these skills.
A user-friendly EMR, designed through the lens of the
RIME/EMR scheme, could provide easier reporting tools; guide
rails for learning to interpret, integrate, and plan based on
clinical data; and decision support based on the best, up-to-date
evidence in nearly real time. Such a system is reminiscent of
Weed’s [22] proposed system that guides and teaches.

What Creates Inefficient EMRs: Dealing With
Structured and Unstructured Data
In modern EMR systems, limited classes of structured data are
recorded and viewed within non-note interfaces. The historical
distinction between which data are structured and unstructured
is largely arbitrary and a historical consequence of the
"Meaningful use" initiative and other regulatory initiatives.
Storing information in a structured form facilitates data-specific
interfaces (eg, medication reconciliation interfaces), clinical
decision support (CDS) tools, and automated population-level
analyses. However, entering data in a structured format is more
onerous for the clinician than the large, unstructured, free-text
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blocks such as those found in notes, particularly if the interface
requires interruption of cognitive flow or multiple clicks to
navigate between structured data entry points. Furthermore,
individual clinicians are unable to define their own structured
data elements to improve their workflows. We should question
the traditional distinctions between structured and unstructured
data. Specifically, the principle of designing to minimize
information chaos can be used to guide a more principled
understanding of structured data—historical precedent alone
should not be the guide for system design.

How the Current Idea of the Note Contributes to EMR
Inefficiencies
Bundles, defined by Gorman [23] as “organized, highly selective
collections of information,” are used extensively by clinicians
to manage information in health care settings characterized by
uncertainty, frequent interruptions, and grave outcomes. In these
settings, time and attention are limited, and interdisciplinary
care is essential. Effective design and selection of information
bundles is critical to effectively communicate, filter, and act on
medical information.

Currently, the most common EMR paradigm for documenting
unstructured information uses bundles called notes. A note is
simply a bundle of text that contains a group of related but
distinct clinical observations and decisions. Notes generally
organize unstructured information in three major ways: (1) by
time slice (each note focuses on events and reasoning from a
discrete, limited span of time), (2) by clinical thread (each note
focuses on particular clinical topics and omits others), and (3)
by responsibility (each note’s writer is responsible for the
entirety of the note’s content). These 3 principles of unstructured
data organization are sensible (Table 1); however, a note, as
currently conceived, is a poor choice of information bundle that
directly creates information chaos.

Note-based organization causes information chaos at two major
levels: (1) at the level of the single clinician duplicating
information in multiple notes over time and (2) at the level of
multiple clinicians or teams duplicating information in
independent clinical threads.

Table 1. The 3 major ways that notes organize unstructured information into discrete bundles.

Organizational paradigm

ResponsibilityThreadTime slice

Description ••• The writer of each note is re-
sponsible for and simultaneous-
ly attests to all information
within it.

Different sets of notes focus on sets
of particular clinical topics (a thread)
and omit or deemphasize others.

Each note holds information from a partic-
ular time slice of a patient’s history.

Examples ••• Attending physicians and
trainees may write separate
notes or note segments contain-
ing the same information.

A thread of outpatient progress notes
focuses on the management of
chronic problems; a thread of nursing
notes in a hospitalization focuses on
nursing care issues; and a thread of
cardiology consult notes focuses on
the patient’s cardiology history, ex-
am, diagnoses, and treatments.

Each progress note in a set of hospital notes
holds information about a particular 24-
hour period; each outpatient visit holds in-
formation about the period between the
previous visit and that visit.

Utility ••• Enables clear assignment of
responsibility for a particular
set of facts and reasoning.

Enables limited filtering by subject
matter (for consult services, social
work notes, and nursing notes)

Enables sorting and filtering information
by time

• Enables entirely independent docu-
mentation by clinicians in different
threads

Source of infor-
mation overload
or duplication

••• Information may be redocu-
mented multiple times or by
multiple clinicians rather than
simply attesting to one’s
agreement with a colleague.

Most of a patient’s medical informa-
tion is shared among different clini-
cal teams or threads; however, it is
redocumented or copy-pasted in
multiple independent note threads.

Most of a patient’s medical information
remains the same from time t to time t+1;
however, it is often redocumented or copy-
pasted forward from a previous note.

Source of infor-
mation scatter

••• N/AaDifficult to see where clinicians dis-
agree on a particular issue (history
element and examination finding), as
it requires navigation among multiple
notes

Difficult to track the course of a chronic
problem over time (it either requires navi-
gation among many notes or accumulative
charting, where each note continues to grow
in size and hold the entire history of the
patient)

• Difficult to document small single-fact up-
dates without making an entirely new note

aN/A: not applicable.
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The first problem may be caused by 2 rival conceptions about
what a note as time slice is supposed to be. On the one hand, a
note can be seen as a bundle of new updates—only holding the
information that has changed since the previous note. This
minimizes information duplication but increases information
scatter; tracking a patient’s problem over time requires
navigating across many notes. On the other hand, a note can be
seen as a complete current state of the patient. In this view,
anyone reading only a single note has a complete picture of the
relevant information at that time. This practice minimizes
information scatter but leads to charts bloated with duplicate
information, making it difficult for a later reader to identify
what has changed from time t to t+1, and makes it onerous to
expunge errors from the chart. This conception of the note forces
us into a trade-off between information scatter and information
overload. In addition, information is commonly duplicated
across multiple note threads, although most of the patient’s
clinical data are the same. The information that does differ is
usually unintuitively scattered in different places, making it
difficult to reconcile conflicts, thereby limiting the potential for
meaningful collaboration within the EMR. In this study, we aim
to develop a novel EMR system that uses a fully collaborative,
dynamic, and problem-oriented approach to minimize
information chaos within electronic patient charts. We aim to
explore the pros and cons of a non-note paradigm in an attempt
to expand the dialog around EMR usability.

Methods

Overview
We sought to design a system that breaks down the traditional
barriers of structured and unstructured data based on the notion
that the current organizational principle of notes is a major
contributor to information chaos within the EMR. In particular,
we believe that the rigid organization of unstructured data by
time slice, thread, and responsibility leads to information
overload and information scatter, which in turn may lead to
wasted time and effort, medical errors, user dissatisfaction, and
clinician burnout. We hypothesize that it is feasible to build a
modern EMR that does not use notes as the major organizational
units for unstructured data and allows clinicians the flexibility
they require to perform an unpredictable job.

Design Principle: Designing to Minimize Information
Chaos
To prevent information overload and scatter, the core operating
principle of a clinician using our EMR is as follows:
redocumentation is to be fundamentally disincentivized at every
aspect of the system’s design. Taken to its logical extreme, in
an ideal system, a user should find it absurd or unthinkable to
redocument the same information multiple times within the
same patient chart. Details will be discussed in the Results
section, but the key principles are listed below.

First, within an individual clinician or team’s thread of
documentation over time, the default assumption is that
information will remain the same over time; information that
changes is the exception. This is a sensible assumption, given
that a patient’s accumulated past medical history will rarely be

changed once recorded, and many aspects of a patient’s current
medical state will remain the same between 2 consecutive
clinical notes. This means that our system’s interfaces should
be designed around small-scale changes of individual data
elements without requiring redocumentation of the remainder
of the unchanged data—something not possible under a note
framework, which usually treats the note as the atomic unit of
writable and viewable information. In contrast, we identify
individual data elements as the atomic unit of writable
information rather than the note, which is, by definition, an
aggregate of many data elements. This is the first intuition that
leads us to reject the note as an information organization
principle.

Second, clinicians on different teams or services (ie, those who
would traditionally use different note threads) should not be
required to maintain separate copies of the information that does
not differ among teams or services. We would seek to reduce
the number of distinct clinical threads and incentivize the shared
maintenance of an entirely collaborative chart wherever
possible. This has numerous benefits, including reducing
information overload, information scatter, and error propagation
while facilitating more meaningful collaboration within the
EMR. This requires dissolving the sharp boundary between
notes written by different teams in favor of a default
collaborative workspace. Although this may initially worry
some readers, we will explain in detail how we deal with the
concerns around responsibility tracking in the Results section.
We believe that the benefits significantly outweigh the costs.

Third, wherever it needs to be recorded that information has
not changed since the last documentation event, the fundamental
mode of doing so will be attestation, not redocumentation. A
clinician can attest to the current state of the information they
are responsible for without typing it out again (or even
copy-pasting it). This saves time and effort while reducing
information overload. This principle also requires us to reject
the note as the atomic information unit in favor of something
more like a dynamic living workspace.

Design Principle: Baked-In CDS
Another key design principle, which our system shares with the
traditional problem-oriented medical record [22], is the notion
that medical records should guide and teach—that is, facilitate
learning and CDS at the problem level. For instance, if a
clinician indicates that a patient has congestive heart failure
(CHF), the system should present the clinician with a framework
for how to think about that problem, including relevant data to
be collected, active diagnostic possibilities, actions to be
considered (including diagnostic tests, therapeutic orders,
consults, and dispositional concerns), and links to external
information resources. These frameworks should be informed
by other information already captured in the chart—for instance,
if a cardiac history was already captured in the context of a
coronary artery disease workup, that information should be
viewable by default from within the CHF problem, removing
the need to search for that information (and, if unchanged, the
need to redocument it).

In this way, CDS is baked-in at the point of diagnosis and patient
conceptualization, not merely at the point of structured data
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entry (eg, medication orders). A good documentation system
serves as a mental scratchpad, which mirrors clinician cognition
while providing suggestions and support to overtaxed human
brains [24,25]. Such systems would not only help trainees learn
how to think about particular problems but also facilitate the
incorporation of the latest treatment guidelines and research
studies by clinicians at all levels of training. Given the large
volumes of information required for modern medical practice,
such a system would likely serve an important checklist role,
freeing physicians to focus on more uniquely human cognitive
and emotional concerns. A proper system would allow for
sensible defaults at the institution level but would always enable
clinicians to build their own custom individual templates for
their own practices. Textual templates in existing note-based
EMRs enable some of these capabilities but do not have the
kind of granularity or conditional logic necessary to achieve
the full potential of such a system, largely because of the
constraints of a note-based organization.

Then, a necessary component of a non–note-based system is an
engine that enables clinicians to build their own granular
problem-based CDS and workflows. We describe our
implementation of such a system in the Results section.

Software
Our system is a web-based EMR system. All the server-side
code was written using the Python language with the flask web
framework. On the back end, we used the MongoDB database
to store app data. The front end is written in JavaScript using
the Vue framework. The SocketIO framework was used to
facilitate real-time multiuser collaboration and push notification
functionality. When an update to a patient’s chart is made, the
server notifies all other active users of the change, enabling
real-time collaboration. For further details on the implementation
of real-time collaboration, see Multimedia Appendix 2 [26].
The software was developed iteratively with multiple rounds
of idea generation, user testing, and feature refinement.

Results

Overview
Below, we describe the major components of the software and
their implementation. Each of these key features is designed to
decrease information chaos—particularly the duplication and
scatter of related information in disparate locations. Figure 1
shows the overall relationships between the different conceptual
entities and data structures in the MongoDB database.

Figure 1. Database diagram showing the organization of the major conceptual entities in the system. MRN: Medical Record Number.

Cards
Under a note-based paradigm, all information covering a
particular time slice of a patient’s medical life (eg, a single day
of hospitalization) must be stored together in one note,
regardless of content. As discussed above, this organizational

scheme forces users to write notes that are overloaded with
information or that are underloaded, with information scattered
across many notes. Instead of the note as time slice approach,
our system takes inspiration from work on the problem-oriented
medical record [22] and organizes information by topic to
facilitate charts that teach and guide. In our software, each topic
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is represented by a card, which holds a set of information related
to that topic. Each card consists of a title and multiple fields
that provide additional structure within the topic (Figure 2).
Cards are frequently used to capture individual medical
problems; for instance, a CHF exacerbation card might hold
fields representing the patient’s history of present illness,
relevant physical exam findings, outpatient clinicians, laboratory
and imaging results, and treatment orders. However, cards are
designed to be flexible enough to capture topics that do not
neatly map to medical problems, such as "demographic data",
"cardiology consult recommendations", "list of outpatient
clinicians", "nursing comments", or "overnight updates" (Figure
3). This enables institutions, teams, or individual clinicians to
develop cards customized to their own individual workflows.
The fields are, by default, all free-text, retaining all the
advantages of textual data while adding a small amount of
flexible structure. Each card field’s data are stored and updated
separately in the database rather than every topic being stored
together in a single block of free text. This enables granular
viewing of individual cards or fields and their changes over
time, in the case where a clinician wants to quickly see the
history of a patient’s CHF.

However, the default chart view shows all currently active cards
for a patient regardless of how recently each piece of
information has changed. This is sensible, as different medical
information update at different frequencies. Even for the same
problem, a patient’s acute status may change daily, whereas
their outpatient medications may change monthly, their

providers change still less often, and their demographics may
never change. Therefore, clinicians can get a quick
understanding of the current state of the patient without having
to navigate back through numerous notes to find updates that
occurred at different times. Our system shares these advantages
with other forms of problem-based or topic-based charting.

By using cards as the basic organizational principle, we escape
the trade-off between information overload and information
scatter. Our system facilitates granular updates to individual
topics without requiring large-scale redocumentation and
information overload. For instance, if everything about a
patient’s CHF has remained the same from day 1 to day 2, the
card does not need to be modified at all. Instead, the responsible
clinician simply attests that no information has changed, which
saves time and does not create a duplicate copy of the same data
(as is the case with notes). Updates that consist of only 1 or 2
factual updates to the chart (ie, a telephone call to refill
medication) require clinicians to only update a single card field.
Unlike a note-based organization, which would scatter topically
related information across multiple notes, the relevant data will
be stored together regardless of when it was documented,
enabling easier viewing of longitudinal changes. Therefore, the
card-based system cuts down on both information overload and
information scatter. This structure also enables readers (or
automated systems) to quickly identify which cards and fields
have changed from update to update and which have remained
the same. We will discuss this further in the Version History
section.

Figure 2. An example of a problem card template comprising a title, description, and list of free text data fields. Users build these problem card templates
and instantiate them for a particular patient. The green bars represent structured data, which will automatically be pulled into the card when an instance
of this card template is created. The cards add flexible, customizable structure to the topic-based documentation process.
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Figure 3. An example of a card that does not map to a medical problem. The flexible structure of custom cards enables users to build their cards into
the workflow. Note that ED course and PCP are structured data elements built by the user, which can be pulled automatically into multiple cards while
retaining a single source of truth. ED: emergency department, HPI: history of present illness, PCP: primary care provider.

The cards also facilitate real-time collaboration. Multiple
clinicians can work on individual cards or even different fields
within the same card at the same time, reducing the incentive
for individuals on the same team to create separate notes.
Furthermore, card-based organization can reduce the number
of separate clinical threads; ideally, inpatient consultants would
be responsible for individual cards or fields within a general
inpatient workspace, obviating the need for the consultant to
redocument large amounts of the patient’s history of present
illness medication list, etc. Real-time collaboration is facilitated
using web sockets, which allow for two-way communication
between client and server; when a client makes any update to
a card within a patient workspace, the server will push the
update via the web socket, enabling other users to see the
changes immediately. This facilitates the reconceptualization
of the chart as a dynamic living workspace.

Structured Data
Structured data elements can be pulled into unstructured
documentation using an @ operator inside any of the free text
card fields, akin to a mention or hashtag system in other
software—we call this the structured data display operator
(Figure 4). For instance, if “@sodium” is typed inside a card
field, a set of options related to the stored sodium laboratory
values will appear. In its simplest form, a reference to the latest
sodium value will be pulled into the text field (Figure 5) and
displayed in a rich text format. Critically, this structured data
value is not a disjoint piece of text but a reference that can be
updated as new information arrives. If the user wants to track
the latest value of sodium, and a new value of sodium is input

into the system, the textual reference will display a refresh icon,
suggesting that the displayed value is no longer the latest value
(Figure 6). The user can choose whether they wish to make use
of the refresh icon to update their textual documentation. This
is designed to prevent the propagation of incorrect values
because a clinician forgot to update the text—a scenario that
has the potential for significant medical error. We allow each
structured data element to be displayed in multiple formats—a
"last value" option, an "all values" option, a "specific value"
option (which does not change with time), and a graph option,
which enables a real-time updating graph of the latest values of
a particular structured data element (Figure 7), such as a
laboratory value. Note that these data elements are situated
within the free text card fields, removing the requirement to
navigate with multiple clicks to separate graph viewing
interfaces and showing topic-relevant information in the same
place—preventing information scatter, underload, and lost time.

To facilitate flexible, customizable workflows, we take the
widest possible view of what counts as structured data by
enabling individual users to define and create their own
structured data elements, as well as enter any structured data
value themselves (eg, laboratory values obtained from outside
organizations). This includes traditional structured data
elements, such as laboratory results, but is also designed to work
with other numeric values (ejection fraction, pack-years of
tobacco use, and risk scores) in addition to string values and
categorical values (code status and the patient’s current
outpatient pulmonologist). This empowers individual clinicians
to quickly improve their templating systems.
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Figure 4. Use of the structured data display operator. Typing @ in a card field will create a menu for different structured data elements, which can be
pulled into the text of a card field, including the ability to create graphs and lists. The user is free to define and customize their own structured data
elements.

Figure 5. Clicking one of the menu options will pull data from the shared structured data pool. It is highlighted in green to indicate that it is an updatable
structured data element, not a raw text.
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Figure 6. The refresh icon appears in a card if the underlying structured data element has changed. If the user wants to maintain a particular structured
data value from a particular time (eg, the sodium on admission), the refresh icon will only appear if that value is updated. When a user wants to track
the most recent values of a structured data field (eg, the most recent ejection fraction at the time of viewing that card), the refresh icon will appear if
there are any more recent values for the same structured data element (eg, a more recent forced vital capacity than the one currently displayed).

Figure 7. When the refresh icon is clicked, the data element in the card field updates to reflect the changes without requiring the user to view the
structured data element.

Template Engine
Most patient encounters involve a small set of common medical
problems, suggesting that a significant benefit is to be gained
from templated workflows. In current EMR systems, note
templates are used to realize this benefit. We implemented a
much more granular templating system at the level of card
templates (Figure 8). A card template consists of a set of
prespecified fields with optional prespecified default text in
each field. Inside a patient’s workspace, cards can be quickly
instantiated from the templates (Figure 9). This default text can
include structured data elements, enabling the clinician to (for
instance) autopopulate a reference to the latest ejection fraction
when a card is instantiated from a template. This is another

advantage realized by a noteless EMR, and it is here where the
potential of medical charts that guide and teach can begin to be
realized. Trainees, in particular, may benefit from card
templates, which provide a framework for thinking about a
particular medical topic, including important diagnostic
considerations, therapeutic decision points, and signs of patient
status change, all of which can be included within a card
template. Physicians play multiple roles, and these teaching
medical charts can help us to be better clinicians, educators,
and learners by providing perpetually up-to-date resources
naturally within our existing workflows. Card templates can
include embedded text from external resources such as guideline
organizations and research studies, enabling not only clinical
refreshers but also ongoing medical education.
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Figure 8. Card templating engine, enabling the design of templated problem-specific fields, which can pull in structured data (part 1).

Figure 9. Card instantiated from template.

Such templates have the potential to make clinicians at all levels
more efficient and prevent medical errors caused by
forgetfulness or outdated information. In this way, CDS is built
into the information organizational framework in a way that
provides guidance more than it aims to correct. Traditional CDS
is typically based on structured data, meaning the support is
necessarily given after data are created, in reaction to a particular
pattern of data (eg, medication interactions, allergies, and
laboratory values). On the other hand, by instantiating a card
template with a particular structure, the card instantiation itself
becomes a form of CDS.

In addition to a simple menu-based selection system for
instantiating card templates, our system includes a separate
interface that enables fast autopopulation of cards from free
text, such as a patient one-liner. A one-liner is a single-sentence
patient summary that lists, among other things, a patient’s
relevant medical problems. Our system uses simple rules to
identify which card templates should be created from a given
block of text; however, more sophisticated natural language
processing systems could be used to improve performance and
handle more complicated linguistic phenomena. In the future,
such a system could be used to import free text blocks directly
from other systems that operate according to note-based
organizational systems and quickly convert them to the more
flexible card-based organization.

Workspaces
Although our system is designed to cut down on the number of
distinct clinical threads and the information overload that results
from multiple clinicians or teams redocumenting the same
information, we understand that there are potential use cases
where clinicians should work in separate workspaces. Therefore,
we allow for the creation of separate workspaces for the same
patient, which recaptures the notion of separate threads. The
system requires only a single click to navigate from one
workspace to another in the same patient’s chart. Each
workspace has specific user permissions: clinicians with write
permission to a workspace can see the most up-to-date version
of a workspace, even if it has not yet been attested. On the other
hand, those with read permissions can only see the most recent
attested version to prevent acting on incomplete information.
For custom workflows, cards from one workspace can be
watched from another. Watching a card creates a read-only
reference to the original card in the new workspace and enables
a clinician to view relevant information documented by someone
else from another workspace. When the original card updates,
the watched copy of the card will also update in real time. This
is meant to replace the current behavior under a note-based
system in which clinicians copy-paste information (eg, consult
recommendations or a radiology report) from one text document
into another to have all the information in one place. Although
other design decisions of our system will ideally decrease the
information scatter that motivates this behavior, card-watching
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is nevertheless present to mitigate the creation of duplicate
unlinked data copies.

Task Management
In many clinical care settings, relevant patient information is
frequently passed between clinicians and staff through ancillary
systems such as emails, pagers, SMS text messages, and separate
handoffs. Our system includes a task management or to-do list
tracking system as a core feature. Each workspace includes a
dynamically editable, fully collaborative to-do list that enables
task management for that patient. To-do lists can be assigned
to particular users, can be associated with reminders
accompanied by push notifications, and can be given custom
user tags to enable filtering and searching functionality. These
to-do lists can be viewed in aggregate across a group of patients,
enabling efficient inpatient team and outpatient panel
management.

Real-Time Collaboration
Notes are not an effective way to communicate when there is
some urgency to the task; immediate messaging systems are
more appropriate for this use case. Therefore, our system
includes a chat functionality as the primary mode of
communication. The chat system enables direct messaging
among clinical users in the system and includes a group chat
functionality, which is similar to the chat functionality present
in other EMR systems. In addition, in our system, each patient
workspace is associated with its own additional chat, so short
notes or messages related to a particular patient can be stored.
However, unlike many other chat systems, ours is public and,
thus, auditable. The public nature of the chat enables any system
user, including physician colleagues or learners, nurses, and
other staff, to understand the clinical decisions that have been
made for their patients and to learn from these conversations,
as opposed to these happening in closed-door sessions.

Within the workspaces, we include a real-time cursor tracking
feature: a user in a patient chart can see which other users are
editing that workspace and where their cursor is located to
prevent multiple users from editing the same information at the
same time and facilitate real-time collaboration (eg, by serving
as a jumping-off point for a chat conversation between a primary
clinician and a consultant).

Although some may be hesitant to treat the chart as a
collaborative workspace, based on fears of medicolegal reprisal
or insufficient assignment of responsibility to individuals, we
believe our system is capable of handling the responsibility
assignment issue at least as well as note-based systems. Each
edit (addition or deletion of a card, editing of a card title or field
text, etc) is tracked in a separate logging table, enabling
fine-grained assignment of responsibility for individual edits

to particular users. These logs also enable the ascription of
responsibility for each piece of text in a workspace to particular
users and particular time stamps. This feature can be helpful
not only in cases of ascribing responsibility but also when a
user wishes to orient themselves to a new chart and understand
what information has been recently updated and what is in need
of verification or updating.

Version History
Under our system, the default assumption is that most
information will not change from update t to t+1. This intuition
conceives of the chart as a dynamic living workspace and
facilitates an intuitive version history system akin to that found
in modern word-processing and other collaborative software.
Each patient workspace consists of a set of states representing
how the workspace has been updated over time by any number
of clinicians working collaboratively. In particular, each
workspace contains a single current state, which reflects the
latest view of the workspace, and any number of past states,
which reflects how the workspace looked at particular points
in the past. Each state consists of a set of cards, to-do tasks, and
structured data elements, as mentioned above. When a clinician
wishes to attest to the state of a workspace, they click a save or
attest button to indicate this. Similar to signing a note, attestation
is designed to be used for final versions of documentation that
will go into the medicolegal record. Attestation creates a locked
past state that can no longer be edited by anyone but is added
to the record of past states.

Users can scroll back and forth through previous workspace
states to quickly see how information has changed over time
(Figure 10). A prominent show changes button enables intuitive
highlighting of cards, fields, and individual sentences (Figure
11), enabling quick focus on the small pieces of information
that have changed from state t to state t+1. Although nothing
in principle prevents a version history system from being
implemented in note-based EMRs, our card-based organization
maximizes its use by enabling individual cards or fields to be
tracked over time. Software should be optimized for the most
common use cases; tracking medical problems over time is
perhaps the single most common use case of an EMR, but the
note abstraction is ill-suited for it.

Clinicians can also export the current state of a workspace to a
single block of text, enabling our system to be compatible and
interoperable with note-based systems. For instance, clinicians
could document in our system and export a workspace state as
a note-like block of text to another documentation system. This
would enable our system to be used as an adjunct to a note-based
EMR and facilitate direct comparative studies of usability
without requiring large-scale institutional changes.
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Figure 10. Diagram of the overall organization of a patient interface for a fake patient. Each workspace enables separate clinical teams to keep separate
threads on rare occasions when it is necessary. Each workspace stores a history of states; that is, the current state of the workspace and older states of
the workspace (past versions). These can be scrolled through easily using the left and right arrows at the top.
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Figure 11. When the show changes button is checked, a track-changes view occurs, enabling later readers to quickly understand what has changed
from one state to the next (for instance, the addition of a new diagnosis, medication, and allergy).

Team View
Another major source of information scatter rests at the level
of the team or patient group. An extremely common EMR use
case involves clinicians managing groups of patients (eg, an
inpatient team or an outpatient panel) and either (1) looking for
updates in the state of any patient in the group or (2) running
the list—identifying the status and action items of a group of
patients in rapid sequence. Team management and list-running
are core features of our software. The team view interface
aggregates the latest state of all workspaces for all patients on
a particular team, enabling highly granular actions to be taken
for individual patients from a single screen without any
requirement to navigate between charts. The team view displays
the list of cards for each workspace, enabling quick addition or
editing of specific card fields with new single pieces of
information. This enables immediate placement of information
in topic-appropriate locations—a feature designed to facilitate
keeping the chart organized, preventing the need to redocument
the same information in different places or scatter information
across multiple locations. In addition, the to-do items for each

workspace are aggregated and viewable on one page, enabling
efficient list running even for large groups of patients.

Discussion

Principal Findings
We demonstrated the feasibility of building an EMR that does
not use the note as the core organizational unit for unstructured
data. This is made possible by reimagining the chart as a fully
collaborative, dynamic workspace, with information organized
primarily by topic rather than by time or thread. This paradigm
shift facilitates the use of a wide variety of strategies and design
elements that have the potential to reduce information overload
and information scatter, two of the key pathologies of modern
electronic documentation. Our system is designed to accomplish
this goal by disincentivizing the behaviors that lead to these
pathologies, such as redundant documentation over time and
across multiple threads. We believe that this type of EMR data
organization has the potential to reduce clinician documentation
time; increase direct face-to-face time with patients; mitigate
medical errors resulting from conflicting or erroneous
information; create cleaner, more intuitive patient charts; and
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improve clinician satisfaction with the EMR. We also believe
that our organizational paradigm is more well-suited to the
actual practice of medicine in the 21st century, with its
assumptions of team-based medicine, granular data updates (eg,
from SMS text messages, phone calls, biosensors, or digital
health devices), and large amounts of information to manage
and organize. We hope this study can begin a conversation
among clinicians and institutions about the pros and cons of
using notes as the primary organizational paradigm going
forward.

In addition, our system casts doubt on traditional delineations
of structured data and unstructured data by enabling individual
clinicians to create their own structured data elements for
customized workflows. This decision is motivated by the desire
to enable maximal customization for common workflows, such
as the workup of common presentations. Too little structure
(eg, undifferentiated blocks of free text or loosely templated
notes) limits the potential for efficiency gains through automated
or stereotyped documentation workflows, whereas too much
structure (eg, entering all data in the form of checkboxes, radio
buttons, and drop-down menus) is time consuming and
implausible for narrative information such as patient histories
and clinician thought processes. Rather than being limited by
historical decisions about what structured data should be (eg,
meaningful use requirements or EMR certification guidelines),
our system empowers clinicians, teams, or institutions to make
their own decisions about how to maximize the gains and
minimize the costs of documenting in a structured format.

Our study is a logical extension of the dialog around the
problem-oriented medical record, which similarly organizes
information primarily by topic. However, we expand the
topic-based organization to cover the entirety of medical data
in the chart and not just the data that can be represented by
medical problems or diagnoses. In addition, we built the
assumptions of full editability and collaboration into the core
of the system design. Fully collaborative documentation systems
have previously been discussed in different contexts [27], and
many studies have pointed out how EMR design paradigms can
facilitate or block collaboration between clinicians [28,29]. Our
work builds on these discussions, and we believe that fully
collaborative documentation systems are a key step in reducing
documentation burden and information overload.

We have piloted our system with small user groups on mock
patient records but have not yet tested it at scale. In addition,
to empirically evaluate whether our system succeeds at its goal
of reducing information chaos, direct comparisons between
note-based paradigms and non–note-based paradigms will be
necessary. This will require further development of EMR
usability evaluation frameworks, including a standardized set
of metrics for comparing EMRs on relevant end points
(including efficiency, cognitive load, and time spent
documenting). In future work, we aim to develop such a
framework and use it to compare our system with other EMR
systems. Another key step in this process is the development
of open-source standardized data sets with dummy patient
records, designed to facilitate head-to-head comparison of
systems at particular common clinical tasks, such as information
retrieval, chart summarization, various granularities of data
entry, or clinical communication. One could imagine a publicly
available EMR "obstacle course" with metrics to quantify the
performance of an EMR at common clinical tasks and would
enable standardized comparisons for clinicians and institutions
looking to reduce EMR time. Such a system could be used not
only to evaluate the impact of simple interface changes or
feature additions but also to quantify the impact of different
organizational paradigms.

Full-fledged EMRs are more than mere documentation interfaces
and include functionality to place orders, prescribe medications,
and perform population health analyses. These functionalities
were not the focus of this study, as we focused primarily on
information input and retrieval, as well as task management and
collaboration. We believe that non-note interfaces open new
possibilities for thinking about order entry, decision support,
and other core EMR tasks, as well as how to integrate these
tasks with documentation per se. In the interim, clinicians could
also use such systems as improved documentation assembly
interfaces in parallel with existing EMRs. In our system,
individual workspace states can be exported as raw-text notes
compatible with EMRs that operate under note-based paradigms.
Our system can thus be operationalized either as part of a new
EMR or alongside existing EMRs as a separate documentation
assembly and information retrieval interface. Ultimately, we
hope that clinicians, health systems, and technology vendors
will consider the benefits of building and deploying EMRs that
operate entirely using collaborative, dynamic, and
problem-oriented documentation paradigms.
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Abstract

Background: As chronic cardiac and pulmonary diseases often coexist, there is a need for combined physical home-based
rehabilitation programs, specifically addressing older patients with advanced disease stages.

Objective: The primary aim of this study is to evaluate the completion and adherence rates of an 8-week, home-based exercise
program for patients with advanced cardiopulmonary disease. The secondary end points include patient satisfaction; adverse
events; and program efficacy in terms of change in functional capacity, level of dyspnea, and health-related quality of life.

Methods: The participants received a goal-oriented, home-based exercise program, and they used a wrist-worn activity tracker
to record their exercise sessions. Activity tracker data were made visible on a digital platform, which was also equipped with
several other features such as short instruction videos on how to perform specific exercises. The participants received weekly
coaching by a physiotherapist and an occupational therapist through video communication.

Results: In all, 10 patients with advanced combined cardiopulmonary disease participated (median age 71, IQR 63-75 years),
and 50% (5/10) were men. Of the 10 participants, 9 (90%) completed the 8-week program. Median adherence to the exercise
prescription was 75% (IQR 37%-88%), but it declined significantly when the program was divided into 2-week periods (first 2
weeks: 86%, IQR 51%-100%, and final 2 weeks: 57%, IQR 8%-75%; P=.03). The participants were highly satisfied with the
program (Client Satisfaction Questionnaire: median score 29, IQR 26-32, and Purpose-Designed Questionnaire: median score
103, IQR 92-108); however, of the 9 participants, 4 (44%) experienced technical issues. The Patient-Specific Complaints Instrument
scores declined, indicating functional improvement (from median 7.5, IQR 6.1-8.9, to median 5.7, IQR 3.8-6.7; P=.01). Other
program efficacy metrics showed a trend toward improvement.

Conclusions: Home-based cardiopulmonary telerehabilitation for patients with severe combined cardiopulmonary disease is
feasible in terms of high completion and satisfaction rates. Nevertheless, a decrease in adherence during the program was observed,
and some of the participants reported difficulties with the technology, indicating the importance of the integration of behavior
change techniques, using appropriate technology.

Trial Registration: Netherlands Trial Register NL9182; https://www.trialregister.nl/trial/9182

(JMIR Form Res 2021;5(11):e28634)   doi:10.2196/28634
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Introduction

Background
Chronic cardiac and pulmonary diseases often coexist because
they share similar risk factors such as older age, cigarette
smoking, sedentary lifestyle, and persistent low-grade systemic
inflammation [1]. The prevalence of cardiac diseases such as
ischemic heart disease, chronic heart failure (CHF), and atrial
fibrillation is higher in patients with chronic obstructive
pulmonary disease (COPD) than in the general population (30%,
20%, and 13%, respectively) [1,2]. In addition, in patients with
CHF and ischemic heart disease, COPD and asthma are more
prevalent compared with patients without cardiovascular
diseases [3]. As chronic cardiac and pulmonary diseases
frequently overlap in symptoms and clinical course and share
a high morbidity, with recurrent hospital admissions, there is a
need for an integrated management of these often older and frail
patients. Ideally, this applies not only to diagnostic and
therapeutic regimens but also to physical rehabilitation.

Exercise-based cardiac rehabilitation (CR) and pulmonary
rehabilitation (PR) are highly recommended for a wide range
of cardiac and respiratory disorders because they result in
improvement of exercise capacity and quality of life (QoL) and
reduction in hospital admissions related to the disease [4,5].
Despite these positive effects as well as international guidelines
recommending CR and PR, participation remains low.
Concerning CR, approximately 30% of all eligible patients
attend a CR program [6], with the lowest uptake in patients with
chronic cardiovascular diseases such as CHF [7]. This underuse
is attributed not only to low referral rates but also to
patient-related factors such as older age, comorbidities, and
larger distance to the nearest rehabilitation center [8]. As in the
case of CR, PR uptake in patients with COPD is low [9]. Lack
of transport, timing of the program, and burden of illness are
major factors impeding PR attendance [10]. To overcome these
barriers, there is an increasing interest in home-based
rehabilitation programs. Home-based CR has been shown to
have effects comparable with those of center-based CR on
exercise capacity, health-related QoL (HRQoL), and mortality
in the short term, both in patients diagnosed with coronary artery
disease and in patients with CHF, with a higher compliance in
home-based CR [11]. The results of a Cochrane review on
telerehabilitation in patients with chronic respiratory diseases
showed that there is a limited number of studies available that
provide evidence for a similar outcome compared with
traditional PR [12].

To date, there are 2 major gaps in evidence with respect to
cardiac and pulmonary telerehabilitation. First, the studies on
cardiac and pulmonary telerehabilitation mainly focus on
patients classified as low risk, that is, younger patients, without
major comorbidities, in a stable phase of the disease, rather than
on the merging group of older and frail patients. These
vulnerable patients, however, might benefit most from
rehabilitation because of impairment in multiple domains of

physical functioning, which lead to recurrent hospital admissions
[13]. In fact, a pilot study on rehabilitation in older patients with
acute decompensated heart failure showed promising results in
improving physical function and reducing rehospitalization [13].
Although study retention and adherence were acceptable in this
center-based rehabilitation program, offering home-based
programs for these patients might be even more successful to
overcome the aforementioned barriers to center-based
rehabilitation, which are particularly common in this patient
category. Second, cardiac and pulmonary disease management
are seldom integrated. To our knowledge, there is only one trial
focusing on telerehabilitation of patients with combined CHF
and COPD, showing that their combined telerehabilitation
program is feasible, safe, and effective [14]. As this program
focused on patients with middle-severe combined CHF and
COPD, the effectivity in patients with advanced combined
cardiopulmonary disease remains to be established.

Objective
To address the current gaps in telerehabilitation, this exploratory
study was designed to assess the feasibility of a personalized,
home-based, goal-oriented exercise program in patients with
advanced, combined chronic cardiac and pulmonary diseases.
The results of this study will be used to design a future, large
clinical trial.

Methods

Study Design and Population
This is a single-center feasibility study designed to explore
program completion and adherence, as well as possible barriers
to adherence, of a novel, personalized, home-based
telerehabilitation program for patients with combined advanced
chronic cardiac and pulmonary diseases. The secondary end
points include patient satisfaction; adverse events; and an
exploratory analysis of program efficacy in terms of functional
capacity, level of dyspnea, and HRQoL. The results of this study
will be used to guide the design of a larger clinical trial. The
study was performed at the Máxima Medical Center in
Veldhoven, Netherlands. In all, 10 patients diagnosed with a
combination of chronic cardiac and pulmonary diseases were
included. The eligible patients were randomly selected from a
group of patients who were participating in a telemonitoring
program for combined chronic cardiac and pulmonary disease
because of 1 or more hospital admissions within the past year
on account of a cardiac or pulmonary exacerbation or frequent
exacerbations treated at the outpatient clinic. The exclusion
criteria were neurological, orthopedic, or peripheral vascular
conditions preventing the patient from performing exercise;
hemodynamic significant valvular disease; and proven cardiac
ischemia or heart rhythm disturbances at a low-intensity exercise
level. All patients provided written informed consent. The study
was approved by the local medical ethical committee of Máxima
Medical Center and was conducted in accordance with the
declaration of Helsinki. The study was registered in the
Netherlands Trial Register (NL9182).
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Outcome Measures

Program Completion and Adherence
The primary end points—program completion and
adherence—were defined as the percentage of participants who
completed the 8-week exercise program and the percentage of
completed exercise sessions after receiving a prescription,
respectively. To assess adherence, the participants were asked
to record their exercise sessions with a wrist-worn activity
tracker (Galaxy Watch Active; Samsung Electronics; see Digital
Platform and Activity Tracker section). On the basis of the study
population, characterized by a high disease severity and the
presence of several comorbidities, we acknowledge that program
completion and adherence are challenging. Nevertheless, given
the fact that the entire program was highly personalized,
performed in the patients’ home environment, and supported
by fairly easy-to-use technology, we hypothesized that most of
the participants would be able to complete the program and that
adherence to the exercise prescription would be at least 70%.

Patient Satisfaction
Patient satisfaction and possible barriers to adherence were
assessed with the validated Client Satisfaction Questionnaire-8
(CSQ-8) [15]. This self-administered questionnaire consists of
8 items, scored on 4-point Likert-type scales. For every patient,
a total satisfaction score is calculated with a minimum score of
8 and a maximum score of 32, where higher scores indicate a
higher level of satisfaction [16].

Moreover, a self-administered, Purpose-Designed Questionnaire
(PDQ) was completed by each participant (Multimedia
Appendix 1). This questionnaire consists of 26 items categorized
into 5 topics: provision of information, contact with the
therapists, safety, digital platform and activity tracker, and
treatment results. Of the 26 items, 23 are scored on a 5-point
Likert scale, resulting in a minimum score of 23 and a maximum
score of 115 (a higher score indicates a higher level of
satisfaction); 1 item is answered with yes or no; 1 item requires
the participant to grade (from 0=very bad to 10=excellent) the
program in general; and 1 item is an open question seeking
comments or suggestions about the program.

Program Efficacy
Subjective program efficacy was evaluated through the
following 3 questionnaires or rating scales, which were
administered at baseline and again at the end of the program:

• Patient-Specific Complaints (PSC) Instrument. This tool
asks the patient to mention 2-3 activities that are difficult
to perform because of cardiopulmonary complaints. Each
activity is then rated on a scale from 0 (very easy to perform
the activity) to 10 (impossible to perform the activity). A
mean PSC score is calculated by dividing the total PSC
score by the number of chosen activities.

• Modified Medical Research Council (mMRC) Dyspnea
Scale [17], which measures the degree of dyspnea severity
during daily life activities. This self-administered tool rates
the degree of disability in daily life caused by breathlessness
on a scale from 0 to 4, where 0 represents not troubled by
breathlessness except during strenuous exercise, and 4

represents too breathless to leave the house or breathless
when dressing or undressing.

• Self-administered EuroQol 5-Dimension, 5-Level
(EQ-5D-5L) Questionnaire, which measures HRQoL and
which consists of 5 questions in 5 domains (mobility,
self-care, usual activities, pain or discomfort, and anxiety
or depression) [18]. Each question is answered on a 5-point
severity scale. Moreover, the questionnaire comprises a
visual analog scale (from 0=worst imagined health to
100=best imagined health) to grade HRQoL.

The objective measures to evaluate program efficacy, extracted
at baseline and again at the end of the program were as follows:

• Number of repetitions during the 1-minute sit-to-stand
(1-MSTS) test, which is a valid and responsive tool for
measuring exercise capacity [19]. The patients were asked
to sit on a chair, which was stabilized against the wall, with
their arms crossed over their chest, their knees in an
approximate 90-degree angle, and feet flat on the floor.
They were asked to perform as many sit-to-stand cycles as
possible in 1 minute. The patients were asked to fully stand
up and then sit back again, touching the surface of the seat
but not the backrest. They were not encouraged during the
test but were informed when there were 10 seconds left,
timed with a stopwatch.

• Handgrip strength as a measure of muscle strength,
measured with the Jamar hydraulic hand dynamometer
(JLW Instruments) [20]. The patients were asked to be
seated, with shoulders in neutral position, elbows flexed at
90 degrees, and wrists in neutral position with the thumb
facing upward. The forearm was not to rest on the arm of
the chair. Three trials of handgrip strength were performed
using each hand, beginning with the dominant hand. The
patients were encouraged to squeeze as hard as they could.
The maximum grip strength from all 6 trials was used.

Exercise Program
The exercise program started with a combined intake supervised
by both the physiotherapist and occupational therapist at the
outpatient physiotherapy clinic of Máxima Medical Center. The
intake consisted of an assessment of the daily life activities of
each participant and the perceived barriers. On the basis of this
interview, 2 to 3 problematic activities were defined that the
participant wished to improve. These activities were rated with
the PSC Instrument and were translated into patient-specific
rehabilitation goals. In addition, the participants were instructed
to complete the EQ-5D-5L Questionnaire and the mMRC
Dyspnea Scale and to perform the 1-MSTS and handgrip tests.

The 8-week home-based exercise program consisted of a
combination of endurance and strength exercise training tailored
to the participants’preferences in exercise modality (ie, walking,
cycling, or swimming) and availability of training equipment
at home. Exercises for (respiratory) muscle strengthening,
breathing techniques, and techniques for mobilization of sputum
were provided through instruction videos on the digital platform.
The amount, duration, and content of the exercise sessions was
determined individually by the physiotherapist. The intensity
of the prescribed exercise sessions was guided by the rate of
perceived exertion (Borg Rating of Perceived Exertion 6-20
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Scale), which was filled in on the digital platform by the
participant after a completed exercise session. The exercise
sessions were recorded by the participant with a wrist-worn
activity tracker (see Digital Platform and Activity Tracker
section).

The occupational therapist primarily focused on the execution
of daily life activities and energy balance. For this purpose, the
digital platform was supplied with an activity diary to be filled
in by the participant, which could be rated afterward by the
occupational therapist.

The participants had a weekly video consultation through the
digital platform with the physiotherapist or occupational
therapist to discuss their progress and to adjust the training
scheme if needed. However, the therapists had the option to

adjust the frequency of the video consultations based on shared
decision-making with the participant.

At the end of the program, an evaluation took place at the
outpatient clinic, again with both therapists. The participants’
personal goals were evaluated through the PSC Instrument. In
addition, the 1-MSTS and handgrip tests were administered
again, along with the EQ-5D-5L Questionnaire and mMRC
Dyspnea Scale. Finally, each participant answered 2
questionnaires (CSQ-8 and PDQ) on their satisfaction with the
program, and the responses were analyzed after all participants
completed the study.

An overview of the participant timeline and study measurements
is presented in Figure 1.

Figure 1. Participant timeline and study measurements. 1-MSTS: 1-minute sit-to-stand; CSQ-8: Client Satisfaction Questionnaire-8; EQ-5D-5L:
EuroQol 5-Dimension, 5-Level Questionnaire; mMRC: modified Medical Research Council; PDQ: Purpose-Designed Questionnaire; PSC: Patient-Specific
Complaints.

Digital Platform and Activity Tracker
This study used a secure digital platform (Mibida BV). The
eligible participants were already using this platform for
telemonitoring of their cardiopulmonary disease. For the
participants in this study, the platform was equipped with the
following additional functionalities:

• An overview of the executed exercise sessions (recorded
with the activity tracker). For each session, the following
metrics were visualized: type of exercise, date of the
exercise session, starting time of the session, duration of
the session, heart rate course, and perceived Borg score.
Actual feedback on these sessions was given by the
therapists during the weekly videocall sessions.

• Short instruction films about exercises for (respiratory)
muscle strengthening, breathing techniques, and techniques
for mobilization of sputum. These films were recorded in
advance in collaboration with the physiotherapy department.
For each patient, a personalized set of films was selected
by the physiotherapist and transferred to the digital platform.

• An activity diary for 1 or more days to be filled in by the
participant, which could be scored afterward by the
occupational therapist. These scores, represented as
numbers, were discussed during the participants’ video
consultations with the occupational therapist.

• A graphical overview of treatment goals based on the PSC
list, with the associated PSC scores. The PSC scores could
be filled in periodically by the participant (as was asked by
the therapists) to evaluate progress.
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• A videocall module for weekly communication with the
therapists.

• A tab with reports created by the therapists. Tasks and
assignments for the upcoming week were summarized here,
as well as progress up to that point.

Exercise sessions were recorded with a wrist-worn activity
tracker (Galaxy Watch Active). The watch was mainly used for
evaluation of adherence, rather than for adjusting exercise
prescription based on specific recorded metrics. The exercise
recordings were automatically uploaded to the digital platform
through the home Wi-Fi network of the patient.

Statistical Analysis
For this study, we chose a convenience sample of 10
participants, rather than a calculation-based sample size.
Nevertheless, we included a very homogeneous group of
participants (older adults with a combined cardiopulmonary
diagnosis and a recent exacerbation). For this reason, we
considered a sample size of 10 patients sufficient to (1) explore
whether the approach is feasible to execute on a larger scale
and (2) obtain sufficient representative results to enable us to
improve the intervention before upscaling. Descriptive statistics
were used to describe the studied population with regard to the
baseline characteristics and data on adherence, patient
satisfaction, and program efficacy. Because of the small patient
population, nonparametric tests were used. The Wilcoxon
signed-rank test was used to compare differences in the PSC,

mMRC, HRQoL, and 1-MSTS scores, as well as in handgrip
strength, before and after the home-based exercise program,
and the Friedman test was used to determine whether the change
in adherence during the program was significant. Statistical
analysis was performed using SPSS software (version 22; IBM
Corp). For the analysis, the significance level was set at P<.05.

Results

Baseline Characteristics
The aim was to include 10 patients. Therefore, 13 patients were
asked to participate, of whom 3 (23%) declined. Of these 3
patients, 2 (67%) provided reasons for declining to participate:
(1) starting an extensive treatment for a comorbid disorder and
not wanting to combine it with study participation and (2)
feeling insecure about performing exercise that would not be
directly supervised. The study participants were included
between October 2019 and October 2020, had a median age of
71 (IQR 63-75) years, and 50% (5/10) were men. Additional
patient baseline characteristics are presented in Table 1, and
baseline cardiopulmonary patient profiles are presented in Table
2. Of the 10 participants, 9 (90%) were already familiar with
using the digital platform for telemonitoring purposes—the
median duration of the use of this platform was 20 (IQR 4-24)
months—whereas 1 (10%) participant had never used the digital
platform previously because telemonitoring had not started yet
for this participant.

Table 1. Baseline characteristics (N=10).

ValuesCharacteristics

71 (63-75)Age (years), median (IQR)

Gender, n (%)

5 (50)Male

5 (50)Female

1.68 (1.60-1.84)Height (m), median (IQR)

86 (71-96)Weight (kg), median (IQR)

28.2 (27.4-32.1)BMI (kg/m2), median (IQR)

3.0 (0.8-4.3)Number of comorbiditiesa, median (IQR)

3.5 (1.8-6.0)Cardiac and pulmonary exacerbationsb, year before inclusion, median (IQR)

6 (60)LTOTc, n (%)

mMRCd Dyspnea Scale, n (%)

0 (0)0

1 (10)1

1 (10)2

4 (40)3

4 (40)4

aChronic diseases other than cardiopulmonary diagnosis.
bEvents characterized by worsening of respiratory symptoms and/or peripheral edema beyond normal day-to-day variation that led to change in medication
(ie, diuretics, inhalers, systemic corticosteroids, antibiotics, or a combination). Events might be accompanied by a hospital admission.
cLTOT: long-term oxygen therapy.
dmMRC: modified Medical Research Council.
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Table 2. Baseline cardiopulmonary patient profiles (N=10).

DLCObPulmonary diagnosisLVEFa (%)Cardiac diagnosisPatient number

43COPDd GOLDe IV, group A63HFpEFc1

40COPD GOLD IV, group D35HFrEFf2

53COPD GOLD II, group B47HFmrEFg3

25COPD GOLD IV, group D; recent COVID-19 infection53HFpEF4

—hAsthma, bronchiectasis60HFpEF5

29COPD GOLD II, group D63HFpEF6

50Asthma, unilateral emphysema35HFrEF7

31COPD GOLD IV, group D40HFmrEF8

68COPD GOLD II, group B; recent COVID-19 infection35HFrEF9

26COPD GOLD IV, group D65HFpEF10

aLVEF: left ventricular ejection fraction.
bDLCO: diffusing capacity for carbon monoxide.
cHFpEF: heart failure with preserved ejection fraction.
dCOPD: chronic obstructive pulmonary disease.
eGOLD: Global Initiative for Chronic Obstructive Lung Disease.
fHFrEF: heart failure with reduced ejection fraction.
gHFmrEF: heart failure with midrange ejection fraction.
hNot available.

Study Completion and Adherence
Of the 10 participants, 9 (90%) completed the 8-week exercise
program, whereas 1 (10%) participant ended the program
prematurely because of a hospital admission (neither related to
cardiac or pulmonary disease, nor to study participation) shortly

after inclusion and inability to restart the program after
discharge. The median adherence (ie, the percentage of
completed exercise sessions after receiving the prescription)
over 8 weeks was 75% (IQR 37%-88%), ranging from 20% to
95% (Figure 2).

Figure 2. Interpersonal variability in adherence (n=9). Each colored line represents 1 participant.

When we divided the program into periods of 2 weeks, the
median adherence decreased significantly: from 86% (IQR
51%-100%) in the first 2 weeks of the program to 57% (IQR

8%-75%) in the final 2 weeks of the program (P=.03; Figure
3).
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Figure 3. Boxplots showing median adherence over periods of 2 weeks (n=9).

Adverse Events
During the study period, no adverse events occurred that were
related to the home-based exercise program. Of the 9
participants who completed the program, in the case of 1 (11%)
participant, the study was interrupted for several weeks by a
severe pulmonary exacerbation in combination with a
COVID-19 infection. This participant successfully restarted the
study after recovery.

Patient Satisfaction

CSQ-8 Score
The median total CSQ-8 score was 29 (IQR 26-32), which
indicates a high level of satisfaction. The total CSQ-8 score
ranged between a minimum of 21 and a maximum of 32. Figure
4 illustrates the distribution of each item of the CSQ-8, showing
that CSQ questions 4 and 5 were scored best: 89% (8/9) of the
participants were highly satisfied with the amount of help
received and would definitely recommend the program to a
friend, 67% (6/9) would definitely follow the program again,
whereas of the 9 participants who completed the program, 1
(11%) participant would definitely not follow it again.

Figure 4. Distribution of each item of the Client Satisfaction Questionnaire-8 (n=9). Data are presented as the number of participants who provided a
certain answer to each question.
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PDQ Score
The median total PDQ score was 103 (IQR 92-108), indicating
a high level of satisfaction. The total PDQ score ranged between
a minimum of 71 and a maximum of 113.

The subset of items in the topics provision of information (3
questions) and contact with the therapists (7 questions) were
responded to with agree or completely agree by 6 to 9 of the
participants, indicating high levels of satisfaction. No participant
disagreed with these items. Figure 5 shows that the remainder
of the topics (digital platform and activity tracker, treatment
results, and safety) had a slightly broader distribution. Generally,

agreement with the items of these topics was acceptable;
however, regarding the digital platform and activity tracker, of
the 9 participants who completed the program, 2 (22%)
completely disagreed with the statement that making video calls
was easy and 1 (11%) disagreed with the statement that the use
of the activity tracker was easy, whereas for the topic treatment
results, 1 (11%) disagreed with the statement about being able
to continue the exercises after the conclusion of the program.
Regarding safety, of the 9 participants, 7 (78%) completely
agreed or agreed with the statement regarding whether they felt
it was safe to perform the exercises at home, 1 (11%) chose the
neutral response, and 1 (11%) disagreed.

Figure 5. Distribution of each item in 3 topics of the Purpose-Designed Questionnaire (n=9). Data are presented as the number of participants who
provided a certain answer to each question.

The participants gave the program a median grade of 9.0 (IQR
8.0-9.5), where a grade of 0 represents very bad and 10
represents excellent. The final question of the PDQ is an open
one, which gives participants the option to write down
comments. Of the 9 participants, 6 (67%) answered this
question. The most frequently reported comments were
experiencing trouble making a proper video connection with
the therapists (3/9, 33%) and experiencing trouble with recording
the exercise sessions with the activity tracker (4/9, 44%). Of
the 9 participants, 4 (44%) answered yes to the question
regarding whether they experienced technical issues to a certain
extent.

Program Efficacy

Subjective Measures
The PSC score significantly decreased after completion of the
program, from median 7.5 (IQR 6.1-8.9) to median 5.7 (IQR
3.8-6.7; P=.01). The mMRC dyspnea score decreased
nonsignificantly after completion of the program, from median
3.0 (IQR 2.8-4.0) to median 2.0 (IQR 1-3; P=.07). The HRQoL
score showed some trends toward improvement; however, no
statistically significant changes were observed (Table 3).
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Table 3. Health-related quality of life (measured with the self-administered EuroQol 5-Dimension, 5-Level Questionnaire) before and after the program
(N=9).

P valueAfter program completionBaseline

.32Mobility, n (%)

0 (0)1 (11)No problems

2 (22)0 (0)Slight problems

6 (67)5 (56)Moderate problems

1 (11)3 (33)Severe problems

0 (0)0 (0)Unable to walk

.99Self-care, n (%)

4 (44)4 (44)No problems

2 (22)3 (33)Slight problems

2 (22)0 (0)Moderate problems

1 (11)2 (22)Severe problems

0 (0)0 (0)Unable to wash or dress

.16Usual activities, n (%)

2 (22)2 (22)No problems

3 (33)1 (11)Slight problems

3 (33)2 (22)Moderate problems

1 (11.1)4 (44)Severe problems

0 (0)0 (0)Unable to do usual activities

.05Pain or discomfort, n (%)

4 (44)1 (11)No pain or discomfort

4 (44)6 (67)Slight pain or discomfort

1 (11)2 (22)Moderate pain or discomfort

0 (0)0 (0)Severe pain or discomfort

0 (0)0 (0)Extreme pain or discomfort

.56Anxiety or depression, n (%)

7 (78)5 (56)Not anxious or depressed

0 (0)3 (33)Slightly anxious or depressed

2 (22)1 (11)Moderately anxious or depressed

0 (0)0 (0)Severely anxious or depressed

0 (0)0 (0)Extremely anxious or depressed

.0960.0 (50.0-75.0)50.0 (42.5-70.0)VASa, median (IQR)

aVAS: visual analog scale.

Objective Measures
The number of repetitions during the 1-MSTS test showed a
nonsignificant increase after completion of the program, from
a median of 15 (IQR 12-19) repetitions to a median of 16 (IQR
13-21) repetitions (P=.05). In addition, no significant differences
in handgrip strength were observed, from a median of 30 (IQR
25-34) kg to a median of 30 (IQR 23-33) kg (P=.73).

Financial Costs
The financial costs of the program can be divided into (1) costs
with regard to the deployment of health care professionals and
(2) costs with regard to technology (activity tracker, digital
platform, and laptops that were needed for the therapists to
perform video consultations). An overview of the intervention
costs per participant is presented in Table 4.
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Table 4. Intervention costs per participant.

Costs per participant € (US $)Type of costs

Health care professionals

79.94 (92.69)Intake with 2 therapists (1 hour)

59.96 (69.53)Video consultations (6×15 minutes)

39.97 (46.35)Final evaluation with 2 therapists (30 minutes)

8.33 (9.66)Activity trackers (2 months)

13 (15)Hosting costs of digital platform (2 months)a

0.31 (0.36)Laptops (2 months)a

201.51 (233.66)Total costs per participant per program

aBased on an annual number of 200 participants in regular care setting.

Discussion

Overview
This exploratory study showed that home-based
cardiopulmonary telerehabilitation for patients with severe
combined cardiac and pulmonary disease is feasible in terms
of program completion and is associated with high satisfaction
rates and functional improvement. However, a decrease in
adherence during the program was observed, and some
participants reported difficulties with the technology.

Program Completion and Adherence
Our study showed that of the 10 participants, 9 (90%) completed
the program, but the median adherence was lower (75%; (IQR
37%-88%). It should be noted, however, that the actual
adherence may have been underestimated because we based
our findings solely on the number of recorded sessions with the
activity tracker, which was experienced as troublesome by some
patients. Other studies evaluating home-based CR in patients
with CHF generally showed a high mean adherence but with a
wide variation ranging from 54% to 110% [21]. In patients with
COPD too, adherence to home-based exercise programs was
highly variable, ranging from 21% [22] to 93.5% [23]. The
study by Bernocchi et al [14] reported both a high completion
rate of 86% and high adherence of 93% during a 4-month
home-based rehabilitation program for patients with
middle-severe combined CHF and COPD. However, because
adherence was monitored by means of a written physical activity
diary compared with sensor-based registration in our study, it
is difficult to directly compare these results. Other factors
explaining the broad variation in the adherence rates in
home-based programs include the design of the program (eg,
directly supervised home-based sessions vs unsupervised
sessions); the number of contact moments with the
telerehabilitation institution; the use of motivational strategies
during the program; and the population being studied with regard
to age and frailty, disease severity, clinical stability of the
disease, and presence of comorbidities.

Although completion of the telerehabilitation program was high,
we observed a decrease in adherence to the prescribed exercise
sessions during the study period. A possible explanation for
reduced adherence is temporary worsening of cardiopulmonary

physical complaints or other coexisting diseases. Although the
patients were also participating in a telemonitoring program
focused on symptoms and vital signs, an actual integration of
telemonitoring and the home-based exercise program was
lacking. Ideally, when worsening of physical complaints was
detected by telemonitoring, the rehabilitation therapists should
have been informed immediately to adjust the exercise program
to the patients’ physical capacity. Indeed, the study by Loeckx
et al [24] showed that a lack in program adjustment during an
exacerbation of COPD was experienced as a barrier by patients
with COPD attending a 12-week telecoaching program.
Furthermore, the decline in adherence may be related to
motivational problems. This is supported by the fact that the
median adherence to exercise prescription in our study gradually
decreased (as opposed to a sudden decrease because of
symptoms). This gradual decrease in adherence is not unique
to our study and was also found in other studies on home-based
exercise programs in both CHF and COPD [25-27]. This
highlights one of the most challenging aspects of CR and PR
programs, which is to achieve actual behavioral changes that
result in long-term maintenance of a certain activity level after
completion of a rehabilitation program. This might be even
more challenging in older patients with several comorbidities
who have frequent relapses of their disease. Home-based
rehabilitation programs should therefore be designed using
effective behavior change techniques. Our study used the
following behavior change techniques: goal setting, action
planning, using graded tasks, self-monitoring of behavior,
motivational interviewing during follow-up video calls,
information about health consequences, and reviewing outcome
goals. The number of techniques used is in line with other
studies on eHealth physical activity interventions in patients
with cardiovascular disease [28]. Behavior change techniques
that might have been of added value in this study are the use of
social support, providing prompts or cues to perform exercise,
and providing rewards when an exercise session was completed
(eg, by using text messages). Furthermore, a step-down approach
to contact moments with the therapists and on-demand coaching
may be more effective than a fixed coaching frequency and
period. Nevertheless, the effectiveness of individual behavior
change techniques with regard to physical activity outcome is
not established yet [28].
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Although digital technology can serve as a very useful medium
to apply behavior change techniques, it should be noted that
some of our study participants experienced difficulties using
digital technology. Therefore, the technology can also serve as
a barrier to achieving behavioral changes. In fact, Tadas et al
[29] found that although the use of technology in eHealth
interventions for patients with cardiovascular disease is readily
accepted, the use of additional devices, especially in older adults,
can be perceived as burdensome. Nevertheless, the facilitators
with regard to the adoption of digital technology were
background knowledge about the disease, in-the-moment
understanding of health status by monitoring of physical
(activity) data, the ability to connect and exercise with other
patients and the involvement of family, receiving direct
feedback, reminders through apps that might also use
gamification principles, and the ability to personalize the
program in terms of technical aspects [29]. The adoption of
digital health technology in patients with COPD is associated
with similar barriers and facilitators [30].

Program Completion and the COVID-19 Pandemic
The COVID-19 pandemic has added new barriers to
participation in center-based CR and PR, namely temporary
closure of CR and PR centers, reduced capacity after partial
reopening of these centers, and anxiety of patients regarding
regular visits to a CR or PR center [31]. This study was
predominantly performed during the COVID-19 pandemic, but
the inclusion of participants and follow-up consultations by the
therapists were not affected by the pandemic. Moreover,
adherence to exercise prescription is likely to be unaffected by
the pandemic because exercise could be performed in the home
environment, taking the patients’preferences into account. This
study thereby shows the potential of home-based interventions
as an alternative to center-based rehabilitation.

Program Satisfaction
Although the participants in our study were highly satisfied
with the home-based exercise program, they were experiencing
difficulties in particular with using the wrist-worn activity
tracker, which was used to record their exercise sessions. To
facilitate the activity tracker’s use, one of its software features
was adjusted before the study to enable the participants to start
and end training sessions more easily. Moreover, functionalities
that were not needed for study purposes were turned off.
Nevertheless, some participants still experienced the use of the
activity tracker as troublesome, which may have contributed to
impaired adherence to the exercise prescription. Therefore, we
suggest the use of sensors that patients only need to wear,
without the need to perform additional actions. Moreover,
automatic transfer of sensor data to a health platform should be
provided. In addition, sensors that provide simple metrics (such
as step count) and give direct feedback to users have been
particularly graded as useful [24].

Program Efficacy
Program efficacy was assessed using both subjective and
objective measures. Although the sample size was too small to
evaluate program efficacy with sufficient statistical power, and
a control group was lacking, we observed an improvement in

the PSC scores. Moreover, a trend toward improvement in the
mMRC Dyspnea Scale and HRQoL scores was observed. No
clinically relevant changes were observed in the objective
measures (1-MSTS and handgrip strength tests). Although
several studies on home-based CR and PR showed evidence of
improvement in QoL and physical performance, as well as
reduction in hospital admissions [32], this cannot yet be
confirmed in our studied patient population, which is
characterized by severe combined cardiopulmonary disease in
combination with several other comorbidities and frequent
exacerbations. This is supported by the study by Demeyer et al
[33], which showed a significant improvement in physical
activity level in patients with COPD across the whole spectrum
during a telecoaching intervention but demonstrated attenuated
effects in patients with a higher disease severity.

Future Research
This exploratory study aims to optimize the intervention for a
larger trial that will assess the effectiveness of home-based
rehabilitation in patients with severe combined cardiac and
pulmonary disease. On the basis of the findings of this study,
we suggest making the following adjustments to optimize the
intervention:

• Integration of telemonitoring strategies and
telerehabilitation, that is, creating the ability to adjust
exercise prescription in line with fluctuations in symptoms
and exercise tolerance.

• Using prompts to stimulate participants to perform their
exercise and also offering rewards after completing an
exercise session, for example, through text messages.

• Use of a sensor that is easy to use, does not need the
participant to perform several additional actions, provides
metrics that are easy to interpret, and offers direct feedback.

• A treatment period of 8 weeks was experienced as rather
short by the therapists with regard to providing sufficient
coaching and education for the participants to achieve their
rehabilitation goals. Although a duration of 8 weeks is more
often used in rehabilitation programs, a prolonged period
of coaching (at least 12 weeks) in this population consisting
of patients with complex health conditions might result in
higher program efficacy. A step-down approach to contact
moments with the therapists might be of added value to be
able to extend the program duration without causing an
additional financial burden. Moreover, it might stimulate
participants to perform their exercise without frequent
feedback from the therapists, thereby preparing them for
the period after the rehabilitation program has ended.

Limitations
This study included a few limitations. First, the participants
were already using the digital platform for telemonitoring
purposes. The familiarity with the platform might have resulted
in higher satisfaction rates with the home-based exercise
program. Of the 10 participants, 1 (10%) was not familiar with
the platform before beginning the program; however, this
participant also scored high on satisfaction. Moreover, in a
future study, home-based telerehabilitation will also be
introduced after a period of telemonitoring because of the
instability of the diseases.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28634 | p.219https://formative.jmir.org/2021/11/e28634
(page number not for citation purposes)

Herkert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Second, our study only focused on physical activity and not on
other lifestyle domains. However, the ability to improve and
maintain a certain activity level will also be influenced by other
lifestyle behavior domains such as dietary behavior, mental
stress, emotional well-being, and sleep quality. These factors
were not taken into account in this rehabilitation program.

Finally, the results of this trial should be interpreted with caution
because of the small number of participants and the lack of a
control group. Nevertheless, because this study aims to explore
program completion and adherence to, as well as patient
satisfaction with, a home-based exercise program to facilitate

the design of a future randomized controlled trial, we chose not
to include a control group.

Conclusions
Home-based telerehabilitation in older patients with combined
severe cardiopulmonary disease and multiple other comorbidities
is feasible in terms of a high program completion rate and high
levels of patient satisfaction. However, a trend toward decline
in adherence was observed during the program, which highlights
the need for adding technology-based behavior change
techniques in future trials.
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Abstract

Background: Many adolescents with depression do not pursue mental health treatment following a health care provider referral.
We developed a theory-based automated SMS text message intervention (Text to Connect [T2C]) that attempts to reduce cognitive
barriers to the initiation of mental health care.

Objective: In this two-phase study, we seek to first understand the potential of T2C and then test its engagement, usability, and
potential efficacy among adolescents with depression and their parents or caregivers.

Methods: In phase 1, we conducted focus groups with adolescents with depression (n=9) and their parents or caregivers (n=9)
separately, and transcripts were examined to determine themes. In phase 2, we conducted an open trial of T2C comprising
adolescents with depression referred to mental health care (n=43) and their parents or caregivers (n=28). We assessed usability
by examining program engagement, usability ratings, and qualitative feedback at the 4-week follow-up. We also assessed potential
effectiveness by examining changes in perceived barriers to treatment and mental health care initiation from baseline to 4 weeks.

Results: In phase 1, we found that the themes supported the T2C approach. In phase 2, we observed high engagement with
daily negative affect check-ins, high usability ratings, and decreased self-reported barriers to mental health treatment over time
among adolescents. Overall, 52% (22/42) of the adolescents who completed follow-up reported that they had attended an
appointment with a mental health care specialist. Of the 20 adolescents who had not attended a mental health care appointment,
5% (1/20) reported that it was scheduled for a future date, 10% (2/20) reported that the primary care site did not have the ability
to help them schedule a mental health care appointment, and 15% (3/20) reported that they were no longer interested in receiving
mental health care.

Conclusions: The findings from this study suggest that T2C is acceptable to adolescents with depression and most parents or
caregivers; it is used at high rates; and it may be helpful to reduce cognitive barriers to mental health care initiation.

(JMIR Form Res 2021;5(11):e30580)   doi:10.2196/30580
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Introduction

Background
Approximately 6% of US adolescents aged between 12 and 17
years have a diagnosis of depression; however, >20% of those
diagnosed with depression have not received treatment in the
past year [1]. Furthermore, studies show that, on average, 10
years elapse from the time of mental health symptom onset to
receipt of treatment [2]. Among those referred to mental health
care for depression or suicidality, only 18% access mental health
care within 6 months [3], which may increase only to 32% with
integrated mental health services [4]. If left untreated, depression
can become harder to manage [5] and puts individuals at greater
risk for suicide [6].

There are many documented reasons why adolescents do not
seek or receive mental health treatment. Help-seeking for mental
health symptoms is a multistep process beginning with an
awareness of the problem, followed by an expression of the
problem and the need for help to others—which for adolescents
is typically a parent or caregiver–followed by a discussion and
plan for help-seeking [7]. Barriers to advancement along this
process for mental health treatment include lack of health
literacy, perceived stigma, concerns about confidentiality, and
preference for self-reliance. These barriers are amplified in the
adolescent development period [8] and are difficult to overcome
when both the child and parent or caregiver may have different
beliefs or barriers.

Interventions aimed at improving help-seeking for mental health
have shown mixed results. A systematic review from 2012
demonstrated that mental health help-seeking interventions
improve attitudes but not necessarily behaviors among young
people [9]. A more recent systematic review and meta-analysis
of 98 mental health help-seeking interventions found that formal
help-seeking behaviors improved when the intervention was
delivered to adults with or at risk of mental health problems but
not when delivered to adolescents [10]. Among a review of
interventions targeting mental health in adolescents specifically,
almost all were delivered in schools, and three-quarters were
education-based [11].

Digital behavioral interventions can overcome barriers of
in-person or location-based interventions [12]; however, they
have also shown mixed promise for adolescent help-seeking
for mental health. In 2014, a systematic review of 18 studies of
web-based interventions targeting help-seeking in young people
aged between 14 and 25 years (only 4 of which included
adolescents) found that although the trials did not change in
help-seeking behavior, quasi-experimental and cross-sectional
studies reported that interventions facilitated seeking
professional help for an average of 35% of users [12]. A recent
scoping review of 4 studies of digital health interventions aimed
at improving help-seeking behavior or access to mental health
services among parents or caregivers of 2- to 12-year-olds
concluded there was some evidence of improved mental health
literacy but not necessarily help-seeking [13].

Objectives
Given the current gap in evidence for help-seeking interventions
for mental health care initiation among at-risk adolescents, we
developed and tested an automated SMS text message
intervention (Text To Connect [T2C]) designed to reduce
cognitive barriers to mental health care help-seeking among
adolescents with depression and their parents or caregivers. This
report details the design of our intervention and presents the
results from a two-phase study. In phase 1, we conducted focus
groups with adolescents with depression and their parents or
caregivers separately to understand the barriers to mental health
treatment and the acceptability of the T2C approach. In phase
2, we conducted an open trial of T2C for adolescents with
depression referred to mental health care and their parents or
caregivers. We assessed usability by examining T2C program
engagement as well as usability ratings and qualitative feedback
at the 4-week follow-up. We assessed potential effectiveness
by examining changes in perceived barriers to mental health
care and mental health care initiation from baseline to 4-weeks.
Findings from this study are critical to inform the further
development and evaluation of digital interventions aimed at
improving help-seeking and linkage to mental health care.

Methods

T2C Intervention Design

Theoretical Basis
We designed T2C to reduce cognitive barriers to seeking mental
health care. T2C was informed by the Health Belief Model [14],
where perceived susceptibility or severity of depression,
perceived benefits to mental health treatment, and cues to action
all influence the likelihood of mental health care help-seeking.
The T2C design was also shaped by the belief that help-seeking
is a multistep process that starts with awareness of the problem,
followed by a recognition that mental health care can help and
subsequently by a discussion and plan for help-seeking between
child and parents or caregivers [7].

Technical Design
T2C is an automated computer program created and housed in
the Office of Academic Computing at the University of
Pittsburgh Department of Psychiatry. In brief, it is a table-driven
program that uses Microsoft SQL, which batches outgoing timed
messages and receives incoming messages using Twilio (Twilio
Inc). Program flow, branching logic, query wording, and
feedback libraries were all created before the enrollment of the
first participant. Although the program was designed to function
with the child-parent or -caregiver dyad, we allowed either
parent or caregiver or child to enroll without the other to enhance
applicability to real-world situations.

Onboarding
To onboard, T2C participants were prompted to text a unique
keyword to initiate T2C. Once initiated, participants received
introductory texts including instructions that they could drop
out of the T2C program at any time by texting Quit. Parents or
caregivers and adolescents received a series of SMS text
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message queries to assist in the stratification and tailoring of
T2C content.

T2C Intervention

Parent or Caregiver
Upon enrollment (Figure 1), parents or caregivers received the
message, “Have you made an appointment for your child to see
one of our mental health clinicians?” If they reported that they
had already made an appointment, they were sent a link to an
informational page about the mental health clinicians at their
site and a query, “What is the date of your appointment?” which
was used to send a reminder text the day before the scheduled
appointment. If the parent or caregiver reported not having made
an appointment, they were asked, “Are you ready to make an
appointment for your child?” If they replied affirmatively, they
were provided instructions on how to set up an mental health
care appointment. If they indicated not being ready, they
received the messages, “Do you feel that your child could benefit

from seeing a mental health clinician?” and “Do you have
concerns about your child seeing a mental health clinician?”
On the basis of their responses to these queries, an individual
would receive psychoeducation aimed at reducing stigma,
increasing perceived benefits of mental health care, or both.
Psychoeducation was designed in a microlearning format [15]
as daily true or false questions for 6 days (see Multimedia
Appendix 1 for sample messages). To encourage conversations
between parent or caregiver and child regarding depression and
mental health care, T2C provided cues to action at the end of
each day in the form of a talk tip, for example, “Sometimes
starting the conversation is hard. Consider: Are you okay? I’m
here if you want to talk.” On day 7, parent or caregiver
participants received a check-in asking if they were then ready
to make an appointment. At this point, if they did not feel ready,
they were referred to their child’s primary care physician to
discuss their decisions. If they indicated that they were ready,
they received appointment instructions.

Figure 1. Parent or caregiver Text To Connect flow diagram. MH: mental health.

Adolescent
Upon enrollment (Figure 2), adolescent participants received
similar introductory queries to their parents or caregivers to
help tailor intervention material: “Do you think that seeing a
mental health clinician could help you?” and “Do you have any
concerns about seeing a mental health clinician?” On the basis
of their responses to these queries, an adolescent would receive
psychoeducation in the form of true or false questions for 6
days aimed at reducing stigma, increasing perceived benefits
of mental health care, or both (see Multimedia Appendix 1 for
sample messages). To increase awareness of symptoms and
severity of depression among adolescents, T2C incorporated
daily mood monitoring, which has been shown to differentiate
adolescents at higher risk for psychopathology [16]; “How often
have you felt down, depressed or sad today on a scale 1 (not at
all) to 5 (all day)?” As depressed adolescents often

underestimate the severity of their symptoms and do not
correctly perceive their degree of psychological risk associated
with depressive symptoms [17], T2C provided adolescents with
both immediate and end-of-week feedback on their
depression-related symptoms. Immediate feedback focused on
relating symptoms to underlying psychopathology, for example,
“You report some symptoms of depression today” and
prompting self-management strategies, for example, “Try to
focus on one small thing that was good today.” End-of-week
feedback focused on quantifying the extent of depressive
symptoms; “You reported some symptoms of depression on
[X%] of days this past week,” where X was calculated as: (days
with any depressive symptoms) / (days with any report).
Adolescents were then offered the option of continuing mood
monitoring: “Are you interested in continuing to monitor your
mood for another week?”
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Figure 2. Adolescent Text To Connect flow diagram.

Safety
We included a safety feature whereby any response from
adolescents or parents or caregivers that included a concerning
keyword (ie, help, suicide, kill, hurt, die, pills, gun, and please)
immediately triggered an automated message providing crisis
resources: “If you are experiencing an emergency, please call
9-1-1 or text CONNECT to 741741 to reach the Crisis Text
Line.”

Phase 1: Focus Groups

Study Design
Phase 1 was a focus group study of adolescent-parent or
caregiver dyads. All participants completed written informed
consent. All procedures were approved by the institutional
review board of the University of Pittsburgh.

Participants
We recruited adolescent-parent or caregiver dyads from primary
care clinics and through flyers posted in clinical settings at a
single health system in western Pennsylvania. Research
assistants approached families or contacted them by phone after
they expressed interest in participating in the research. Eligible
adolescent-parent or caregiver dyads were included if the child
was aged between 12 and 17 years and screened positive for
depressive symptoms as part of standard clinical care at their
pediatric primary care office. Participants were not eligible if
they were not fluent in English. Participants were scheduled for
a focus group session where signed consent was obtained from
young people aged >16 years and signed parent or caregiver
consent and child assent from those aged <16 years.

Procedures
Before conducting any focus groups, a standardized,
semistructured qualitative guide was developed to increase
consistency across the interview sessions. Data collection for
adolescents and parents or caregivers occurred between
November 2018 and January 2019. The focus groups took place
at research staff offices, and the sessions lasted approximately
120 minutes. Adolescent focus group sessions occurred
separately from the parent or caregiver sessions. The focus
groups were conducted by a female facilitator with expertise in

focus group techniques and qualitative methodology. All
sessions were audio recorded digitally and transcribed. A slide
presentation of a T2C mockup was shown to the participants
as part of the session. The interview topic guide covered (1)
barriers to mental health care, (2) ways to motivate teens to
initiate mental health care, (3) reactions to the T2C prototype,
and (4) design areas to develop further regarding the design and
content of T2C. All participants received US $25 for focus
group participation.

Analyses
Focus group transcripts were analyzed using a thematic content
analysis approach and used the qualitative research software
package ATLAS.ti 5.0 (Scientific Software Development). A
preliminary codebook was created based on close readings of
the first transcripts, incorporating explicit domains from
interview guides (deductive themes) as well as recurrent
unanticipated themes that emerged across transcripts (inductive
themes). The coded text was further reviewed through an
iterative process, resulting in refined themes. We did not record
which individual participant said which statement or counted
how many participants agreed or disagreed with a given
statement. In presenting the results, we chose participant quotes
that represented both most sentiments within each theme as well
as any quote that offered a contrasting opinion within that theme.

Phase 2: Pilot Single-Arm Trial

Study Design
We then conducted an open single-arm trial of T2C,
preregistered at clinicaltrials.gov (NCT04560075). Data were
collected at baseline and 4-weeks post enrollment. Adolescents
could enroll without their parents or caregivers enrolling.
Participants completed written informed consent. All procedures
were approved by the institutional review board of the
University of Pittsburgh.

Participants
We recruited adolescents from 4 primary care sites (22/43,
51%), 1 specialty clinic (2/43, 5%), and 1 mental health clinic
(19/43, 44%) in Pittsburgh, PA. Participating sites were asked
to identify and refer adolescents with depression who were
referred to mental health care according to their usual clinical
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practice. Upon identifying potential adolescent participants, the
care providers asked if the parent or caregiver was willing to
speak with a researcher to learn more about the study and
provide assent for their child. Once an adolescent was enrolled,
an available and interested parent or caregiver (one per child)
was assessed for inclusion and, if verified, were enrolled. Once
informed consent was obtained, the research team scheduled
baseline assessment and relevant onboarding.

Inclusion criteria were as follows: (1) adolescents aged 12-17
years, (2) English language fluency and literacy sufficient to
engage in study assessment and intervention, (3) adolescent
Patient Health Questionnaire-9>11 or Patient Health
Questionnaire-9 item 9>1, and (4) adolescent referred for mental
health services by their primary care provider or other health
care provider. Exclusion criteria were as follows: adolescents
and parents or caregivers who do not own a cell phone with
SMS text message capabilities.

Measures
Cognitive barrier classification (ie, perceived benefits or stigma)
and program engagement data (ie, negative affect check-ins)
were obtained from SMS text messaging logs. Demographics,
program usability, barriers to mental health care, and health
care use measures were obtained through a secure website at
baseline and 4-weeks from adolescents.

T2C Usability
T2C usability was measured with questions taken from the
Post-Study System Usability Scale [18]. The questions included
“Overall, I am satisfied with how easy it is to use
Text2Connect,” “The information provided with Text2Connect
was clear,” and “I liked interacting with the Text2Connect
Program,” all with response options ranging from 1=strongly
disagree to 7=strongly agree. The question “I needed to learn
a lot of things before I could get going with Text2Connect” was
presented with response options ranging from 1=strongly
disagree to 5=strongly agree. The question “If a friend were in
need of a mental health care, would you recommend
Text2Connect to help him or her manage symptoms?” was
presented with response options ranging from 1=no, definitely
not; 2=no, I don’t think so; 3=yes, I think so; and 4=yes,
definitely, reduced in analyses to a dichotomous variable of yes
or no.

Barriers to Mental Health Care
Barriers to mental health care were measured using a brief
version of the Barriers to Adolescents Seeking Help scale,
derived from the longer scale developed by Kuhl et al [19]. The
abbreviated measure comprised 5 of the original 37 self-report
items and specifically targets belief-based barriers to seeking
professional mental health help (eg, “A therapist might make
me do or say something that I don’t want to” and “If I had a
problem and told a therapist, they would not keep it a secret”).
Each item was presented with response options ranging from
1=strongly disagree to 6=strongly agree. Higher scores indicate
higher belief-based barriers to professional mental health
help-seeking. In this study, Cronbach α for the 5-item
abbreviated measure Barriers to Adolescents Seeking Help was
.66 (for adolescents) and .45 (for parents or caregivers). Because

internal consistency was low, all item responses are presented
separately, and, for simplicity of presentation, we dichotomized
responses into agree (if responded agree or strongly agree) and
disagree (if responded slightly disagree, disagree, or disagree
strongly).

Analysis
We assessed engagement by calculating the response rates to
SMS text messages within and between individuals. We assessed
usability and perceived utility by examining ratings and
qualitative feedback from adolescents and parents or caregivers
at the 4-week follow-up. Potential effectiveness was assessed
by examining changes in perceived barriers to mental health
care in adolescents and parents or caregivers from baseline to
4-weeks. We explored the patient characteristics associated with
mental health care initiation at 4-weeks using chi-square tests.

Results

Phase 1: Focus Groups

Sample Characteristics
A total of 9 dyads of adolescents with depression and their
parents or caregivers completed a focus group session.
Adolescents were aged between 15 and 17 years; 33% (3/9)
were female, 33% (3/9) were Black, and 22% (2/9) were more
than one race. Parent or caregiver age ranged from 31 to 61
years; 89% (8/11) were female, 22% (2/9) were Black, and 9%
(1/11) were more than one race.

Theme 1: Parents or Caregivers and Adolescents Face
Multiple Barriers to Receiving Mental Health Care
Parents described playing an active role in scheduling
appointments but experienced logistical barriers to successfully
navigating the system. A mother stated the following:

You know that’s already like kind of an emotionally
overwhelming sort of thing to be facing. Um, and to
have like all the logistics piled on top with like it’s so
complex and you have to navigate it all by yourself.

Parents described a dearth of mental health professionals
specializing in adolescents, a need to find the right fit with their
child’s personality, and a sense of frustration with the need for
multiple mental health care providers. For example, one parent
quipped, “One for evaluation, one for talk therapy, one for
medication.” Parents and adolescents lamented the difficulty in
fitting mental health care into their schedules. One parent even
described the frustration with their child being fired when they
missed an mental health care appointment.

Theme 2: Most Parents Report Being Supportive of
Mental Health Care, but Adolescents Were Frequently
Opposed to or Ambivalent About Seeking Mental Health
Care
Common reasons adolescents reported being opposed to mental
health care included the following: not believing that mental
health treatment was necessary, not believing that mental health
treatment is effective, not knowing what to expect from therapy,
fearing that the counselor would not respect their privacy, and
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the concern that getting treatment means something is wrong
with them. An adolescent bluntly summed this up as follows:

Counseling never helps, it’s useless, it’s a waste of
time. I do not wanna go talk to somebody. Um, they
do not know anything.

Theme 3: Adolescents Suggested Many Ways Mental
Health Care Could Be Viewed as More Useful
One suggestion was to explain to an adolescent exactly what
mental health care actually entailed. As one teen put it, a
program should help them realize that through therapy, “they’ll
be a better version of themselves [who] will be more aware of
how to deal with their emotions properly rather than doing
something they regret.” Another suggestion was to present them
with evidence of their depression or negative mood to make
treatment seem more necessary. A third suggestion was to help
the teen find a therapist with whom they could build rapport.
Finally, there was the idea that if all else failed, to incentivize
the teen through payment. A parent echoed this idea when she
said the following:

I think I used bribery, [Laughter] threats of a
privilege loss. Um, I’m trying to remember exactly
what I did but I-I can’t um, I mean I told him that he
needed to go, like he just, he needed to uh, he needed
to give it a shot, go at least once or twice.

Theme 4: Most Participants Had a Positive Reaction to
T2C, and Many Thought That Using T2C Would Achieve
the Goal of Increasing the Number of Teens Who
Received Treatment
Texting was perceived as an ideal modality as it is easy,
relatable, and simpler than talking on the phone. An adolescent
said the following:

I think this is fabulous, um every teenager I see
nowadays is on their phone non-stop, and I think that
they can relate to some—cuz it’s not a live person
too. They’re a little bit more—it’s not a parent, it’s

not a live person, so if they are having a feeling, they
can say “yes” and not like that fear of uh the adult
either standing there or like a parent like, you know.
Yeah, so I actually love this a lot.

Parents thought it could be useful to convince reluctant parents
that their children needed treatment and would provide parents
with the same information as their children so that they could
be on the same page, and also so that the parents could discuss
the information with the child. There seemed to be mixed
feelings about interacting with an automated communication
system or bot; they expressed that they were more likely to
disclose true feelings but also less likely to feel obligated to
engage.

Theme 5: Adolescents and Parents Had Several
Suggestions on How to Improve T2C
Adolescents felt that it was important to be very clear in
onboarding about who would see their texted responses,
especially responses related to their mood reports. Several
adolescents suggested that messages may sometimes not grab
their attention and could get dull over time and recommended
using humor and emojis to get and keep the teens’ interest. Most
adolescents did not like the true or false format of delivering
psychoeducation, relating that some teens may get upset in being
told they were wrong. Contrary to adolescent concerns about
keeping their reports private, several parents thought that there
would be value in having access to their child’s mood reports.
A parent stated that shared reports could convince “reluctant
parents that their children needed treatment...so that they could
be on the same page, and also so that the parents could discuss
the information with the child.”

Phase 2: Pilot Single-Arm Trial

Participants

Adolescents

Of the total sample of consented adolescent participants (n=43),
most were born female (35/43, 81%) and White (33/43, 77%;
Table 1).
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Table 1. Characteristics of phase-2 study participants (N=71).

Parent or caregiver (n=28)Adolescent (n=43)Characteristics

—a16 (2.9)Age (years), mean (SD)

25 (89)35 (81)Sex at birth (female), n (%)

Race, n (%)

27 (96)33 (77)White

1 (4)3 (7)Black or African American

0 (0)2 (5)Asian

0 (0)2 (5)More than one

0 (0)3 (7)Other

NR2 (5)Hispanic

NR8.9 (5.5)Baseline depressive symptoms (PHQ-9b), mean (SD)

NR2 (1.5)Lifetime suicide attempts, mean (SD)

Household income (US $), n (%)

3 (11)NR<25,000

5 (18)NR25,000-50,000

3 (11)NR50,000-75,000

5 (18)NR75,000-100,000

12 (43)NR100,000

aNot available.
bPHQ-9: Patient Health Questionnaire-9 item.

Parents or Caregivers

A total of 28 parents or caregivers agreed to participate (18/28,
65% of dyads Parents or caregivers were mostly female (25/28,
89%) and White (27/28, 96%). Approximately 43% (12/28)
reported living in a household that makes >US $100,000 per
year.

Mental Health Care and Barrier Classification

Adolescents

At baseline, before any intervention exposure, 21% (9/43) of
adolescents reported not perceiving benefits to mental health
care and 21% (9/43) reported perceived stigma to mental health
care.

Parent or Caregivers

At baseline, before any intervention exposure, 68% (19/28) of
parents or caregivers reported already making a first
appointment for mental health care for their child. Of the 9
remaining parents or caregivers, 5 (56%) were ready to make

an appointment. Of the 4 remaining parents or caregivers who
did not feel ready, 1 (25%) reported not perceiving benefits to
mental health care for their child, and 1 (25%) perceived stigma
to mental health care. Among the 4 matched adolescents whose
parents or caregivers were not ready, 2 (50%) adolescents
reported not perceiving benefits to mental health care and 1
(25%) reported perceived stigma to mental health care.

Adolescent Negative Affect Check-ins
A total of 1848 SMS text message negative affect check-ins
were sent over the study period and 89.23% (1649/1848) were
completed. After completing the first week of T2C engagement,
79% (34/43) of adolescents opted to continue mood monitoring.
The median number of weeks an adolescent opted to continue
the T2C intervention was 4 weeks and a maximum of 35 weeks
in 1 participant. The distribution of responses by adolescent
participants to the daily negative affect check-in “How often
have you felt down, depressed or sad today on a scale 1 (not at
all) to 5 (all day)?” across the first 4 weeks are shown in Figure
3.
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Figure 3. Daily negative affect reports by participant.

Program Usability
Overall, 93% (40/43) of adolescents and 96% (27/28) of parents
or caregivers completed the usability survey questions (taken

from the Post-Study System Usability Scale) at the 4-week
follow-up. Overall, mean usability scores were high among
adolescents and parents (Table 2).

Table 2. Program usability (N=67).

Parent or caregiver
(n=27)

Adolescent (n=40)Usability survey questions

6.5 (1.0)6.1 (1.3)Overall, I am satisfied with how easy it is to use Text2Connect, mean (SD)a

6.3 (1.3)6.3 (0.9)The information provided with Text2Connect was clear, mean (SD)a

5.22 (1.9)5.1 (1.5)I liked interacting with the Text2Connect Program, mean (SD)a

21 (78)28 (70)If a friend were in need of a mental health care, would you recommend Text2Connect to help him or

her manage symptoms? n (%)b

1.1 (0.3)1.5 (1.0)I needed to learn a lot of things before I could get going with Text2Connect, mean (SD)c

aRatings for statements 1 through 3: 1=strongly disagree to 7=strongly agree.
bRatings for statement 4: 1=no, definitely not; 2=no, I don’t think so; 3=yes, I think so; and 4=yes, definitely was reduced to yes or no and presented
as n (%) responding yes.
cRatings for statement 5: 1=strongly disagree to 5=strongly agree.

Qualitative Feedback on T2C

Adolescents

When asked why they would recommend or not recommend
the T2C program, adolescents expressed a range of opinions
and thoughts. Among those who would recommend the program,
several highlighted the benefits of check-ins, noting it made
them feel “less alone” and “cared for.” Several others noted the
ease of interacting with the program. Among adolescents who

would not recommend the T2C program, 1 participant stated,
“I think it's good for tracking your mood and how you’re feeling
on a regular daily basis but it's not actually helping you cope
with your feelings.” Another stated, “I would say it you’re really
in a bad mental state having an automated bot is not the best
thing to have because it doesn't feel special to you, no real
human connection.”
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Parent or Caregivers

Among those who would recommend the program, parents or
caregivers noted the ease of use, 1 parent stating, “It was more
laid back for my son than talking to someone in person.”
Another commented, “It made you think about the scenarios.
easier to open up about things. made recommendations. Text
is easy these days and how kids like to communicate.” Several
of those who would not recommend the T2C program
commented that automation was limiting; one parent or
caregiver stated as follows:

Not really interactive. Try to respond to text...we don't
understand response call 911 if emergency.
Disjointed. If someone was reaching out for help it
wouldn't be helpful.

Barriers to Mental Health Care

Adolescents

At baseline (Figure 4), embarrassment was the most common
barrier to mental health care, and lack of time was the least
common barrier. There were small reductions (2%-10%) in all
barriers to mental health care between baseline and the 4-week
follow-up.

Figure 4. (A) Adolescent barriers and (B) parent or caregiver barriers.

Parent or Caregivers

At baseline, barriers to mental health care were less common
in parents or caregivers compared with adolescents.
Embarrassment was not indicated as a barrier among any parent
or caregiver; however, cost was the most common parent- or

guardian-reported barrier. There were no reductions in parent-
or guardian-reported cognitive barriers to mental health care
from baseline to the 4-week follow-up.
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Mental Health Care
At 4 weeks, of the 42 adolescents who completed follow-up,
22 (52%) reported that they had attended an appointment with
an mental health specialist. Of the 20 adolescents who had not
attended an mental health appointment, 1 (5%) reported that it
was scheduled for a future date, 2 (10%) reported that the
primary care site did not have the ability to help them schedule
an mental health care appointment, and 3 (15%) reported that
they were no longer interested in mental health care.

Discussion

Principal Findings
In phase 1, we found evidence that adolescents with depression
and their parents or caregivers face numerous barriers to
receiving mental health care, among which cognitive barriers
related to stigma and belief in the utility of mental health care
play a significant role. We also found evidence that a program
like T2C incorporating daily negative affect check-ins for
adolescents and (for parent or caregivers) daily prompts to talk
about mental health care with their child had the potential to
reduce some barriers by being easy, relatable, and simpler than
talking on the phone. In phase 2, we found evidence that T2C
is used at high rates by adolescents, has high usability ratings,
and may reduce perceived barriers over time.

Regarding adolescent engagement, we found that all completed
onboarding, including mental health barrier classification, and
there were high opt-in rates for continued daily negative affect
check-ins beyond the first week. For adolescents, we believe
that the brevity of daily interactions and the use of SMS text
messaging contributed to these high engagement rates.
Regarding parent or caregiver engagement, we found that
although less than three-quarters of parents consented to enroll
in T2C, all who did completed onboarding, including completion
of mental health barrier classification. Not surprisingly, for
adolescents with parents who refused enrollment, we found
lower rates of mental health care initiation at follow-up. Future
studies should seek to understand why certain parents or
caregivers defer enrollment and ways to improve parental or
caregiver enrollment in help-seeking interventions.

Usability ratings and qualitative feedback reinforced engagement
findings. Overall, adolescents and parents or caregivers were
satisfied with the T2C program, found the message content
clear, and did not need to learn things before operation. In
addition, around three-quarters of adolescents and parents or
caregivers would recommend the T2C program to someone in
need. From qualitative feedback, in addition to being seen as
easy to use, the T2C program—especially the daily negative
affect check-ins—seemed to provide some feeling of being
cared for. The limitation of automated programs not being able
to provide truly personalized support was brought up, suggesting
that efficient programs that supplement bot with counselor
communications should be considered [20].

At the 4-week follow-up, most adolescents reported either
having initiated mental health care or pending scheduling,

leaving only 15% (3/20) of adolescents still not interested in
mental health care. On the one hand, this seems to be a higher
rate of mental health care initiation than the 30% reported in
the literature. On the other hand, this indicates that additional
program components or strategies are needed to close this gap.
At baseline, almost three-quarters of parents or caregivers
reported already making an mental health care appointment,
and more than half of those remaining were ready to make an
appointment. For these dyads, the T2C program functioned
essentially as a scheduling assistant. For parents or caregivers
who were not ready, the program sought to reduce cognitive
barriers and promote dialog with their child about mental health
care. Additional features may include strategies to overcome
structural barriers to mental health help-seeking, including
transportation and virtual visits.

Mechanistically, we found some evidence that the T2C program
facilitates reductions in adolescent cognitive barriers to mental
health care from baseline to 4 weeks. The greatest reduction
(47% to 37%) was observed for concerns around embarrassment,
with smaller reductions regarding privacy and disclosure. We
speculate that the daily negative affect check-ins with feedback
may have made adolescents more comfortable sharing mental
health symptoms, which in turn helped reduce concerns about
embarrassment. Future intervention design could consider
enhancing this effect by priming the adolescent-provider
relationship before an in-person visit with asynchronous
communication.

Limitations and Strengths
This study has several limitations. First, we recruited mostly
female White youth; therefore, the findings may not be valid
in males or racial or ethnic minorities. Second, we did not
measure objective mental health care initiation but used
self-reports from adolescents. Third, we did not capture
participants’ specific mental health or substance use diagnoses
in addition to depression, limiting the understanding of severity
and breadth of mental health care needs. We note several
strengths of our study. First, we were able to recruit youth and
parent or caregiver dyads, as both are critical in understanding
barriers to mental health care initiation. Second, we designed
and evaluated the intervention through multistage user feedback,
incorporating mixed methods. Third, in the phase-2 open trial,
we examined multiple sources of outcome data within each
participant to triangulate usability findings.

Conclusions
In conclusion, this two-phase study demonstrates the need to
engage both adolescents and parents or caregivers in
interventions aimed at overcoming barriers to mental health
care initiation and the potential utility of digital strategies
focused on cognitive and motivational barriers to help-seeking
to do so. There is an urgent need for evidence-based
help-seeking programs for youth with depression, and a program
like T2C, if found to be effective in a larger trial, could fill a
needed gap.
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Abstract

Background: Cirrhosis, or scarring of the liver, is a debilitating condition that affects millions of US adults. Early identification,
linkage to care, and retention of care are critical for preventing severe complications and death from cirrhosis.

Objective: The purpose of this study is to conduct a preimplementation formative evaluation to identify factors that could impact
implementation of the Population-Based Cirrhosis Identification and Management System (P-CIMS) in clinics serving patients
with cirrhosis. P-CIMS is a web-based informatics tool designed to facilitate patient outreach and cirrhosis care management.

Methods: Semistructured interviews were conducted between January and May 2016 with frontline providers in liver disease
and primary care clinics at 3 Veterans Health Administration medical centers. A total of 10 providers were interviewed, including
8 physicians and midlevel providers from liver-related specialty clinics and 2 primary care providers who managed patients with
cirrhosis. The Consolidated Framework for Implementation Research guided the development of the interview guides. Inductive
consensus coding and content analysis were used to analyze transcribed interviews and abstracted coded passages, elucidated
themes, and insights.

Results: The following themes and subthemes emerged from the analyses: outer setting: needs and resources for patients with
cirrhosis; inner setting: readiness for implementation (subthemes: lack of resources, lack of leadership support), and implementation
climate (subtheme: competing priorities); characteristics of individuals: role within clinic; knowledge and beliefs about P-CIMS
(subtheme: perceived and realized benefits; useful features; suggestions for improvement); and perceptions of current practices
in managing cirrhosis cases (subthemes: preimplementation process for identifying and linking patients to cirrhosis care; structural
and social barriers to follow-up). Overall, P-CIMS was viewed as a powerful tool for improving linkage and retention, but its
integration in the clinical workflow required leadership support, time, and staffing. Providers also cited the need for more intuitive
interface elements to enhance usability.

Conclusions: P-CIMS shows promise as a powerful tool for identifying, linking, and retaining care in patients living with
cirrhosis. The current evaluation identified several improvements and advantages of P-CIMS over current care processes and
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provides lessons for others implementing similar population-based identification and management tools in populations with
chronic disease.

(JMIR Form Res 2021;5(11):e27748)   doi:10.2196/27748

KEYWORDS

cirrhosis; informatics; care coordination; implementation; Consolidated Framework for Implementation Research (CFIR); quality
improvement

Introduction

Background
Over 4.5 million US adults were diagnosed with liver disease
in 2018, and an estimated 44,358 died of chronic liver disease
in 2019 [1,2]. Recent estimates indicate that the total annual
health care cost of advanced liver disease or cirrhosis is close
to US $9.5 billion [3]. Cirrhosis may be accompanied by a host
of complications that require a complex, patient-centered
treatment plan, including biannual surveillance visits [4,5].
However, patients with cirrhosis are often not diagnosed by
their primary care provider or, alternatively, are not referred to
specialty care after diagnosis [6]. Owing to the complexity of
cirrhosis treatment, a systematic approach to cirrhosis
management is critical to preventing further complications and
the risk of death.

Health informatics tools have shown promise in the management
of complex diseases and can enhance the continuity of care

[7-10]. However, it is often challenging to incorporate these
tools into existing clinical workflows, with implementation
success dependent on ongoing usability assessments [11,12].
In view of the high morbidity and mortality associated with
cirrhosis, we conducted a preimplementation formative
evaluation to identify facilitators and barriers to implementation
of the Population-Based Cirrhosis Identification and
Management System (P-CIMS) [13].

P-CIMS
P-CIMS, a secure, web-based informatics tool for providers, is
designed to ensure efficient cirrhosis case identification in
clinical populations, facilitate coordination of care for known
cases, and prevent loss to follow-up [13]. Figure 1 presents the
overall process workflow chart for P-CIMS. In Figure 1, we
describe a scenario in which a provider receives a list of
probable cirrhosis cases and must confirm cirrhosis diagnosis
before tracking them in P-CIMS.

Figure 1. P-CIMS process workflow map (adapted from Kanwal et al [13]). CPRS: Computerized Patient Record System; CCTS: cancer case tracking
system; Dx: diagnosis; LC: liver cirrhosis; P-CIMS: Population-Based Cirrhosis Identification and Management System; PCP: primary care provider.
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Development and Testing
The precursor to P-CIMS, the Cancer Care Tracking System
(CCTS), was developed by an interdisciplinary team of
clinicians, programmers, and informatics experts in 2007 [9].
CCTS was a tool that consolidated local Veterans Health
Administration (VHA) electronic medical record (EMR) data
into a dashboard on which providers could view abnormal lung
or liver cancer images and then track the clinical steps required
to reach a definitive diagnosis and treatment plan.

In 2015, P-CIMS was developed using CCTS as a base platform
and then improved over 9 months [13]. P-CIMS data elements
were validated using the full EMR from the VHA National
Corporate Data Warehouse as the reference standard. The beta
version described by Kanwal et al [13] was tested between 2015
and 2017 at a site with over 3800 patients diagnosed with
cirrhosis, according to the EMR data. Results from the beta test
indicated that the use of P-CIMS resulted in 30% of probable
cases being referred to liver specialty care. Findings from the
beta version testing version of P-CIMS have been published
elsewhere [13].

Functional Components
There are 2 main functional components of P-CIMS:

1. Generation of lists of patients who are likely to have
undiagnosed cirrhosis and patients with diagnosed cirrhosis
who have been lost to follow-up using EMRs; and

2. Task management features designed to facilitate retention in
care and help monitor whether patients complete recommended
surveillance testing.

Generation of Lists of Probable Cirrhosis Cases

The P-CIMS report generator allows providers to generate lists
of patients who are either likely to have undiagnosed cirrhosis
or who have diagnosed cirrhosis but who have been lost to
follow-up (henceforth, referred to as probable cases). Providers
can customize these lists based on the following criteria:

1. Any outpatient or inpatient encounters in the last 3 years in
which the patient had at least one cirrhosis diagnosis, as
designated by the validated International Classification of
Diseases, Ninth Revision and Tenth Revision codes [14];

2. Possible cirrhosis, defined as either aspartate aminotransferase
to platelet ratio index >2.0, or Fibrosis-4 index >3.24 in patients
with an active hepatitis C virus (HCV) infection.

3. Last visit to a liver or HCV clinic is >180 days earlier (ie,
more than 6 months ago)

Probable cases must be confirmed by their provider via chart
review for each patient on the list to confirm whether the patient
needs to be coded in P-CIMS for cirrhosis surveillance tracking
(Figure 1).

Cirrhosis Tracking and Management

The second function of P-CIMS is to track and manage all
aspects of ongoing cirrhosis care for probable cases confirmed
via chart review. Providers can track patient compliance with
recommended consultations, screenings, surveillance testing,
imaging, follow-up visits, or referral for transplant evaluation
(Figure 2 shows static screenshots from P-CIMS).

Figure 2. Static screenshots from the Population-Based Cirrhosis Identification and Management System, adapted from Kanwal et al [13] (top 2 images:
generation of probable cases list; bottom 2 images: cirrhosis tracking). APRI: aminotransferase to platelet ratio index; FIB4: fibrosis-4; HCC: hepatocellular
carcinoma; HCV: hepatitis C virus; MELD: model for end-stage liver disease; MRI: magnetic resonance imaging; VA: Department of Veterans Affairs.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27748 | p.237https://formative.jmir.org/2021/11/e27748
(page number not for citation purposes)

Javier et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Purpose of This Study
The purpose of this study is to conduct a preimplementation
formative evaluation using qualitative interviews to identify
barriers and facilitators of P-CIMS implementation across 3
testing sites, including at the beta testing site.

Methods

Setting
We conducted a qualitative formative evaluation with key
stakeholders at 3 high-volume Department of Veterans Affairs
(VA) medical centers in the Sierra Pacific and Southern Central
United States (N=10), including a high-volume site at which
beta testing occurred. The other 2 sites were chosen based on
the criteria for successful P-CIMS implementation. These
criteria included the following: (1) established relationships
between external facilitators (FK, DLS, and AMM) and key
stakeholders; (2) internal facilitators, such as primary care and
liver specialty clinical leadership support; and (3) liver clinic
patient volume. The sites that were chosen were known to have
a higher than average liver clinic volume.

Sample
Although the key purpose of this study was to identify potential
implementation barriers and facilitators through qualitative
interviews, we were also interested in examining usability. As
such, we centered on interviews with specific end-users who
would be using the tool for clinical care; we followed sample
size recommendations from the empirical literature. Guidance
by Turner, Lewis, and Nielsen maintains that a minimum of 3
to 5 participants are sufficient for a usability test with the caveat
that running additional subjects during the same test is unlikely
to reveal new information [15]. Further, other guidance from
the quality improvement literature maintains that code saturation
can be reached with as few as 9 interviews [16]. Our final
sample comprised 10 providers, including 8 physicians and
midlevel providers from liver-related specialty clinics and 2
primary care providers who managed patients with cirrhosis.

Design

Interview Guide Development and Testing
We created a semistructured interview guide based on the
Consolidated Framework for Implementation Research (CFIR),
a metatheoretical framework that describes a set of constructs
organized within 5 domains [17]. These constructs allow
implementation scientists to systematically assess barriers and
facilitators to implementation, including contextual factors
relevant to multisite implementation projects. The following
CFIR domains were chosen for P-CIMS evaluation: outer, inner,
and individual characteristics.

The interview guide was developed, iteratively modified, and
pilot-tested by 2 qualitative researchers with training in medical
anthropology and public health (LAM and JC). The pilot
interview participants were gastroenterologists from the P-CIMS
beta test site and a gastroenterologist from a nontest site who
had previously seen a demo version of P-CIMS. Feedback from
these interviewees was used to refine the interview guide.

Semistructured Interviews
The qualitative team conducted semistructured interviews
between January and May of 2016. Providers were asked about
current practices for identifying and linking patients with
cirrhosis to liver clinic specialty care. Interview topics included
the perceived value and benefit of P-CIMS, usability, barriers
to implementation, and opportunities to improve the tool. VHA
privacy rules prevented live demonstration of the 2 nontest sites.
For those interviews, a Microsoft PowerPoint demonstration,
including deidentified static screenshots of P-CIMS, was shown
to the interviewees. An expert was available during the
interviews to answer questions about the tool.

At the beta test site, the interviews included content-specific
usability questions. Four providers who had already used the
beta version of P-CIMS were asked questions that explored how
they had integrated P-CIMS into their clinical workflow,
challenges in using the system, and suggestions for improvement
(LAM and JW). Participants were asked to open P-CIMS and
walk through how they used the system while noting down any
features that were helpful or not helpful.

Analytic Approach
Content analysis is the primary approach used in the current
evaluation [18]. Two analysts (LAM and JW) independently
reviewed the transcripts and constructed the codes to describe
the data. An iterative consensus process was used to draft a list
of subcodes, exemplar quotes, and broader code categories. This
list was then used to create a codebook consisting of a priori
codes that emerged from the data (eg, suggestions for improving
P-CIMS) and code definitions [18]. Individual codes were also
deductively linked to CFIR constructs that guided the data
collection. For example, suggestions for improving P-CIMS
was linked to the CFIR construct Inner Setting: Readiness for
Implementation. These constructs served as sensitizing concepts
to guide coding, but still allowed for the identification of other
salient themes in the data [18].

The codebook was applied for consensus-based coding of the
remaining transcripts. Two coders (LAM and JW) met regularly
to identify additional codes and refine existing code definitions,
with any discrepancies resolved through negotiated consensus.
One member of the qualitative team (JW) compiled coded
passages into separate transcripts, which were used to derive
subthemes. Subthemes were then compiled into matrices for
each code, which included exemplar quotes and examples. For
example, for the major code suggestions for improving P-CIMS,
one subtheme was adding patients to P-CIMS, with descriptive
examples, automatic instead of manual entry, and need clear
definition of cirrhosis.

Several steps were taken to bolster the validity of data collection
and analysis. First, 2 pilot interviews with the target users of
P-CIMS were used to refine the initial codebook (See Interview
Guide Development and Testing section). This is a step that is
often skipped in qualitative research, but it allows investigators
to address instrumentation and bias issues before actual data
collection occurs [19]. Second, the qualitative team purposively
sampled interview participants and interviewed only individuals
who would provide the most appropriate and meaningful insights

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27748 | p.238https://formative.jmir.org/2021/11/e27748
(page number not for citation purposes)

Javier et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


on P-CIMS [20]. To that end, 20% (2/10) primary care providers
were interviewed, and specialists (eg, gastroenterologists)
comprised most of the sample (8/10, 80% providers). These
specialists are the target end-users for P-CIMS, as they work
most closely with patients who would benefit from the tool. In
contrast, we found that interviews with the 2 primary care
providers did not offer unique information in comparison to
specialty care providers. Therefore, we chose not to interview
primary care providers. Third, the qualitative team employed
2 types of triangulation of analytic findings: theoretical
triangulation and investigator triangulation [21]. Theoretical
triangulation, defined as the use of substantive theoretical lenses
(ie, CFIR) to drive data collection and review research findings,
provided a strong basis for the development of both the
interview guide and the codebook. Investigator triangulation,
or data analysis by more than 2 independent coders with
experience in qualitative research (ie, LAM, JW, and DLS)
ensured that concurrence for the final list of subthemes and
descriptive examples was achieved. Data analyses were iterative
and continued until thematic saturation was reached.

Ethics
The Stanford University Human Research Protection Program
reviewed and approved this project as a quality improvement
project. All participants provided verbal consent before being
interviewed. For this type of study (ie, quality improvement),
formal consent is not required.

Human Rights
All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and national research committee and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards. The Stanford University Human
Research Protection Program reviewed and approved this project
as a quality improvement project. The VA Central Institutional
Review Board also approved project #14-11 Population-based
identification and management of veterans with HCV cirrhosis.
For this type of study (ie, quality improvement), formal consent
was not required.

Informed Consent
All participants gave verbal consent before being interviewed.

Results

Sample
Nine interviews took place in person or over the phone and were
audio-recorded and transcribed. One interviewee requested that
the interview not be recorded, and extensive notes were taken
for this interview.

CFIR Mapping
Table 1 presents the main findings mapped to the CFIR
constructs of the outer and inner settings and individual
characteristics of the individuals. Figure 3 presents the main
findings mapped to these CFIR constructs in a descriptive figure.

Table 1. Consolidated framework for implementation research constructs in Population-Based Cirrhosis Identification and Management System
implementation.

Illustrative quoteExample from evaluationCFIRa construct

“If patients are lost to follow-up for 2 years, they drop off
our panel…we don’t currently have any way of…reaching
out to them like the cirrhosis tracker would do.”

Health informatics tools like P-CIMSb can enhance
care continuity for patients with cirrhosis

Outer setting domain—needs and
resources for patients

“We don’t necessarily have the time in our day-to-day du-
ties to really do justice to what this tool really can do.”

Providers said that lack of resources might prevent
them from integrating P-CIMS in their clinical work-
flow

Inner setting domain—readiness
for implementation

“…we have problems getting enough support for HCVc

care…cirrhosis is not on the radar.”

Leadership is not as engaged with cirrhosis initiatives
as other initiatives at their location

Inner setting domain—implemen-
tation climate

“If we had a very clear algorithm that the liver clinic could
sign off on, then potentially the nurses could work through
that but you’d have to work with the nursing service to
their agreement that it was within their scope.”

Providers perceive that cirrhosis tracker implementa-
tion is not a part of their role

Characteristics of individuals
—role within clinic

“…it could very well change the landscape of hepatology,
cirrhosis care as we know it. Anything that we can do that’s
going to be innovative and…improve access and quali-
ty—typically is adopted.”

P-CIMS can be used to streamline continuity of care
for patients with cirrhosis

Characteristics of individuals
—knowledge and beliefs about
the intervention

“We used to do liver lesion monitoring where we manually
entered patients into Excel on a monthly basis. This didn’t
work well…we no longer do this, use the dashboard in-
stead.”

Manual tracking systems for patients with cirrhosis
are ineffective

Characteristics of individuals
—perceptions of current prac-
tices

aCFIR: Consolidated Framework for Implementation Research.
bP-CIMS: Population-Based Cirrhosis Identification and Management System.
cHCV: hepatitis C virus.
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Figure 3. Results of qualitative analysis mapped to Consolidated Framework for Implementation Research constructs. P-CIMS: Population-Based
Cirrhosis Identification and Management System.

Characteristics of Individuals: Role Within Clinic
Overall, 50% (5/10) of the interviewees discussed how
conflicting role expectations may hinder P-CIMS
implementation. For example, liver clinic specialists expressed
concern that primary care providers may not be as well versed
in cirrhosis management as liver or infectious disease specialists.
One provider said:

[The tool] makes sure that the referring providers
are aware that these patients have risk factors for
advanced fibrosis cirrhosis and underlying Hepatitis
C and need to be seen in our service. [ID6]

Furthermore, some providers said that without an automated
reminder system, scheduling staff may forget to contact patients
for follow-up appointments. One provider said:

The liver clinic relies on automated CPRS callback
and reschedule procedures. Patients who are due to
return to clinic receive an automated phone reminder
and an auto-generated appointment reminder card
prior to the expected clinic visit date. Similar
procedures are in place for when a patient is a
“no-show.” No one is assigned to track follow-up
beyond the automated process. [ID8]

Characteristics of Individuals: Perceptions of Current
Practices

Preimplementation Process for Identifying and Linking
Patients to Cirrhosis Care

Overall, 60% (6/10) of the providers discussed the current
processes for identifying and linking patients to cirrhosis care.
Before P-CIMS implementation, liver clinic staff relied on
referrals from primary care or infectious disease clinics for the
identification of patients with cirrhosis. After a patient with
cirrhosis was linked to the liver specialty clinic, some liver
clinic providers created manual tracking systems to manage
patient follow-up office visits and surveillance testing. However,
as one provider explained, these tools could be cumbersome
for the staff to maintain:

So the group of patients we used to track in the past
are people who had abdominal imaging results...we
actually have a list that we follow to make sure that
they get the proper form of imaging...enter them,
manually enter them into spreadsheets and then we
actually make sure that every 6 months they have the
imaging....But we had to stop doing that because we
just don’t have any manpower to be able to do that.
[ID4]
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Structural and Social Barriers to Follow-Up

Overall, 70% (7/10) of the providers cited various reasons for
patients with cirrhosis not attending follow-up appointments or
not being linked to care after their initial appointment. Some
barriers are structural or social in nature. For example, even
though the VA routinely sent automated telephone appointment
reminders to patients, many did not keep their appointments.
Providers cited lack of response as attributable to potential
barriers such as homelessness, drug addiction, or lack of access
to mail or a phone. Second, if a patient canceled an appointment,
there was no alert system in the EMR to notify the provider or
to remind the administrative staff that the patient needed
rescheduling. A third reason for loss to follow-up, as reported
by providers, was the characteristics of the patients themselves.
For instance, patients in the early stages of cirrhosis may be
asymptomatic. These patients may not monitor their condition
closely and, consequently, may stop attending ultrasound and
other appointments. For instance, one provider stated:

Everything can be perfect at our end, but he or she
would not show up for [an appointment]. So education
is the first and foremost thing for them to understand
the gravity of the condition and the importance of
follow-up even though they feel well. [ID1]

In addition, many patients with multiple comorbidities may not
prioritize cirrhosis when other health issues cause immediate
discomfort. Finally, providers reported that some patients may
choose not to pursue any treatment for their liver conditions.

Inner Setting Barrier: Readiness for Implementation
Overall, 50% (5/10) of the interviews discussed clinical
readiness for implementing P-CIMS. Overall, providers felt that
P-CIMS would be best suited for use in a liver clinic or other
specialties that regularly identified and managed patients with
cirrhosis. Other providers cited barriers such as the lack of
available time and number of staff needed to learn and use the
tool, management of cirrhosis as not being part of primary care
focus, and the worry that P-CIMS would add to the workload
burden. For instance, one provider said:

I’m just a little bit nervous about any software that’s
going to require a lot of extra action. [Primary care]
is not going to review 1200 patients to see who is a
candidate for this. Providers are pretty burnt out.
[ID5]

Participants acknowledged that it would take some time and
training before some services fully embraced P-CIMS. Providers
whose local decision-makers valued innovative tools and their
potential to improve patient care felt that P-CIMS was likely to
be adopted in their setting. However, the system would need
complete buy-in from all providers as well as thoughtful
planning about how to best integrate it into the current workflow.

Lack of Resources

Overall, 50% (5/10) of the providers pointed out the lack of
adequate staff time and resources as the biggest obstacle to
implementing and using P-CIMS. As one nurse practitioner
noted:

We don't necessarily have the time in our day-to-day
duties to really do justice to what this tool really can
do. So finding the time, carving out the time, the
uninterrupted time to be thorough in doing this is the
issue. [ID6]

Participants said that P-CIMS needed a designated coordinator
to coordinate and send reminders to primary care for follow-up.
However, most interviewees stated that such a coordinator would
need additional support. One provider said:

Either we have one person who is 100% dedicated to
putting in all of the information regarding all of the
patients that are being seen in the tracker and then
put their follow-up times, date, and whatever things
we need...Even that person may or may not be able
to do all of the things that are necessary because the
workload is going to be significant. [ID10]

In addition, the participants said that adding P-CIMS duties
would slow down their productivity. Reports of chart review
times, along with accompanying patient telephone contact
activities, were closer to 12 to 13 minutes instead of 7 minutes,
as originally estimated by the initial beta testers. Some providers
also said that any new patients identified through P-CIMS would
increase the demand for other hospital services such as
radiology, procedures, and laboratory tests. To address this
limitation, one option proposed by a provider was to distribute
the P-CIMS duties among several staff members. They stated:

On our [Patient Aligned Care Team] team, we have
an LVN and an RN and a pharmacist...I think all 3 of
them, you know, have some time when I give them
specific tasks, like dashboard tasks to do, I think they
can do it. [ID12]

One caveat to this strategy is that it involves a high level of
coordination to ensure that inefficiencies and redundancies do
not occur.

Ideas varied about the best way to integrate the use of P-CIMS
into the clinic workflow. Most interviewees agreed that the user
would need uninterrupted time to use the P-CIMS accurately.
With the current state of resources, providers said that
uninterrupted time would most likely be after hours or on
weekends. As an alternative approach, one provider suggested
entering patient data into the tool at the end of a visit, when the
patient’s information is fresh in the provider’s mind. They
stated:

I think it probably would require anywhere from 3 to
5 minutes to complete [patient tracker] because you
are fresh and then you are actually looking at the
patient record and you’ve just completed the notes.
[ID10]

Estimates varied across providers as to how often the tool would
need to be beneficial.

Some interviewees said that the tool should be used once every
3 to 6 months, whereas others said that once per month use
would be sufficient.
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Lack of Leadership Support

A total of 40% (4/10) of the providers discussed the lack of
leadership support for tools such as P-CIMS. One provider noted
that cirrhosis was not a leadership priority at their location, and
that buy-in for P-CIMS would require more leadership
engagement. They said:

If it’s a financially productive activity...
[administration] might be willing to provide support.
You’re not gonna save money by getting more patients
into hepatitis C treatment, so you know, it’s sort of a
bottom line for the administration....The motivation
would have to be better patient care. It couldn’t be a
financial motivation. [ID12]

To achieve this, the provider recommended highlighting the
tool’s potential to improve patient care to site leadership.

Inner Setting Barrier: Implementation Climate

Competing Priorities

A total of 70% (7/10) providers discussed competing resources
at their sites. The competing priorities were similar across the
primary care providers at different sites. Providers stated that
the treatment of chronic conditions, such as heart failure or
diabetes, took precedence over cirrhosis. In addition, providers
described having too many dashboard tools to use. For instance,
one provider said:

We already have an opioid dashboard. We have an
endocrine dashboard. We have diabetes, we have
hypertension, and to be honest, almost nobody has
time to actually look at them. [ID5]

Most of these tools are not regularly used by providers because
of time constraints, or because they find it confusing and onerous
to use multiple tools. Finally, as mentioned in most interviews,
current staffing levels and clinic duties made it difficult to find
time to incorporate a new tool into the current workflow.

Characteristics of Individuals: Knowledge and Beliefs

Perceived and Realized Benefits

Most participants (ie, 8/10, 80%) generally understood and
valued P-CIMS’s ability to link patients who are most likely to
fall through the cracks or who are at the highest risk of cirrhosis
to care. One provider said:

We [infectious disease clinic] are more focused on
treating patients before they develop cirrhosis, so for
me the focus will be Hepatitis C and Hepatitis B
infected patients, identifying them before they have
cirrhosis, and the tracker allows this to happen. [ID9]

Other providers felt that the P-CIMS’s ability to identify these
patients and help providers monitor and follow up with patients
using reminders and task lists was its most valuable benefit.
Some providers even saw the potential for P-CIMS to be used
for other chronic conditions such as diabetes, high blood
pressure, and heart failure. For instance, one provider said:

I think also it can be used to help in other disease
processes, not just liver. Because it has the upside
then of monitoring diabetes, monitoring your high
blood pressure, possibly monitoring patients with
COPD, CHF. [ID6]

Many found it more powerful and user-friendly than existing
tools such as the clinical case registry in its ability to store,
track, and organize information about patients.

Useful Features

Most providers (ie, 7/10, 70%) stated that certain P-CIMS
features were useful. Providers found the ability to set reminders
and track patient follow-up actions to be one of the most useful
aspects of P-CIMS. Functions such as sorting capabilities and
actions color-coded by priority were also cited as helpful. In
addition, providers also liked the following features: radiology
reports, calculated measures of cirrhosis risk (eg, model for
end-stage liver disease score, Fibrosis-4 index for liver fibrosis,
aspartate aminotransferase to platelet ratio index), primary care
physician reminders to place consults, cancer tracking options,
patient look-up, action lists, and capturing barriers to care.
Suggestions for P-CIMS improvement

Suggestions for Improvement

All interviewees (ie, 10/10, 100%) provided suggestions for
improving P-CIMS. Providers’ suggestions for P-CIMS
improvement were categorized into 4 themes: changes that
would buffer against a slowdown of clinic productivity, changes
to existing content, usability improvements, and potential new
features. Table 2 presents these suggestions based on theme.
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Table 2. Provider suggestions for Population-Based Cirrhosis Identification and Management System improvement by theme.

Potential new featuresUsability improvementsChanges to existing contentAvoiding productivity slowdown

•••• Add search feature for abbrevi-
ations or acronyms

Include patient information
(eg, telephone number) in the
tool to bypass referring to the

EHRb

Provide relevant information
in prominent areas of P-CIMS

Use P-CIMSa outside of clinic
hours or on weekends

•• Add at-a-glance tabProvide a clear definition of
cirrhosis on P-CIMS to guide
decision-making

• Use P-CIMS after completing
patient notes • Add a pending tab

• Add quick-access buttons• Autopopulate P-CIMS with
EHR data• Provide a guide for midlevel

providers diagnosis cirrhosis
• Add an indicator for a closed

consultation• Implement an autosave feature
to avoid loss of work

• Incorporate tracking of clinical
surveillance guideline require-
ments

• Track use metrics (eg, the
amount of time each user
spends on P-CIMS)

• Incorporate a filter feature
where patients can be filtered
by providers

• Autopopulate follow-up dates

aP-CIMS: Population-Based Cirrhosis Identification and Management System.
bEHR: electronic health record.

Discussion

Principal Findings
A preimplementation formative evaluation using the CFIR
domains of outer setting, inner setting, and characteristics of
individuals identified several key benefits and barriers to
implementing a health informatics tool for the management of
patients with cirrhosis—P-CIMS—at 3 sites. While participants
expressed overall interest in and appreciation for the potential
value of P-CIMS, there was concern about the feasibility of
implementation. Mainly, barriers in the inner
setting—understaffing and workload—posed the biggest
challenges in the implementation of P-CIMS.

During the formative evaluation process, providers discussed
current strategies for linking patients with cirrhosis to liver
clinic specialty care (characteristics of individuals: perceptions
of current management of patients with cirrhosis). In the absence
of P-CIMS, providers used manual spreadsheets and manual
tracking systems to manage scheduled office visits, surveillance
testing, and care. For some clinics, the integration of digital
tools in addition to regular electronic health record use may be
onerous and result in less efficient forms of documentation. For
instance, the use of electronic health records to conduct clerical
and administrative tasks has been shown to comprise nearly
half of some clinicians’ overall workdays [22]. Providers
burdened with these tasks may seek out alternatives to P-CIMS
to track patients with cirrhosis. Overreliance on nonelectronic
health record documentation methods, such as noncoded text
notes, has been shown in the past studies of health data [23]. In
this evaluation, there were major concerns that adequate
implementation of P-CIMS would ultimately slow down clinical
productivity (inner setting: readiness for implementation).
Participants suggested that having a coordinator may circumvent
time barriers but perceived that their departments did not have
the resources to hire someone to fulfill this role (outer setting:
needs and resources for patients with cirrhosis). However,

participants (clinical staff) felt that the tool was useful and that
they could use it outside their clinic.

The lack of resources to hire a coordinator was because of the
lack of buy-in from leadership in their settings for use of clinical
tools such as P-CIMS (Inner Setting: Readiness for
Implementation). Providers at 2 locations reported that cirrhosis
management was not currently a priority for their leadership,
and the importance of cirrhosis was secondary to other
competing priorities. Health systems have historically
established chronic disease priorities based on the overall
prevalence of chronic conditions across patients [24]. The
apparent lack of leadership support indicates that health
informatics tools such as P-CIMS may be more successfully
implemented if they are prioritized and championed in the inner
clinic setting, or if their importance for patient outcomes is
emphasized to leadership.

A second version of the web-based tracking system, based on
feedback from this formative evaluation, is under development.
In part, this revised version is under development because
preliminary results show that the first version of P-CIMS
successfully facilitated linkage to liver clinic specialty care for
approximately 30% of patients identified as possibly needing
care and who were not already being seen in the clinic [13]. The
second version will include key upgrades to P-CIMS, including
features that facilitate identification and linkage to care of
patients living with cirrhosis, as well as improvements in
usability. To facilitate these improvements, data will first be
pulled from a national EMR instead of a local VHA EMR. This
will facilitate the spread of P-CIMS across VHAs nationally.
Second, patient identification can be improved to facilitate
linkage and retention in care. The new version will identify
patients within 30 days of an inpatient diagnosis of cirrhosis,
thus increasing the likelihood that liver clinic providers will
follow up and retain these patients in care. This version will
also identify patients with no formal diagnosis of cirrhosis in
the national EMR data, but those with International
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Classification of Diseases, Tenth Revision codes for
complications of cirrhosis. These more strategic identification
methods are another step in the process of linking patients, who
might not otherwise be referred, with specialty care. The final
change to patient identification will be to include patients with
current or past evidence of positive HCV RNA at any point in
VHA care (instead of a recent positive HCV RNA) with
fibrosis-4 score >3.25. This will enable providers to monitor
hepatocellular carcinoma surveillance of patients who have
attained virological cure from direct-acting antiviral treatments.
Finally, the user interface will be streamlined to decrease the
cognitive load of the end user, streamlining multiple tabs into
fewer tabs while providing the necessary information to make
clinical decisions. Changes to the second version address several
limitations of the initial version. Developers and implementers
of similar systems should consider these changes, particularly
using a streamlined interface for a busy clinic, for future work
in the management of chronic diseases such as cirrhosis.

Limitations
Although we believe this study is a valuable contribution to the
literature examining the implementation of web-based health
informatics tools, we do want to address some limitations. First,
the study sample size was smaller than that recommended by
some standards for formative research evaluations [20];
however, we followed best practices outlined for human factors
when evaluating informatics tools [15,25,26]. We also reached
thematic saturation related to the identification of the key factors
impacting P-CIMS implementation [27]. Within these
parameters, our sample size was appropriate, given that the
purpose of this study was to identify factors that impacted
P-CIMS implementation among a purposive sample of providers
of cirrhosis and liver care.

A second limitation was that the provider and care team
interviewees in the current sample may have been biased in
their perception of P-CIMS as a tool. In the preimplementation
phase, sites were chosen based on their perceived ability to
implement a cirrhosis management tool. Key characteristics of
successful site candidates included established relationships
with potential liver clinic champions in the inner setting and
external factors that facilitated the implementation of such tools.
Furthermore, only 20% (2/10) of the primary care providers
were included in the sample. Their perspectives may not have
been representative of all VHA primary care providers serving
patients with cirrhosis. Barriers and facilitators of
implementation may differ in sites without these facilitators.
Therefore, these findings may have limited generalizability to
both other VA settings and non-VA settings, since data were

collected from only 3-VA facilities. These results may also not
be generalizable to health care settings that do not have the
benefit of a national integrated system of data from EMRs.

Finally, we understand that there is a small likelihood that
adverse events may occur with the use of P-CIMS, but our
findings from this and the larger evaluation do not indicate that
the risk of using the tool is higher than the risks associated with
current clinical practices used to track and manage patients with
cirrhosis. As reflected in the extant literature, many probable
cirrhosis cases are not diagnosed with cirrhosis or seen in
specialty liver care. P-CIMS streamlined patient identification
and created pathways to improve the coordination and continuity
of care [13].

Impact
P-CIMS is the first informatics tool to leverage EMR data to
improve the quality of care for patients with cirrhosis. This tool
can be used to inform the design of other clinical informatics
tools for a variety of chronic disease conditions that require
close tracking and management. However, as is apparent from
our qualitative analyses, tools need to be adapted to meet the
needs of understaffed clinics or clinics with high workloads.
Furthermore, these findings should be used to translate the
implementation of health informatics tools for tracking and
monitoring chronic diseases in different settings, using tailored
implementation strategies as necessary. For instance, future
implementation studies could use implementation frameworks
such as CFIR, the capability, opportunity, and motivation model,
and the behavior change wheel to both: (1) assess major barriers
within specific settings, and (2) map these barriers to
implementation strategies [28].

Conclusions
In future studies, patients living with chronic diseases such as
cirrhosis should be engaged as key stakeholders during the
implementation phase of a novel health informatics tool. It is
important to elicit feedback on how health informatics tools can
either facilitate or hinder chronic disease management. In this
study, lack of resources, lack of support, and competing interests
were found to be major barriers to the implementation of this
informatics tool. Although these barriers may also be found in
other settings, it is important to use implementation frameworks
to conduct formative evaluations and adapt strategies that would
best translate in those settings. The key element of a formative
evaluation in this context is that it enables users’ perceptions
of the innovation, in the context of their clinical practices, to
be incorporated into the design of a successful, sustainable
solution to practice problems.

 

Acknowledgments
This study was supported by the Department of Veterans Affairs (VA) QUERI Program (QUE 15-284), VA HIV, Hepatitis C,
and Related Conditions Program, and VA National Center for Patient Safety. This work was also supported in part by the Veterans
Health Administration Center for Innovations in Quality, Effectiveness and Safety (CIN 13-413): Michael E DeBakey VA Medical
Center, Houston Texas, and the Center for Gastrointestinal Development, Infection, and Injury (NIDDK P30 DK 56338). The
views expressed in this study are those of the authors and do not necessarily reflect the position or policy of the Department of
Veterans Affairs or of the United States government.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27748 | p.244https://formative.jmir.org/2021/11/e27748
(page number not for citation purposes)

Javier et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Authors' Contributions
SJJ wrote the manuscript with support from AMM, DLS, JW, JC, and LAM. LAM and JW conducted the qualitative analyses.
FK, AMM, and DLS established the partnerships. LAM and JW conducted the interviews.

Conflicts of Interest
None declared.

References
1. Chronic liver disease and cirrhosis. FastStats CDC. URL: https://www.cdc.gov/nchs/fastats/liver-disease.htm [accessed

2021-10-01]
2. About underlying cause of death, 1999-2019. Centers for Disease Control and Prevention. URL: http://wonder.cdc.gov/

ucd-icd10.html [accessed 2021-10-01]
3. Brewster C. Alcoholic cirrhosis imposes financial burden on US healthcare. HCP Live. 2018. URL: https://www.hcplive.com/

view/alcoholic-cirrhosis-imposes-financial-burden-on-us-healthcare [accessed 2021-10-01]
4. Kanwal F, Tapper EB, Ho C, Asrani SK, Ovchinsky N, Poterucha J, et al. Development of quality measures in cirrhosis

by the Practice Metrics Committee of the American Association for the study of liver diseases. Hepatology 2019
Apr;69(4):1787-1797. [doi: 10.1002/hep.30489] [Medline: 30586188]

5. Mellinger JL, Volk ML. Multidisciplinary management of patients with cirrhosis: a need for care coordination. Clin
Gastroenterol Hepatol 2013 Mar;11(3):217-223 [FREE Full text] [doi: 10.1016/j.cgh.2012.10.040] [Medline: 23142204]

6. Kanwal F, Volk M, Singal A, Angeli P, Talwalkar J. Improving quality of health care for patients with cirrhosis.
Gastroenterology 2014 Dec;147(6):1204-1207. [doi: 10.1053/j.gastro.2014.10.029] [Medline: 25449026]

7. Armstrong W, Del Rio C. Patient tracking as a tool to improve retention in care: is the juice worth the squeeze? Clin Infect
Dis 2017 Jun 01;64(11):1555-1556. [doi: 10.1093/cid/cix196] [Medline: 28329039]

8. Haroon S, Adab P, Riley RD, Fitzmaurice D, Jordan RE. Predicting risk of undiagnosed COPD: development and validation
of the TargetCOPD score. Eur Respir J 2017 Jun;49(6):1602191 [FREE Full text] [doi: 10.1183/13993003.02191-2016]
[Medline: 28642308]

9. Taddei TH, Hunnibell L, DeLorenzo A, Rosa M, Connery D, Vogel D, et al. EMR-linked cancer tracker facilitates lung
and liver cancer care. J Clin Oncol 2012 Dec 01;30(34):77. [doi: 10.1200/jco.2012.30.34_suppl.77]

10. Kruse CS, Beane A. Health information technology continues to show positive effect on medical outcomes: systematic
review. J Med Internet Res 2018 Feb 05;20(2):e41 [FREE Full text] [doi: 10.2196/jmir.8793] [Medline: 29402759]

11. Kvedar J, Fogel A. Why real-world results are so challenging for digital health. NEJM Group. 2017. URL: https://catalyst.
nejm.org/doi/full/10.1056/CAT.17.0453 [accessed 2021-10-01]

12. Workflow tool examples. Agency for Healthcare Research and Quality. URL: https://healthit.ahrq.gov/
health-it-tools-and-resources/evaluation-resources/workflow-assessment-health-it-toolkit/examples [accessed 2021-10-01]

13. Kanwal F, Mapaskhi S, Smith D, Taddei T, Hussain K, Madu S, et al. Implementation of a population-based cirrhosis
identification and management system. Clin Gastroenterol Hepatol 2018 Aug;16(8):1182-6.e2 [FREE Full text] [doi:
10.1016/j.cgh.2018.01.041] [Medline: 29803805]

14. Kramer J, Davila J, Miller E, Richardson P, Giordano T, El-Serag H. The validity of viral hepatitis and chronic liver disease
diagnoses in Veterans Affairs administrative databases. Aliment Pharmacol Ther 2008 Feb 01;27(3):274-282 [FREE Full
text] [doi: 10.1111/j.1365-2036.2007.03572.x] [Medline: 17996017]

15. Turner CW, Lewis JR, Nielsen J. Determining usability test sample size internet. In: International Encyclopedia of Ergonomics
and Human Factors. Boca Raton: CRC Press; 2006.

16. Hennink MM, Kaiser BN, Marconi VC. Code saturation versus meaning saturation: how many interviews are enough?
Qual Health Res 2017 Mar;27(4):591-608. [doi: 10.1177/1049732316665344] [Medline: 27670770]

17. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. Fostering implementation of health services
research findings into practice: a consolidated framework for advancing implementation science. Implement Sci 2009 Aug
07;4:50 [FREE Full text] [doi: 10.1186/1748-5908-4-50] [Medline: 19664226]

18. Fonteyn ME, Vettese M, Lancaster DR, Bauer-Wu S. Developing a codebook to guide content analysis of expressive writing
transcripts. Appl Nurs Res 2008 Aug;21(3):165-168. [doi: 10.1016/j.apnr.2006.08.005] [Medline: 18684411]

19. Chenail R. Interviewing the investigator: strategies for addressing instrumentation and researcher bias concerns in qualitative
research. Qual Report 2011;16(1):255-262 [FREE Full text] [doi: 10.46743/2160-3715/2011.1051]

20. Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K. Purposeful sampling for qualitative data collection
and analysis in mixed method implementation research. Adm Policy Ment Health 2015 Sep;42(5):533-544 [FREE Full
text] [doi: 10.1007/s10488-013-0528-y] [Medline: 24193818]

21. Denzin N. The Research Act: A Theoretical Introduction to Sociological Methods. Oxfordshire: Routledge; 2017.
22. Arndt BG, Beasley JW, Watkinson MD, Temte JL, Tuan W, Sinsky CA, et al. Tethered to the EHR: primary care physician

workload assessment using EHR event log data and time-motion observations. Ann Fam Med 2017 Sep;15(5):419-426
[FREE Full text] [doi: 10.1370/afm.2121] [Medline: 28893811]

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27748 | p.245https://formative.jmir.org/2021/11/e27748
(page number not for citation purposes)

Javier et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.cdc.gov/nchs/fastats/liver-disease.htm
http://wonder.cdc.gov/ucd-icd10.html
http://wonder.cdc.gov/ucd-icd10.html
https://www.hcplive.com/view/alcoholic-cirrhosis-imposes-financial-burden-on-us-healthcare
https://www.hcplive.com/view/alcoholic-cirrhosis-imposes-financial-burden-on-us-healthcare
http://dx.doi.org/10.1002/hep.30489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30586188&dopt=Abstract
http://europepmc.org/abstract/MED/23142204
http://dx.doi.org/10.1016/j.cgh.2012.10.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23142204&dopt=Abstract
http://dx.doi.org/10.1053/j.gastro.2014.10.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25449026&dopt=Abstract
http://dx.doi.org/10.1093/cid/cix196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28329039&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=28642308
http://dx.doi.org/10.1183/13993003.02191-2016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28642308&dopt=Abstract
http://dx.doi.org/10.1200/jco.2012.30.34_suppl.77
https://www.jmir.org/2018/2/e41/
http://dx.doi.org/10.2196/jmir.8793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29402759&dopt=Abstract
https://catalyst.nejm.org/doi/full/10.1056/CAT.17.0453
https://catalyst.nejm.org/doi/full/10.1056/CAT.17.0453
https://healthit.ahrq.gov/health-it-tools-and-resources/evaluation-resources/workflow-assessment-health-it-toolkit/examples
https://healthit.ahrq.gov/health-it-tools-and-resources/evaluation-resources/workflow-assessment-health-it-toolkit/examples
http://europepmc.org/abstract/MED/29803805
http://dx.doi.org/10.1016/j.cgh.2018.01.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29803805&dopt=Abstract
https://doi.org/10.1111/j.1365-2036.2007.03572.x
https://doi.org/10.1111/j.1365-2036.2007.03572.x
http://dx.doi.org/10.1111/j.1365-2036.2007.03572.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17996017&dopt=Abstract
http://dx.doi.org/10.1177/1049732316665344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27670770&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-4-50
http://dx.doi.org/10.1186/1748-5908-4-50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19664226&dopt=Abstract
http://dx.doi.org/10.1016/j.apnr.2006.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18684411&dopt=Abstract
http://www.nova.edu/ssss/QR/QR16-1/interviewing.pdf
http://dx.doi.org/10.46743/2160-3715/2011.1051
http://europepmc.org/abstract/MED/24193818
http://europepmc.org/abstract/MED/24193818
http://dx.doi.org/10.1007/s10488-013-0528-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24193818&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=28893811
http://dx.doi.org/10.1370/afm.2121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28893811&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Bayley K, Belnap T, Savitz L, Masica A, Shah N, Fleming N. Challenges in using electronic health record data for CER:
experience of 4 learning organizations and solutions applied. Med Care 2013 Aug;51(8 Suppl 3):S80-S86. [doi:
10.1097/MLR.0b013e31829b1d48] [Medline: 23774512]

24. Norheim OF, Baltussen R, Johri M, Chisholm D, Nord E, Brock D, et al. Guidance on priority setting in health care
(GPS-Health): the inclusion of equity criteria not captured by cost-effectiveness analysis. Cost Eff Resour Alloc 2014 Aug
29;12:18 [FREE Full text] [doi: 10.1186/1478-7547-12-18] [Medline: 25246855]

25. Faulkner L. Beyond the five-user assumption: benefits of increased sample sizes in usability testing. Behav Res Methods
Instrum Comput 2003 Aug;35(3):379-383. [doi: 10.3758/bf03195514] [Medline: 14587545]

26. Aiyegbusi OL. Key methodological considerations for usability testing of electronic patient-reported outcome (ePRO)
systems. Qual Life Res 2020 Feb;29(2):325-333 [FREE Full text] [doi: 10.1007/s11136-019-02329-z] [Medline: 31691202]

27. Glaser B, Strauss A. Discovery of Grounded Theory: Strategies for Qualitative Research. New Jersey: Aldine Transaction;
2009.

28. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour
change interventions. Implement Sci 2011 Apr 23;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]

Abbreviations
CCTS: Cancer Care Tracking System
CFIR: Consolidated Framework for Implementation Research
EMR: electronic medical record
HCV: hepatitis C virus
P-CIMS: Population-based Cirrhosis Identification and Management System
VA: Department of Veterans Affairs
VHA: Veterans Health Administration

Edited by G Eysenbach; submitted 08.02.21; peer-reviewed by SM Ayyoubzadeh, X He, Y Chu, S Rostam Niakan Kalhori ; comments
to author 29.03.21; revised version received 23.07.21; accepted 18.09.21; published 09.11.21.

Please cite as:
Javier SJ, Wu J, Smith DL, Kanwal F, Martin LA, Clark J, Midboe AM
A Web-Based, Population-Based Cirrhosis Identification and Management System for Improving Cirrhosis Care: Qualitative Formative
Evaluation
JMIR Form Res 2021;5(11):e27748
URL: https://formative.jmir.org/2021/11/e27748 
doi:10.2196/27748
PMID:34751653

©Sarah J Javier, Justina Wu, Donna L Smith, Fasiha Kanwal, Lindsey A Martin, Jack Clark, Amanda M Midboe. Originally
published in JMIR Formative Research (https://formative.jmir.org), 09.11.2021. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is
properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well
as this copyright and license information must be included.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e27748 | p.246https://formative.jmir.org/2021/11/e27748
(page number not for citation purposes)

Javier et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1097/MLR.0b013e31829b1d48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23774512&dopt=Abstract
https://resource-allocation.biomedcentral.com/articles/10.1186/1478-7547-12-18
http://dx.doi.org/10.1186/1478-7547-12-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25246855&dopt=Abstract
http://dx.doi.org/10.3758/bf03195514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14587545&dopt=Abstract
http://europepmc.org/abstract/MED/31691202
http://dx.doi.org/10.1007/s11136-019-02329-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31691202&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
https://formative.jmir.org/2021/11/e27748
http://dx.doi.org/10.2196/27748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34751653&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Validation of a Mobile Health Technology Platform (FeverTracker)
for Malaria Surveillance in India: Development and Usability Study

Ipsita Pal Bhowmick1*, PhD; Dibyajyoti Chutia2*, PhD; Avinash Chouhan2, MTech; Nilay Nishant2, MTech; P L N

Raju2, MTech; Kanwar Narain1, PhD; Harpreet Kaur3, PhD; Rocky Pebam2, PhD; Jayanta Debnath1, BSc; Rabindra

Tripura1, MSc; Kongkona Gogoi1, MCA; Suman Ch Nag1, BSc; Aatreyee Nath2, MSc; Debabrata Tripathy1, PhD;

Jotish Debbarma1, BMLT; Nirapada Das1, BMLT; Ujjwal Sarkar1, MSc; Rislyn Debbarma1, MSc; Rajashree Roy1,

MSc; Bishal Debnath1, BA, BEd; Dipanjan Dasgupta1, DMLT; Suraj Debbarma1, HSC; Kamal Joy Tripura1, BA;

Guneram Reang1, BA; Amit Sharma4,5, BSc, PhD; Manju Rahi3, MBBS, MD; Jyoti Chhibber-Goel5, PhD
1Regional Medical Research Centre-Northeastern Region, Indian Council of Medical Research, Dibrugarh, India
2North Eastern Space Applications Centre, Umaim, India
3Indian Council of Medical Research, Delhi, India
4National Institute of Malaria Research, Indian Council of Medical Research, Dwarka, Delhi, India
5International Centre for Genetic Engineering and Biotechnology, New Delhi, India
*these authors contributed equally

Corresponding Author:
Jyoti Chhibber-Goel, PhD
International Centre for Genetic Engineering and Biotechnology
Vasant Kunj
New Delhi, 110067
India
Phone: 91 011 26741358 ext 170
Email: jyotichhibbergoel@gmail.com

Abstract

Background: A surveillance system is the foundation for disease prevention and control. Malaria surveillance is crucial for
tracking regional and temporal patterns in disease incidence, assisting in recorded details, timely reporting, and frequency of
analysis.

Objective: In this study, we aim to develop an integrated surveillance graphical app called FeverTracker, which has been
designed to assist the community and health care workers in digital surveillance and thereby contribute toward malaria control
and elimination.

Methods: FeverTracker uses a geographic information system and is linked to a web app with automated data digitization, SMS
text messaging, and advisory instructions, thereby allowing immediate notification of individual cases to district and state health
authorities in real time.

Results: The use of FeverTracker for malaria surveillance is evident, given the archaic paper-based surveillance tools used
currently. The use of the app in 19 tribal villages of the Dhalai district in Tripura, India, assisted in the surveillance of 1880
suspected malaria patients and confirmed malaria infection in 93.4% (114/122; Plasmodium falciparum), 4.9% (6/122; P vivax),
and 1.6% (2/122; P falciparum/P vivax mixed infection) of cases. Digital tools such as FeverTracker will be critical in integrating
disease surveillance, and they offer instant data digitization for downstream processing.

Conclusions: The use of this technology in health care and research will strengthen the ongoing efforts to eliminate malaria.
Moreover, FeverTracker provides a modifiable template for deployment in other disease systems.

(JMIR Form Res 2021;5(11):e28951)   doi:10.2196/28951
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Introduction

Background
Surveillance is defined as “the continuous and systematic
collection, analysis, and interpretation of disease-specific data,
and the use of that data in the planning, implementation, and
evaluation of public health practice” [1]. Surveillance of malaria
cases assists the health ministry to (1) calculate disease burden,
(2) monitor changing disease patterns, (3) design effective health
interventions, and (4) evaluate the impact of malaria control
programs, thereby curtailing transmission [2]. Nationally
coordinated strategies intensify control efforts directed toward
populations with the highest disease transmission by means of
targeted intervention [2,3]. Nations with weak surveillance
systems fail to assess disease trends and plan interventions,
thereby resulting in continued transmission of malaria. The
2016-2030 Global Technological Strategy for Malaria of the
World Health Organization (WHO) encourages national malaria
surveillance programs to accelerate progress from malaria
control to elimination [4,5]. Surveillance systems comprise the
community, health workers, tools, and structures required to
generate, analyze, and interpret data. Subsequently,
decision-makers use the data for planning and targeting
interventions. A combination of effective activities such as
passive case detection (PCD; ie, febrile patients reach out to
health facilities and get diagnosed) and active case detection
(ACD; ie, patients with malaria are detected by health workers
through active search in the community) are used by the
surveillance systems [6]. Health care workers engage in malaria
surveillance via ACD and PCD at all levels of the health system
and communicate data from the field to the district and state
health levels. This is the usual channel of data communication
deployed in malaria-endemic regions for malaria control and
elimination.

Despite established surveillance strategies, malaria-monitoring
technologies (eg, rapid diagnostic tests [RDT], data capture on
parasites and vector drug or insecticide resistance, and disease
transmission markers) in many countries remain insufficient to
support targets of malaria elimination [7-9]. The National Vector
Borne Disease Control Programme (NVBDCP) of India is the
largest surveillance network in the world [2]. Despite a
well-defined active and passive surveillance system and a
decreasing trend in malaria cases, gross discrepancies between
reported malaria incidence in India, and the estimated malaria
cases in the WHO published World Malaria Report have been
noted [10,11]. A recent study estimated malaria incidence to be
four-fold greater than one million reported by the NVBDCP
but three-fold less than 13 million estimated by the WHO,
whereas the estimated deaths were 93-fold more than the average
313 deaths reported by the national malaria program in
2015-2016 [12]. NVBDCP surveillance misses malaria cases
diagnosed and treated by private and other health sectors; for
instance, those operating in remote areas must be captured to
determine the true malaria burden [13]. In addition to the
significant gap between the reported and estimated malaria cases
and deaths, in a country with approximately 1.3 billion people,
delayed communication of the data from the grassroots-level
health workers (especially in remote areas) to the district and

further up to the state level results in the lack of prompt data
compilation and analysis and hence timely and appropriate
mitigation action. The challenge lies in the switch from
aggregated, paper-based reporting systems to near real-time,
case-based electronic systems [14]. Furthermore, malaria
transmission is not homogenously distributed either
geographically or within populations. The WHO emphasizes
the need to identify malaria transmission foci and hotspots
within endemic regions [1]. Failure to identify hotspots would
result in sustained residual malaria transmission, thus
undermining malaria control programs.

Objectives
The use of digital technology via the implementation of
smartphone surveillance apps by the community for
self-reporting and setting up digital information and contact
chains at all levels of health care would be beneficial for
effective malaria surveillance [1,13,14]. This avenue is equally
applicable in urban and rural areas.

The worldwide smartphone internet traffic accounts for
approximately 51% of the total global web-based traffic, wherein
smartphone-based internet use is often a major way to access
information worldwide [15]. Furthermore, mobile devices
(excluding tablets) account for approximately 80% of the total
internet traffic in India, with approximately 448 million
smartphone users as of December 2020 [15]. Here, we report
the establishment of a new smartphone mobile health app called
FeverTracker. The app connects the information provided by
the user to the nearest health care center, thereby allowing the
health care staff to reach symptomatic patients and perform
malaria RDT and slides as required. Validation of the app in 19
malaria-endemic tribal villages situated in remote, forested hilly
regions in Dhalai district of Tripura state for a period of 20
months was performed. The app use resulted in a shortening of
time between the collection of data and its reporting by a month.
The app has served to monitor malaria in an integrated fashion,
giving an all-in-one tool to the 19 health care workers involved
in malaria surveillance. To date, the app has been used to screen
1880 suspected patients and was able to detect 122 malaria cases
(114/122, 93.4% Plasmodium falciparum; 6/122, 4.9% P vivax;
and 2/122, 1.6% P falciparum/P vivax mixed infection cases).
The use of the FeverTracker app aims to strengthen malaria
surveillance and provide instant digitization of epidemiological
data.

Methods

App Development
FeverTracker is based on the concept of a progressive web app
using the Ionic (Drifty) and Cordova (developed by Joe Bowser,
Michael Brooks and Team) platforms. The app can capture
ground information on malaria incidents attributed to geographic
positional information, geotagged photos, and other relevant
data as per the prescribed format. FeverTracker supports
multilingual data to cater to local requirements and inclusive
use. Detailed symptom information and use cases are included
in the app. Advisory regarding drug dose information based on
user symptoms is also included. The app currently supports
Android OS 4.4 (Google) or higher. A hypertext preprocessor
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(PHP; developed by Rasmus Lerdorf) webserver was used to
deploy the app, and this app works on client-server architecture
where in the backend, PHP and MySQL servers (Oracle
Corporation) are used. The app also works in an offline mode,
where the SQLite database (developed by D Richard Hipp) is
used for record management. All communication between the
mobile app and the backend server is secured using HTTP secure
(European Organization for Nuclear Research). The mobile app
is interlinked with an interactive web portal for data
visualization, summaries, and data downloads. The app adheres
to privacy laws and policies while seeking permission to access
location and permission to use text messages, mobile data, and
local storage. In addition to automated data capture,
FeverTracker is linked to SMS text messaging and an advisory
instruction system to notify the district or state response center
according to national guidelines.

Portal Development
The FeverTracker portal is built on top of an open-source stack
and comprises major functionalities such as on-the-fly analytics,
integration with mobile apps, visualization of rich and interactive
geographic information system (GIS) maps, information box,
print maps with statistics, and data updates. The app comprises
a 3-tier architecture: (1) database, (2) GIS server, and (3) web
client mapping. The architectural design follows a
service-oriented architecture, where tier 1 consists of a database
layer hosting Postgres (developed by Michael Stonebraker and
team) or the MySQL database, wherein all the location
information along with attributes are stored. In tier 2, the GIS
server in use is geo-server, and the reporting tool used is map
fish print (OSGeo project). The geospatial data are served via
a geo-server and follow the open geospatial consortium
standards, where the data serve as web mapping services as well
as web feature services. The client side uses leaflet (developed
by Vladimir Agafonkin) as a map display tool and D3js-based
customization (developed by Mike Bostock, Jason Davies,
Jeffrey Heer, and Vadim Ogievetsky) for querying across the
parameters. The apps are deployed with a leaflet in the frontend
and backend as PHP.

Deployment of the App
The app was deployed in 19 villages of the Dhalai district of
the state of Tripura in India, involving 19 health care workers
that included 2 multipurpose workers (MPWs) posted at
Gurudhan and Shikaribari subcenters and 3 Accredited Social
Health Activists (ASHAs) who oversee 6 villages under these
subcenters. In addition, 14 village volunteers designated for
malaria surveillance in these 19 villages trained jointly by state
and project were recruited for the deployment of the app. Fever

surveillance in the community (ACD) or cases reported at
subcenters (PCD) as well as seasonal mass surveillance
undertaken by the state in the area was performed using the app.
The health care workers using the app were given mobile
handsets and power banks as backups because of frequent power
cuts in these remote villages. A demonstration and hands-on
training were provided to all app users.

Survey for App Users
A survey using Google Forms was conducted among the 19
health care workers using the app for suspected malaria patient
surveillance. The survey questions were in 2 local languages
(1) Bengali and (2) Kokborok. The answers were translated into
English.

Preparation of Ecological Maps
The land use land cover mapping was prepared using the
orthorectified Indian remote sensing satellite data, Cartosat-1
(2.5 m) and Linear Imaging Self Scanning Sensor–IV (5.8 m).
On-screen visual interpretation techniques were used on a GIS
platform. Major land use and land cover categories along with
subcategories were delineated and updated using the latest data
(2019) on the spatial layer. The spatial layer was prepared under
National Remote Sensing Centre/Indian Space Research
Organization’s space-based information support for
decentralized planning at the panchayat level. Mapping was
performed at 1:10,000 scales. The geolocations obtained from
the FeverTracker app from villages screened under the Gurudhan
and Shikaribari subcenters of Ambassa and Ganganagar were
plotted on these ecological maps.

Results

Multifaceted Surveillance
The registered health care workers involved in door-to-door
screening (ACD protocol) for malaria surveillance can use this
app (Figure 1A). The app allows health care workers to register
via their phone number and create a unique ID for future log-ins
(Figure 1B). The list of health care workers involved is as
follows: ASHAs, auxiliary nurse midwife, MPWs, community
health officers at the field level and village volunteers,
laboratory technicians, and medical officers engaged in testing
and interpreting the results (Figure 1C). Notably, the app has
the provision for private practitioners, laboratories,
pharmaceuticals, and security forces to enter the data. The
different levels of data collection and transmission will work
for fever screening in the villages and at the subcenter, primary
health centers, block level, district hospitals, or clinics (Figure
1D).
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Figure 1. The log-in and registration page of the FeverTracker mobile health app. The community (A) log-in page and (B) registration page with
required contact details, symptoms, travel history, and physician visit is shown. (C-F) The app allows the health care workers to log-in and register with
their credentials and register, allowing them to perform surveillance at the grassroots level. Names of the persons and the villages have been removed
to retain privacy.

In addition, the app has provision for the participation of
community via self-assessment and then to report malaria
symptoms to health care workers, which will facilitate prompt
health seeking and thus improve surveillance and malaria
control. FeverTracker has features to assist the community in
understanding their fever-related symptoms and to report them
to health authorities [3]. This will supplement PCD with people
self-reporting through the app and hence enhance surveillance
with the help of at-risk communities. The app allows the patients
screened for malaria via the private sector to be added as well
as tracked for the accuracy of their treatment regimen,
adherence, and compliance to the malaria drugs. In case of
nonmalarial diseases, the individuals can be tested for other
febrile illnesses. Further, based on their symptoms clustering,
the outbreak of different diseases can be assessed and predicted.

FeverTracker allows users to enter their details and register via
cell phone numbers that are stored in the health center database
in a systematic and traceable format (Figure 1E and F). The app
further connects the information provided by the user to the
nearest malaria surveillance center. On receiving the information
on a suspected malaria case in their surveillance region, health
care workers can take appropriate action, for example, perform
rapid diagnostics and slide microscopy to confirm malaria
infection. In the case of a positive test result, health care workers
are notified, and malaria treatment is provided. This key feature
is further discussed and elaborated in later sections. In addition,
if the user has been tested and treated, the app allows the user
to report these details along with the complete course of
treatment.
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Thus, the app allows both the community and health care
workers to integrate in ACD and PCD fever surveillance. Each
can enlist their address and details, including name, age, address,
phone number, and upload a photograph (optional; Figure
2A-C). The details of the household members filled under the
personal and address detail columns are shown in Figure 2D.
At the time of data collection, information on the symptoms of
the patients is entered by the health care workers or by the
community when self-reporting (Figure 3A). In addition, if
multiple individuals from a single household were tested, the

details of each household member are entered (Figure 3B) along
with the location of the testing center or place (Figure 3C). To
ensure that this process is smooth, accurate, and not tedious for
health care workers, pictorial options are provided to select a
wide range of symptoms in malaria and other vector-borne
diseases, as well as the RDT result outcome (Figure 3A and D)
and the treatment regime to be followed by the patients who
test positive for malaria according to the national guidelines
(Figure 3E).

Figure 2. Data collection by health care workers using FeverTracker. (A-C) The contact details of the individual being surveyed or in case of a
self-reported case are entered or verified by the health care workers. (D) The information on multiple family members of a single household is displayed
on the app for the ease of health care workers during data collection and sampling. Names of the persons and the villages have been removed to retain
privacy.
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Figure 3. The key features of the surveillance performed using the FeverTracker. (A) The health care workers and community members, on registration,
can choose the disease symptoms. The testing details including (B) the name of the individual being tested, (C) the location of the test, (D) the test
results, and (E) the medicine prescribed are shown. The app includes geolocation information to assist health authorities in data visualization. Names
of the persons and the villages have been removed to retain privacy.

Offline Data Capture and Geomapping
For effective surveillance in remote parts of India with limited
or no access to the mobile network, the FeverTracker app is
functional offline. The app provides an offline data entry feature,
wherein data remain stored on the device and are uploaded to
the server when the network is available. Each data entry on

FeverTracker includes geolocation information (Figure 3F).
Geomapping assists health authorities in visualizing district and
state-wide data to locate malaria clusters and regions that require
urgent attention. Furthermore, records of individuals who
previously tested positive for malaria are available to state health
officials to help assist and track the travel history of malaria
cases across states within the country. Currently, the app is
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operational in 19 tribal villages in the Dhalai district of the state
of Tripura, India.

Real-Time Data Capture and Coordinated Digitization
of Surveillance
Digitization of data is an important and indispensable tool for
surveillance programs to manage, visualize, and analyze data
collected for any disease. The data capture constitutes multiple
steps and involves health care workers from different strata,
such as (1) a data entry operator or data manager who can enter
the data obtained from the health workers, (2) data from primary
health care centers that are sent to block level and then collated
for district-level compilation and analysis, and (3) reports
compiled or generated are sent from the districts to the state
surveillance teams. The data generated via the above
surveillance are the basis for the implementation of policies,
strategies, and operational activities. Incomplete data or delays
in data communication prolong malaria control action. In this
scenario, our app allows the community to participate in malaria
surveillance at the grassroots level. Health care workers receive
an update on the information input by the community, which
allows them to focus on individuals and areas requiring
immediate attention. At the time of submission of the data
collected via the FeverTracker app, the following information
is available to the health authorities for further action: (1)

symptoms; (2) surveillance mode (ACD, PCD, or mass
surveillance); (3) blood smear details; (4) duration of symptoms;
(5) RDT test results, if any; and (6) medicine prescribed (Figure
4A). The surveillance team can edit and visualize the data on
their mobile apps and on the web application dashboard (Figure
4B). After verification, the data entered into the app are
communicated via an SMS text message to the concerned health
care personnel and authorities. These data include test results
with patient details and treatment status, thus allowing quick
communication. The data from the FeverTracker main system
are automatically digitized and made available via data sheets
that can be used by the concerned district and state health
workers and officials. Figure 4B shows the image of the data
sheet with a patient entry highlighted along with the
corresponding SMS text message and image of the patient with
a date and time stamp to demonstrate the accuracy and
usefulness of the app. The uploaded data can also be monitored
by health officials via a web application platform in real time,
allowing them to filter the data based on the set criteria for
further analysis of malaria hotspots. In brief, the data input by
the community and the data captured by health care workers
are digitized in near real time and linked to the health centers
via the SMS text message and advisory instructions system to
notify the district or state response center.
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Figure 4. The deployment of the FeverTracker. (A) The malaria surveillance data collected as visualized within the app is shown. (B) The data
transmitted and stored in the server for visualization are shown. The data are digitized via the web platform in a presentable format with patient details,
rapid diagnostic test results, symptoms, and drugs prescribed along with geolocations. The screenshot of the SMS text message received by the health
care worker on verification of data is shown. One patient data entry is highlighted in the data spreadsheet along with the corresponding SMS text message
and the patient image. RDT: rapid diagnostic test.

Backend Data Capture and Display
The mobile app–linked web application is equipped with
analytical and mapping tools based on the data received from
the app. The landing page has the following features for
semiautomated live data streaming: (1) daily confirmed and
cumulative cases spanning the current, recovered, and malaria
deaths across the surveyed regions; (2) a GIS map based on the
data captured via the FeverTracker app to identify high caseload
zones showing malaria clusters and regions; (3) a map showing
the malaria incidence for various districts; and (4) statistical

analysis of the samples tested for malaria along with age- and
gender-wise information. As a proof of concept, the data
collected from the app are shown in Figure 4. The information
for each patient is visible on the app, as shown in Figure 4A.
This information is linked to the web application to be viewed
in an Excel format as raw data (Figure 4B). The additional
feature in the FeverTracker app linking it to the web application
allows it to be equipped with analytical and mapping tools based
on the data received.
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Data Collection on App Use to Understand Users’
Perspective
The app was deployed in 19 malaria-endemic villages under
Gurudhan, Shikaribari, Karnamani, and Maldapara subcenters
of Ambassa and Ganganagar Primary Health Centre in Dhalai
district of Tripura, India, for 20 months. These 19 health care
workers (MPWs, ASHAs, and village volunteers) used the app
to survey and screen a population of 4870 and perform RDT
on 1880 people with fever suspected of malaria. Among these
patients, 122 tested positive for malaria infection (114/122,

93.4% P falciparum monoinfection; 6/122, 4.9% P vivax
monoinfection; and 2/122, 1.6% P falciparum/P vivax mixed
infection cases), and the treatment provided was recorded. As
part of this study, the health care workers involved in testing
the app collated information on the symptoms, testing, treatment
regime, and geolocations of suspected and positive patients with
malaria. Figure 5A shows the geolocations plotted in the
ecological maps of the state of Tripura, India. The area where
the app was deployed was rural and a densely forested region
where malaria surveillance was remotely monitored and tracked
in real time.

Figure 5. Population surveyed and the survey for the health care workers. (A) The geolocations of the suspected malaria cases tested in Gurudhan and
Shikaribari subcenter villages under Ambassa block in the district Dhalai, Tripura, obtained through the FeverTracker app are shown. The surveyed
patient data were plotted in the land cover mapping of Ambassa block that was prepared using the orthorectified Indian remote sensing satellite data,
Cartosat-1 (2.5 m) and Linear Imaging Self Scanning Sensor–IV (5.8 m), using on-screen visual interpretation techniques in the geographic information
system platform. The mapping was done at 1:10,000 scales. The map of the state of Tripura with the district boundaries is shown in the inset. Data on
the malaria cases from the mentioned area as registered via the app are marked (negative cases [blue], Pf [red], Pv [pink], and Pf/Pv [purple]). (B) The
details of the survey conducted are given. The questions asked and the replies from the 19 health care workers obtained with the number of responses
(in bracket) are listed.

To assess the functionality of the app and its preference over a
paper-based system, a survey was conducted among 19 health
care workers using the app via Google Forms in English and 2
local languages (Bengali and Kokborok). The survey showed
that all the users found the app easy to use and learn, with an
average of 2 to 3 minutes per entry, and the users preferred to

continue using the app over the paper-based system (Figure
5B). The MPWs emphasized that SMS text messaging features
of the app are most useful as SMS text messages are received
when an ASHA or a village volunteer reports a malaria patient
during an active surveillance in the village, in addition to the
status of the treatment administered. This prevents delays in the
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actions to be taken by MPWs. Furthermore, the local language
and pictorial options make it easy and lucrative to be used by
the ASHA and village volunteers. During paper-based recording
of malaria cases, the translation of surveillance data from the
local language to English is difficult and often results in delayed
reporting. The additional feature of the village household
database ensures that the data are verified, and no typing or data
entry errors occur during data collection and further processing
from local languages to English.

The health care workers, ASHAs, and village volunteers further
emphasized that the minimal typing feature and the availability
of the app in the local language made it easy and lucrative over
paper-based reporting. Furthermore, the pictorial drug
information in the app ensured an accurate dosage of drugs
administered to the patients. The offline data capture feature of
the app will be useful in remote areas of certain parts of India
with no or poor connectivity. The use of the app has reduced
the time delay from the collection of data to their reporting to
the district or state health care system by over a month owing
to the instantaneous SMS text message delivery system, which
has made all concerned people in health systems aware of any
positive case detection in the study area. The app was useful in
these 19 remote villages with long electricity power cut sessions,
which were overcome by supplying power banks for charging
the mobile handsets.

Discussion

Principal Findings
The FeverTracker app was deployed in 19 malaria-endemic
tribal villages situated in remote, poorly networked, hilly,
forested regions of the state of Tripura in India via health care
workers, ASHAs, and village volunteers. Over a period of 20
months, the use of the app resulted in regular data collection,
shortening the time between data collection and processing by
the health workers by over a month. According to a survey
conducted for app users, FeverTracker was reportedly easy to
use, beneficial for drug guidance, took less time to learn and
use, reduced errors, and helped in village-level line listing with
instant communication to the health system.

Strength and Limitations
The FeverTracker app has been particularly useful for malaria
surveillance during the COVID-19 period with restricted
mobility. The app records a range of fever-related symptoms,
including COVID-19. This allowed the village volunteers and
ASHAs to survey their respected villages, and the data collected
reached the MPWs and district or state health officials without
requiring the physical movement in or out of these villages. At
the core of malaria management is extensive and coordinated
surveillance of the community by health care workers at multiple
levels. Among the challenges faced, limited mobility and
resources along with the high number of target populations for
surveillance compromises coverage and epidemiological data
collection. Thus, the app offers a timely solution to these issues.

The app as a data collection tool, with minimal typing, pictorial,
and automatic digitization features, reduces the time, effort, and
resources that are presently dedicated toward paper-based

collection and digitization. This app also reduces the major
current limitation of the mobility or physical travel of
surveillance teams after the completion of the survey to provide
updated data to the concerned health professionals. As a result,
the entire process of data capture to analysis will be hastened,
thus enabling rapid decision-making on the mitigation steps
needed. FeverTracker has been designed such that it can be used
by both private health care providers and the community to
report malaria treatments undertaken at a private health care
facility. Furthermore, the app will increase health seeking by
the community as they would be self-reporting on suspicion of
symptoms, preventing delays and other inconveniences
associated with seeking the attention of a health care worker by
shortening the channel of communication between the patient
and the malaria health care personnel. These features of the
FeverTracker app allow identifying and tracking of a vast
number of patients outside the radar of malaria surveillance of
the government and add robustness to the collection of
epidemiological parameters required to track the progress of
malaria control and elimination with the help of both the
community and the health workers.

Conclusions
Currently, mobile health apps are being used to assist in
monitoring patients outside hospitals, track vitals, or analyze
medical images for physicians. More recently, the Food and
Drug Administration started to approve health apps and devices
[16]. Furthermore, the COVID-19 pandemic has shown the
world utility of app-based data collection systems that are useful
not only in prompt reporting, and hence data-based decisions,
but also in creating awareness and alertness among communities
[17,18]. In this light, FeverTracker has the potential to provide
holistic support in the management of malaria control. It can
also be used for joint surveillance and control programs of other
eliminable vector-borne diseases, such as visceral leishmaniasis
and lymphatic filariasis, which is desirable for the country at
this juncture [19]. In sum, this app will allow (1) the omission
of paper-based data capture (symptoms, test results, and
medicines prescribed), (2) real-time communication of data to
district and state surveillance teams, (3) pictorial representation
and local language support for ground-level health workers, (4)
offline data capture, (5) geotagging, and (6) link-up with web
application–based dashboards that will allow the health
authorities to locate transmission foci and hotspots. The app
has been specifically designed, so it can be tailored according
to the requirements of the government programs of any state or
country. A gradual switch to app-based malaria surveillance
will improve coverage, case data integration, data analysis, and
epidemiological visualization and will inform malaria control
programs in near real time. This robust FeverTracker app can
be integrated within the health systems at the district, state, or
national level to build a health care system network and can
also be used for tracking acute fever or febrile illness other than
malaria, such as dengue, leptospirosis, influenza, influenza A,
rickettsial infections, Japanese encephalitis, and chikungunya
and other infectious diseases, including COVID-19, while
providing a long-term support to the health care system and
public health research in the country.
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Abstract

Background: Less than 10% of the individuals seeking behavioral health care receive measurement-based care (MBC).
Technology has the potential to implement MBC in a secure and efficient manner. To test this idea, a mobile health (mHealth)
platform was developed with the goal of making MBC easier to deliver by clinicians and more accessible to patients within
integrated behavioral health care. Data from over 3000 users of the mHealth platform were used to develop an output severity
score, a robust screening measure for depression and anxiety.

Objective: The aim of this study is to compare severity scores with scores from validated assessments for depression and anxiety
and scores from clinician review to evaluate the potential added value of this new measure.

Methods: The severity score uses patient-reported and passively collected data related to behavioral health on an mHealth
platform. An artificial intelligence–derived algorithm was developed that condenses behavioral health data into a single, quantifiable
measure for longitudinal tracking of an individual’s depression and anxiety symptoms. Linear regression and Bland-Altman
analyses were used to evaluate the relationships and differences between severity scores and Personal Health Questionnaire-9
(PHQ-9) or Generalized Anxiety Disorder-7 (GAD-7) scores from over 35,000 mHealth platform users. The severity score was
also compared with a review by a panel of expert clinicians for a subset of 250 individuals.

Results: Linear regression results showed a strong correlation between the severity score and PHQ-9 (r=0.74; P<.001) and
GAD-7 (r=0.80; P<.001) changes. A strong positive correlation was also found between the severity score and expert panel
clinical review (r=0.80-0.84; P<.001). However, Bland-Altman analysis and the evaluation of outliers on regression analysis
showed that the severity score was significantly different from the PHQ-9.

Conclusions: Clinicians can reliably use the mHealth severity score as a proxy measure for screening and monitoring behavioral
health symptoms longitudinally. The severity score may identify at-risk individuals who are not identified by the PHQ-9. Further
research is warranted to evaluate the sensitivity and specificity of the severity score.

(JMIR Form Res 2021;5(11):e30313)   doi:10.2196/30313
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Introduction

Integrated Measurement-Based Behavioral Health
Care
Measurement-based care (MBC) can be broadly defined as the
use of continuous monitoring of patient data to inform and, as
needed, redirect clinical care [1]. Behavioral health focuses on
how behaviors impact a person’s health both physically and
mentally. Within the behavioral health field, MBC is considered
an evidence-based practice, which is defined as relying on the
use of data from controlled scientific studies reported in the
published literature to make reasonable and conscientious
decisions about clinical care [2]. As a framework for behavioral
health care, MBC uses validated clinical assessments to measure
symptoms of anxiety and depression before or during a
patient-clinician interaction, and clinicians use these
measurements to guide further clinical interventions [1]. MBC
often occurs during cognitive behavioral therapy (CBT) or other
psychological treatments [1,2]. Despite strong evidence that
MBC improves behavioral health outcomes [1,3-6], less than
20% of behavioral health care providers use MBC [5,6].
Research has shown that barriers to the use of MBC include,
but are not limited to, the costs in both time and resources to
take measurements in addition to concerns about potential
violations of confidentiality with paper and pen measurements
[4,5].

Integrating behavioral health care into primary care has been
proposed as a means of improving access to behavioral health
care and is supported by both the American Association of
Family Physicians and the American Psychiatric Association
[7-10]. Globally, the integrated behavioral health model has
demonstrated success in the United Kingdom with the
web-based Beating the Blues program [11]. The program uses
CBT and has been shown to be evidence-based and
cost-effective in treating anxiety and depression by the primary
care provider [11]. In the integrated behavioral health model,
the primary care clinician screens patients for symptoms of
mental health disorders at every visit and recommends and
prescribes further assessment and treatment as needed, whether
that be with medication, CBT, or other psychological treatments
[9,10]. Patients are followed up by a care manager, and
psychiatrists are available to consult with the primary care
clinician as needed for any case. The integrated behavioral
health model could help address the shortage of behavioral
health care providers and low levels of access to behavioral
health care, as approximately 75% of people in the United States
have a primary care provider [12]. Globally, this percentage
rises to 85% of people with primary care providers [13],
demonstrating the imperative need to use primary care providers
for behavioral health. Integrated behavioral health may also
help address the unequal distribution of behavioral health care
providers, as this model allows for remote screening and
consultations. However, the integrated behavioral health model
is not yet widely used, as only 4.3% of the primary care visits
in 2016 included screening for behavioral health symptoms
[14].

Given such low levels of depression or anxiety screening during
primary care visits, it is perhaps not surprising that data are
limited regarding the use of MBC within integrated behavioral
health care. However, it is known that time, resources, and
confidentiality are obstacles to the use of MBC by behavioral
health providers who typically have 45 minutes with a patient
weekly or biweekly [4,5]. There is also a paucity of data
regarding the amount of time primary care physicians spend
with individual patients. Typically, visits are scheduled every
15 minutes, and data suggest that the average visit may last
17-21 minutes [15,16], although a time-and-motion study
suggests that only 53% of that time (9-11 minutes) is spent
engaging with the patient directly [17]. Although current
validated measures of depression and anxiety—the Personal
Health Questionnaire-9 (PHQ-9) and the Generalized Anxiety
Disorders-7 (GAD-7)—are brief and take ≤5 minutes to
administer, providing MBC might take away 20% to 60% of
the limited face-to-face time, during which many other clinical
tasks must also be performed.

Unmet Behavioral Health Care Needs
Whether because of access to care, short time spent with
physicians, or shortage of behavioral health clinicians, many
individuals with depression and anxiety do not receive MBC,
despite evidence that it improves outcomes [1]. Moreover,
considering the epidemic proportions of depression and anxiety
and related disability and mortality, there is an urgent need to
find novel ways for primary care clinicians to provide
comprehensive MBC in an integrated behavioral health care
model. In addition, although the PHQ-9 and GAD-7 function
efficiently on their own to identify at-risk patients, they alone
may not capture the full scope of potential indicators of an
at-risk patient beyond questions asked in the screening
assessment.

Therefore, a mobile health (mHealth) platform was built with
the goal of improving access to MBC at scale in an integrated
behavioral health care model. There are some common concerns
regarding smartphone apps for behavioral health care. For
example, digital measurements are not necessarily
evidence-based, may not provide treatment that is equivalent
to that received from a trained clinician, and often have a low
frequency of use and engagement by patients. Often, the
measures used in apps were originally validated as paper and
pen or pencil instruments, and it is not clear if digital versions
have the same sensitivity and specificity. The number of
available behavioral health apps for smartphones is in the tens
of thousands [18], whereas a search on PubMed for clinical
studies of such apps returns results in the thousands. The apps
also deliver a wide variety of measures and interventions,
making comparisons among apps and between apps and
human-delivered (in-person or via telehealth) clinical
interventions difficult, if not impossible, without such systematic
studies. Concerns about the persistence of any effects are related
to the fact that the use of behavioral health apps, on average,
falls off precipitously, with only 3.3% of downloaded behavioral
health apps used for more than 30 days [19]. As part of an effort
to continue simplifying and increasing the adoption of MBC
by clinicians and patients, a severity score was developed within
the abovementioned mHealth platform. The severity score is a
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single composite, relative nondiagnostic measure of behavioral
health that can be tracked over time.

To understand the role of the severity score in MBC, the aim
of this study is to validate the output measure against established
scores of behavioral health assessments. Herein, we report the
data comparing the severity score with scores from the PHQ-9
assessment, the GAD-7 assessment, and expert clinician
consensus.

Methods

The mHealth Platform
In this study, all measurements were taken on the NeuroFlow
mHealth platform (NeuroFlow, Inc), where all measurements
were completed by patients on their own devices. Through the
NeuroFlow app or desktop interface, patients record, track, and
report their mood, sleep quality, stress level, and complete
PHQ-9 and GAD-7 assessments regularly. The app also provides
engaging educational videos based on users’self-reported scores
and symptom changes over time. Clinicians with access to the
mHealth platform send individualized links to their patients,
which allows the patient to download the mobile app on their
smartphone or access the platform through a website.

Although the latter features are not necessarily interventional
or measurement oriented, they serve the goal of maintaining
user engagement and lasting behavior change over time by
supporting users. All measurements were securely stored in the
Health Insurance Portability and Accountability Act
(HIPAA)-compliant database, and when in use, a clinician
accessed only their own patients’ information via a digital
dashboard that integrates with the electronic medical record.
This integration ensured that taking the measurements required
for MBC does not further reduce the already small amount of
time that clinicians have with patients. Instead of performing

screening assessments, they can immediately see which of their
patients may require a behavioral health intervention. The
reporting system in the mHealth platform alerts clinicians about
the patients who are not progressing or who have declining
behavioral health. The features of the mobile app include daily
self-rating scales for stress, mood, sleep, and pain; mindfulness
tools; general health education; and step tracking. Among all
mHealth app use, 30-day user retention is 70% compared with
a typical 30-day retention rate of 3.3% for behavioral health
mobile apps [20].

Development of the Severity Score
To create the composite severity score, we developed a
proprietary algorithm that uses the measures recorded in the
mHealth platform NeuroFlow by patients. The data set included
deidentified records of over 3000 individuals who used the
mHealth platform after it was assigned to them by a clinician
between 2018 and 2019. Weighted variables included total
scores on the PHQ-9 (27-point scale) or GAD-7 (21-point scale)
measures taken within the app, self-reported sleep quality
measures (scale of 0-10), self-reported mood measures (scale
of 0-10), active behavioral health treatment (yes or no),
frequency of an individual using specific activities within the
app (collected passively), and whether the individual had
endorsed having suicidal ideation (yes or no). For each measure
of the severity score, descriptive statistics were calculated to
determine the distribution of variables; central tendencies were
calculated through mean and median and the spread of variable
values through range, SD, and variance. Variables were assigned
positive or negative weights based on expert clinician input,
and these variables were combined to produce a severity score
measure, using a proprietary artificial intelligence algorithm.
Severity score measures ranged from 1 to 5, with 1 indicating
a low risk for common behavioral health conditions (eg,
depression and anxiety) and 5 indicating a high risk for such
conditions (Figure 1).

JMIR Form Res 2021 | vol. 5 | iss. 11 |e30313 | p.261https://formative.jmir.org/2021/11/e30313
(page number not for citation purposes)

Lynch et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 1. Overview of the process for developing and assessing the severity score. GAD-7: Generalized Anxiety Disorder-7; PHQ-9: Personal Health
Questionnaire-9.

Comparisons With Validated Assessments
The PHQ-9 is a 9-item questionnaire used to screen for
depression in medical settings. Each individual item is scored
as a potential total score from 0 to 27. PHQ-9 scores of 5, 10,
15, and 20 represent mild, moderate, moderately severe, and
severe depression, respectively. Under the scope of MBC,
patients are asked by their care provider to complete assessments
every 2 to 4 weeks. The clinical purpose of these assessments
is to help support clinicians in making a diagnosis, to quantify
depression symptoms, and to monitor changes over time to
determine if treatment is making a difference [21,22]. The
GAD-7 is a 7-item questionnaire used to screen for anxiety in
medical settings; individuals are asked how often they have
experienced certain feelings in the last 2 weeks on a scale of 0-
3. The total possible score is 21, and scores of 5, 10, and 15 are
considered cut-offs for the presence of mild, moderate, and
severe anxiety, respectively [23]. These are components of the
measurements that patients complete in the mHealth platform
such that for every severity score logged in the platform, there
is a corresponding overall PHQ-9 or overall GAD-7 score for
that individual at that point in time.

Using deidentified records, the severity score for a given
individual was plotted against their GAD-7 (n=31,260) and
PHQ-9 (n=36,324) scores. For each comparison, we used linear
regression to fit the slope of the line to our data and used Pearson
product-moment correlation coefficient (r) to quantify and
summarize the direction and magnitude of the relationship
between our variables. The Pearson product-moment correlation
coefficient r can be any number between −1 and 1. The sign of
r corresponds to the direction of the relationship between the
variables and the number corresponding to the magnitude of
the relationship between the variables.

The severity score measure and PHQ-9 scores were also
compared using the Bland-Altman analysis, which compares
the differences between 2 measures versus the mean of the 2
measures [24]. This analysis evaluated whether the two
measurement methods returned the same results and therefore
could be used interchangeably [25]. Because PHQ-9 scores vary
from 0 to 27 and severity score measures vary from 1 to 5, we
first converted PHQ-9 scores to the clinically meaningful
categories of 1 for no depression (scores 0-4 on PHQ-9), 2 for
mild depression (scores 5-9 on PHQ-9), 3 for moderate
depression (scores 10-14 on PHQ-9), 4 for moderately severe
depression (scores 15-19 on PHQ-9), and 5 for severe depression
(scores 20-27 on PHQ-9). The differences between the converted
PHQ-9 score and the severity score were then plotted against
the average of the converted PHQ-9 and the severity score. To
create the change scores for the severity score, we took the
absolute change between a severity score taken at time point t
and the previous severity score taken at time point t-1 for a
given participant. We then applied the same calculation to create
the change scores for the PHQ-9 and the GAD-7.

Comparison With Clinical Reviews
A panel of 6 behavioral-health expert clinicians, including
licensed psychologists, licensed clinical social workers, and 1
mental health psychiatric board–certified registered nurse,
provided 2 clinical reviews for each of the 250 individuals based
on 2 different blinded presentations of data from deidentified
patient records. As shown in Table 1, the first data set provided
only 30-day average PHQ-9 and GAD-7 scores recorded in the
app over a 30-day period for these 250 individuals. The second
data set provided measures included in the severity score in
addition to the 30-day average and maximal PHQ-9 and GAD-7
scores, including the suicidal ideation score from the PHQ-9,
measures of sleep and mood, whether the individual reported
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working with a behavioral health specialist, and whether severe
depression or anxiety had been present in the last 30-day period.
The 2 data sets were randomized independently to ensure that
the order of the records was not repeated. Clinicians were asked

to assign a clinical rating of symptom severity to each of the
250 individual records for both data sets using a scale of 1 (low
to minimal) to 5 (severe) (Textbox 1).

Table 1. Variables included in data set 2 evaluated by expert panel.

DescriptionPossible scoresaVariable

The average PHQ-9b score0-27avg_phq9_score

The highest PHQ-9 score recorded0-27max_phq9_score

The highest score recorded for the ninth question of the PHQ-9, which
screens for suicidal ideation as follows: “Over the past 2 weeks, how
often have you been bothered by thoughts that you would be better off
dead or of hurting yourself in some way?” (0=not at all, 1=several days,
2=more than half the days, and 3=nearly every day)

0-3q9_max

The average GAD-7c score0-21avg_gad7_score

The highest GAD-7 score recorded0-21max_gad7_score

The average sleep rating0 (best)-4 (worst)avg_sleep_rating

The number of sleep ratings0-30sleep_count

The average mood rating0 (best)-4 (worst)avg_mood_rating

The number of mood ratings0-30mood_count

This value denotes whether a patient self-reported having a behavioral
health clinician

0=no and 1=yeshas_bh_specialist

This value denotes whether a severe GAD-7 or PHQ-9 score was
recorded in the 30-day period before this period

0=no and 1=yesis_severed

aAll scores except is_severe are for the same 30-day period.
bPHQ-9: Physical Health Questionnaire-9.
cGAD-7: General Anxiety Disorders-7.
dis_severe is gathered from the last 30-day period.

Textbox 1. Clinician symptom severity rating scale.

Scores

1: low to minimal severity

2: mild severity

3: moderate severity

4: moderately severe

5: severe

For each data set, the mean clinician expert score was plotted
against the severity score for the same individual (n=250).
Linear regression was calculated, and both the Pearson
correlation coefficient and the Kendall tau measure were used

to evaluate the relationship between the mean clinician expert
score and the severity score (Multimedia Appendix 1). Figure
2 provides an overview of how the severity score was compared
with clinical reviews.
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Figure 2. Overview of the process for comparing the severity score with clinicians’ reviews. avg: average; GAD-7: Generalized Anxiety Disorder-7;
PHQ-9: Personal Health Questionnaire-9.

Results

Comparison of the Severity Score With Validated
Assessments
Normal distribution of data points around the mean and median
were found for all 3 changes measured (ie, severity score,
PHQ-9, and GAD-7). This study reviewed the changes in scores
to better understand the relationship between severity scores

and standardized assessments. The data for each measure were
homoscedastic, supporting the use of linear regression for the
analysis of possible correlations. After plotting the change in
severity score versus the change in PHQ-9 scores for each
individual record, we found a strong positive correlation between
change in severity score and change in PHQ-9 score (r=0.74;
P<.001; Figure 3). Similarly, changes in the severity score were
strongly and positively correlated with changes in the GAD-7
score (r=0.80; P<.001; Figure 3).

Figure 3. Change in severity score versus change in Personal Health Questionnaire-9 (PHQ-9) score or Generalized Anxiety Disorders-7 (GAD-7)
over a 30-day period.

We also evaluated several data points that did not fit the linear
regression and found that these were not errors or anomalies
but rather were cases in which the severity score provided
clinically meaningful information not captured by the PHQ-9

or GAD-7 score alone. For example, an individual whose PHQ-9
score changed from indicating minimal to moderately severe
symptoms of depression (Figure 3) had a smaller change in the
severity score because the severity score measure incorporated
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their active involvement in mental health treatment and absence
of suicidal ideation. In contrast, another individual had PHQ-9
score changes that reflected a decrease in symptoms of
depression but did not have a drop in the severity score because
the severity score incorporated ongoing thoughts of self-harm
or suicidal ideation reported by this individual.

On the Bland-Altman analysis, comparing the PHQ-9 with the
severity score, we found that the severity score measure was
significantly different from the PHQ-9, with the difference
between the two measures increasing around the mean of the
two measures (Figure 4).

Figure 4. Bland-Altman analysis shows that the Personal Health Questionnaire-9 (PHQ-9) and the severity score are significantly different measures
with differences increasing around the mean of the 2 measures.

Comparison With Clinician Review
There were also strong correlations between the severity score
and clinical experts’ reviews both when the expert clinical score
was generated from only average PHQ-9 and GAD-7 scores
(r=0.80; P<.001; Figure 5) and when the larger data set was
used by the clinicians (r=0.84; P<.001; Figure 5). Linear

regression analysis showed a strong correlation between the
severity score and clinician reviews for both data sets, with a
slightly stronger correlation for the more comprehensive data
set (r=0.84; P<.001) versus that for just the average PHQ-9 and
GAD-7 scores (r=.80, P<.001). The 2 data sets came from the
same 250 individuals and were separately randomized to ensure
that the records were presented in different orders.

Figure 5. Severity score compared with mean clinical review score by expert clinician panel.
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Discussion

Principal Findings
This study examined a new measure to be used in
comprehensive MBC screening that considers validated
assessments, subjective self-assessments, ongoing treatment,
and app activity to gain full insight into the lives of patients.
This study found relationships among the severity score, PHQ-9,
and GAD-7. There was also a strong positive correlation
between the severity score and expert panel clinical review,
indicating that the severity score may serve as a relative measure
of depression or anxiety. Findings from this study can inform
further development of a comprehensive measure for clinicians
to further identify at-risk individuals who may have otherwise
been overlooked or not treated.

Integrating MBC into primary care has proven to be effective,
but it is still not widely adopted [7]. For example, simply
screening for the presence of depression or anxiety was
performed in only 4.3% of primary care visits in 2016 [13].
Barriers to the implementation of MBC in primary care include
systemic factors such as the lack of a consistently used
measurement system and limited resources for training staff to
use a measurement system in a HIPAA-compliant manner. In
behavioral health care, HIPAA compliance is of particular
importance because of the stigma surrounding behavioral health
disorders that leads to discrimination and decreased quality of
life [3-6,8,9,25]. At the individual patient level, concerns about
confidentiality and the time burden for completing
measurements are major barriers to the use of MBC. At the
provider level, it is difficult to find time to measure behavioral
health symptoms during primary care visits, given the high
number of clinical tasks that must be prioritized and completed.
Measurement-based care platforms and rating measures such
as the severity score were developed with the goal of facilitating
MBC integration into primary care by reducing time burden.
For example, these types of platforms and rating scales take the
measurement aspect outside of the clinical appointment and
into the patients’ daily activities with an engaging smartphone
or desktop app.

Before investigating the feasibility and usability of the severity
score in a clinical setting, it was crucial to first understand
whether the severity score added value beyond the information
provided by the PHQ-9 and the GAD-7, resulting in a more
comprehensive understanding of the behavioral health profile
of the user. The severity score is derived using an artificial
intelligence–powered algorithm that uses both patient-reported
measures taken outside the clinical visit and passively collected
data through the use of an app. Regression analysis showed that
the severity score correlated strongly with both the PHQ-9 and
the GAD-7 scores with 0.88 sensitivity and specificity and 0.83
sensitivity and 0.84 specificity, respectively [21-23]. The
severity score correlated strongly with clinician review based
on PHQ-9 and GAD-7 scores alone (r=0.80; P<.001) and based
on the analysis of a larger number of data reported using the
mHealth platform (r=0.84; P<.001). These strong correlations
suggest that the severity score can be used as a proxy measure
for the presence of symptoms of depression and anxiety.

For example, if a clinician observed (on the clinician dashboard
or electronic health record) that a patient had a severity score
of 2 or more, it would prompt them to address depression or
anxiety and perhaps schedule a separate follow-up visit for these
concerns, as needed. Although the expert clinician panel’s
assessments in this study were made by reviewing recorded
data measures rather than in-person clinical assessments, the
strong correlations with both clinician review and validated
measures shows promise in the severity score for clinical use.

Findings from the Bland-Altman analysis revealed that the
severity score is significantly different from the PHQ-9, which
likely reflects the larger number of measures and the use of
weighting for more or less significance for depression or anxiety
based on comparison with a large set of individuals. Analysis
of outliers in the regression analysis showed instances in which
the severity score more accurately identified people with or
without clinically significant depression or anxiety than the
PHQ-9 or GAD-7 scores, respectively. The identification of the
severity score as a measure that is different but still correlates
with both validated assessments and clinician review suggests
that it can be used as a proxy for those validated measures and
that it may have greater utility than those measures alone.

Although combined items from the PHQ-9 and GAD-7 comprise
only 16 questions, administering these measures during the
primary care visit can be challenging because of time
constraints. For example, the addition of just one of these 2
measures could take 20%-40% of the available time of an
already short primary care visit lasting 17-21 minutes. Rather
than shortening the time needed for measurement, mHealth
platforms such as NeuroFlow can aid in MBC integration by
taking time for measurement out of the clinical visit. Using the
data reported by patients through the use of the app and
passively collected data, the severity score provides a measure
that is inclusive not only of the full PHQ-9 and GAD-7 data but
also other meaningful measures. By assessing a larger number
of parameters with an artificial intelligence–driven algorithm,
the severity score may be able to identify at-risk individuals
who may have been missed with only a PHQ-9 or GAD-7
assessment. The reason for this is the severity score number
factoring in multiple assessments and variables, including
subjective variables such as mood or sleep. For example, if an
individual is not sleeping well, this might be evident in the
severity score, whereas it may not be in the PHQ-9 or GAD-7
scores. In addition, digital delivery of the severity score in the
patient’s electronic health record confers advantages such as
HIPAA-compliant screening, mitigation of confidentiality
concerns, and completed assessments before meeting with the
clinician. This may allow clinicians to use additional time for
further assessment and suggestions for treatment, as appropriate.

Providing a system-wide, HIPAA-compliant measurement
system that requires minimal training of medical practice
personnel can be delivered in a digital manner, and integrating
measurement-based care (MBC) into primary care practices
confers several advantages. From the clinicians’ perspective,
the severity score is valuable because it provides a single
measure ranging from 1 to 5 that is generated from daily
platform use by the patient, can be integrated into the electronic
health record, and can alert the clinician to the presence of
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concerning endorsements of depression and anxiety symptoms,
which in turn can prompt further assessment, treatment, and
referrals, as needed. Another advantage of the severity score is
that it seamlessly incorporates the measurement of behavioral
health symptoms into a person’s typical day-to-day activities
that include the use of their mobile phones. Taking some time
(approximately 30 seconds) to track mood or sleep for multiple
days of the week is less onerous for the patient than taking 4 to
8 minutes needed for both the PHQ-9 and GAD-7.

Strengths and Limitations
As with all health-related apps, there is appropriate concern
regarding whether individuals will use the app and record data
consistently. In this regard, the severity score demonstrated 2
advantages. First, the platform has a high user retention rate of
70%, which is 21 times higher than the typical 30-day retention
rate of 3.3% for health-related apps [20]. The platform has user
retention rates of 32% and 27% at 6 and 12 months, respectively,
and receives a Net Promoter Score of 41, which is 14 points
higher than the industry average [26]. This is achieved through
well-tested patient engagement techniques that leverage an
omni-channel communication strategy. The platform sends
patient notifications to register and reminders to engage with
the assigned content and activities. Notifications can be in the
form of email, SMS text messages, and push notifications
depending on the user’s preferences. Second, the incorporation
of additional patient-reported measures (eg, sleep rating, mood
rating, and number of times a measure was tracked) in addition

to PHQ-9 and GAD-7 scores means that a reliable severity
measure is available even if 1 measure (eg, the PHQ-9 or GAD-7
score) is not present for a particular individual.

As with all studies, this study is also not without its limitations.
For example, given the retrospective design, the sample is not
always representative of the population as a whole, and the data
set may be at risk of recall bias. Future research with a much
larger sample size may prove fruitful, in addition to a
prospective study design.

Conclusions
The severity score is a screening measure of the symptoms of
depression and anxiety and other important variables, such as
mood and sleep, generated with an artificial
intelligence–powered algorithm developed from the analysis
of 3000 mHealth users. A comparison of over 35,000 severity
scores with PHQ-9 and GAD-7 scores taken at the same point
in time by the same individuals demonstrated a strong
correlation between the severity score and scores from both the
PHQ-9 and GAD-7. Clinician reviews of the PHQ-9 and GAD-7
scores also correlate strongly with the severity score. Together,
these correlations strongly suggest that the severity score can
be used as a proxy measure for the presence of depression and
anxiety. However, the Bland-Altman analysis shows that the
severity score is a significantly different output measure.
Prospective feasibility studies to further measure the sensitivity,
specificity, and clinical noninferiority of the severity score are
warranted.
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Abstract

Background: For many research teams, the role of community stakeholders is critical. However, community stakeholders,
especially those in low-income settings, are at risk of being excluded from research and community engagement initiatives during
and after the COVID-19 pandemic because of the rapid transition to digital operations.

Objective: We aimed to describe the implementation and feasibility of a program called Addressing the Digital Divide to
Improve Patient-Centered Outcomes Research, which was designed to address barriers to technology use, and to examine changes
in participants’ perceived comfort with digital technology before and after the program.

Methods: To promote full engagement, we worked with 20 existing community leaders to cocreate a training course on using
digital technology. We assessed the frequency of technology use and comfort with technology through an adapted 8-item version
of the Functional Assessment of Comfort Employing Technology Scale and used the Wilcoxon signed-rank test for survey
analysis. We also conducted a focus group session with 10 participants and then performed reflective journaling and content
analysis to determine emergent themes.

Results: We found that the program was feasible to implement and worthwhile for participants (15/16, 94%). After the program,
the participants perceived an increase in the frequency of technology use (z=2.76, P=.006). The participants reported that the
program was successful because of the technology training program, but recommended that the program have a slower pace and
include a helpline number that they could call with questions.

Conclusions: Future programs should consider that populations with low literacy view technology training as a core element
to decreasing technology disparity. This study demonstrates that through low-cost input, community members can be provided
the resources and training needed to virtually participate in research studies or community engagement initiatives.

(JMIR Form Res 2021;5(11):e30605)   doi:10.2196/30605

KEYWORDS

technology; disparities; digital access; digital literacy; community; stakeholders; digital health; digital divide; patient-centered
outcomes

Introduction

In an effort to mitigate the spread of disease and prevent
unnecessary death caused by the COVID-19 pandemic, public
health leaders and policymakers globally have recommended
or instituted physical distancing measures [1-4]. Subsequently,
people have replaced in-person interactions with virtual
interactions [5-9]. For example, in the United States, the use of

telehealth, virtual learning, telework, and personal video chat
communication has increased [10-13]. This use of technology
has allowed people to remain active and engaged with others
during the pandemic.

Research teams, many of which include community members,
have also adapted operations to virtual platforms such as
videoconferencing wherever possible. For many research teams,
the role of community stakeholders is critical. Community
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stakeholders can assess the importance and cultural relevance
of a research question. Involvement of community stakeholders
in research can improve recruitment and sustainability of
outcomes [14]. From an ethical standpoint, many assert that the
community has a right to be aware of and involved in research
that could affect them [15]. Community stakeholders involved
in research are often leaders in their communities who facilitate
connections and ensure awareness of community resources
[15-18].

Although technology has the potential to assist community
stakeholders in remaining engaged during the COVID-19
pandemic, there are technology-based disparities [19-21]. Many
community stakeholders, especially those in low-income
settings, are at risk of being excluded from research and
community engagement initiatives during and after the
COVID-19 pandemic because of the rapid transition to digital
operations. In Baltimore, Maryland where this study was
conducted, an estimated 40% of households do not have wireless
internet service and one-third of households do not have a
desktop or laptop computer [22-24]. Black Americans, who
make up 67% of the population of Baltimore [25], experience
more barriers to technology use than the rest of the city’s
population because of systemic and structural racism that has
led to socioeconomic disparities [26,27]. Black older adults
experience additional barriers to technology use such as lack
of guidance, lack of confidence, limited resources, and the
perception that technology is complex [28,29].

These barriers to technology use severely restrict Baltimore’s
community members from getting involved in research teams
and supporting their communities during the COVID-19
pandemic. It is essential to address technology-based disparities,
or the “digital divide,” to ensure full community engagement
for patient-centered research design and generalizable research
samples both during and after this pandemic. This study aimed
to describe a program called Addressing the Digital Divide to
Improve Patient-Centered Outcomes Research or ADD2PCOR,
which was created to address the barriers to technology use.
Through this program, we aimed to provide a time-efficient,
cost-effective, and feasible training course to bridge the digital
divide among Baltimore’s community stakeholders and impart
technological knowledge and tools to those who would
otherwise be unable or unlikely to participate digitally. In this
paper, we describe the implementation and feasibility of
ADD2PCOR and examine participants’ comfort with digital
technology before and after the program.

Methods

Project Description

ADD2PCOR Goals
We co-designed, implemented, and refined ADD2PCOR to
provide community stakeholders and vulnerable patients with
basic technological knowledge and equipment that would help
them to participate virtually. We intended for this program to
be both cost- and time-efficient so that it could be broadly
implemented by research teams, both within our institution and

elsewhere, who wish to engage people with low technology
literacy in research activities.

Participants and Recruitment
We recruited participants who were 18 years or older,
participated as a community member on a research advisory
council or similar committee or confirmed intent to join a
research advisory council or similar committee in the coming
year, and verbalized that they did not have regular access to
internet at their home or a digital tool beyond their phone to
access the internet. We performed snowball sampling through
our existing partnerships with patients and the community and
recruited 20 community stakeholders.

Training Course Development
To promote full engagement, we worked with existing
community leaders to cocreate a training course on using digital
technology. Brevity and feasibility were emphasized throughout
training course creation to ensure that other organizations may
be able to easily implement the course without the need to
devote significant resources. We obtained input from community
and patient groups such as the Community Research Advisory
Council, the Patient and Family Advisory Council, and Patients
Aligned with Research Teams and ER Nurses to Improve
Diagnosis to understand the difficulties that patients and
community members have faced in engaging in virtual meetings
and using other basic technologies. Training course development
in this project followed the classic 4 elements of the Tyler Model
of planning, designing, implementing, and evaluating with
community stakeholders engaged in the conception of each
aspect [30]. Codevelopment is the cornerstone of the design
portion of this curriculum development. We created written
material to loosely guide training course progression for both
the trainer and community stakeholders. All learning topics in
the training course were determined based on community
stakeholder input, which were then amended based on individual
participant needs during program implementation.

Project Implementation
Each community stakeholder recruited for this study received
an Amazon Fire tablet, which was purchased at a price as low
as $40. If they did not already have broadband internet access
in their home, they were given a 1-year Comcast Internet
Essentials plan, which was available for $9.95 a month inclusive
of setup and rental costs [31]. The maximum cost of providing
both internet access and a tablet was $200 a year, which is
comparable to that spent on meals and parking for participants
in many research or engagement programs.

Based on suggestions from community stakeholders, the first
section of the training course focused on ensuring that
participants were comfortable with the basic functions of the
tablet, including switching on the tablet, charging the tablet,
and connecting to the internet. Once we confirmed that
participants were able to access the internet, we introduced free
basic services such as Gmail. We ensured that participants could
open their email accounts as well as documents and calendar
invitations sent through email. The second section of the training
course focused on ensuring that participants were comfortable
using videoconferencing and at least one application (or “app”)
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of their choosing. For example, many participants requested
assistance in learning how to access their patient portal for health
information or use social media to view pictures of their
grandchildren. After the majority of participants were confident
with both connecting to the internet and videoconferencing, we
conducted 1-hour video group meetings to review common
areas of difficulty with the use of the tablet. Participants who
had not yet mastered videoconferencing joined the video
meetings via phone-based audio. These group meetings were
opportunities for the community stakeholder participants to
learn from each other or solidify learned skills.

We compensated participants $30 for each hour of training that
they attended. Although the training course was originally
planned as in-person instruction, we delivered all training
sessions virtually because of pandemic-related safety concerns.

Similarly, although the training course was originally planned
as group-based learning, the majority of the training course was
delivered through one-on-one instruction over phone or video
chat. We determined one-on-one instruction to be more efficient
following the switch to virtual instruction because it allowed
the delivery of individualized education and limited extraneous
background noise during video meetings. Although we originally
planned for the training course to be 3 hours long for all
participants, we changed this to a more flexible format during
the program based on participant needs and feedback. However,
on average, participants completed 3 hours of training course
content. Although the training course components and pace
were individualized based on the technology literacy and
preferences of each community stakeholder, a step-by-step
example is described in Figure 1.

Figure 1. Example of a community stakeholder training course. The arrows indicate the iterative nature of the training course.

Data Collection and Analysis
We used Qualtrics, an online survey platform, to understand
the frequency of use of various digital technologies by
community stakeholders before and after ADD2PCOR. We
considered frequency of technology use to be an indicator of
comfort with technology. We assessed frequency of technology
use through an adapted 8-item version of the Functional
Assessment of Comfort Employing Technology Scale
(FACETS). FACETS encompasses 5 functional domains: social,
e-commerce, technical, health care, and home [32]. An example
survey question is “I use Google or another search engine to
find answers to questions.” Scores for participants’ responses
to each question ranged from 0 to 6, with higher scores
indicating a greater frequency of technology use [32]. The
survey responses were combined for an overall score ranging
from 0 to 48. The adapted FACETS survey is shown in
Multimedia Appendix 1. We used the Wilcoxon signed-rank
test to compare responses on the frequency of technology use
before and after ADD2PCOR, considering a P value <.05 as
significant.

After all community stakeholders participated in the training
course, we conducted a focus group session with the
ADD2PCOR participants who expressed an interest in joining
it. The purpose of the focus group was to receive feedback from
the participants on their experience with ADD2PCOR. The
researcher who moderated the focus group discussion was an
experienced qualitative interviewer. In an effort to prevent bias,
the moderator and notetaker present had no prior interactions
with the ADD2PCOR participants. Questions in the
semistructured interview guide were related to previous comfort
with and use of digital technology, motivation to join
ADD2PCOR, positive and negative feedback on ADD2PCOR,
opinion on the training aspects of the program, and comfort
with and use of digital technology after ADD2PCOR. The focus
group session was conducted as a virtual video meeting of 10
participants that lasted approximately 1 hour and 15 minutes.

Although the focus group meeting was not recorded, thorough
notes of direct quotations were taken from participants
throughout the session, followed by reflective journaling and
content analysis conducted in a manner similar to that by
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Halcomb and Davidson [33]. We selected content analysis for
the organization of focus group data because of our study’s
focus on obtaining objective feedback for program improvement.
The focus group moderator (BFD) utilized the coding software
f4analyze (audiotransckription) to organize direct quotations,
and the project lead (KTG) reviewed the content analysis and
field notes and validated the selected themes [34].

Results

Characteristics of the Sample
In total, 16 of the 20 community stakeholder participants (85%)
completed the demographical survey (Table 1) and the FACETS
survey (Table 2). The majority of the participants were female
and aged 65-74 years. All study participants identified as Black
individuals. The majority of participants were extremely
satisfied with the program (11/16, 69%) and strongly agreed
that the experience was worthwhile (15/16, 94%).

Table 1. Sample characteristics.

Participants (N=17), n (%)Characteristic

Age (years)

1 (6)45-54

3 (18)55-64

10 (59)65-74

2 (12)75-84

1 (6)>85

Race

17 (100)Black

Gender

14 (82)Women

3 (18)Men

Education level

2 (13)Less than high school

4 (25)High school graduate

6 (38)Some college

5 (29)4-year degree or more

Satisfaction levela

11 (69)Extremely satisfied

5 (31)Somewhat satisfied

How likely recommend to a frienda

14 (88)Extremely likely

2 (12)Somewhat likely

Found experience worthwhilea

15 (94)Strongly agree

1 (7)Somewhat agree

an=16.
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Table 2. Changes in technology use frequency (N=17).

P valuez valueScore, mean (SD)FACETSa domains

.03−2.18Texting frequency

4.15 (1.90)Pre

4.88 (1.68)Post

.22−1.23Social media use frequency

2.25 (1.62)Pre

3.38 (1.89)Post

.01−2.75Wi-Fi use frequency

3.25 (1.62)Pre

5.13 (1.41)Post

.01−2.73Videoconferencing frequency

2.45 (1.73)Pre

4.81 (1.64)Post

.03−2.17Searching on Google frequency

4.35 (1.63)Pre

5 (1.80)Post

.30−1.04Opening files frequency

2.45 (1.76)Pre

3.62 (2.30)Post

.04−2.04Opening shared files frequency

1.90 (1.86)Pre

3.5 (2.34)Post

.001−3.20Opening calendar invites frequency

1.45 (1.39)Pre

4.19 (2.04)Post

.006−2.76Combined frequency score

24.40 (11.05)Pre

38.31 (10.64)Post

aFACETS: Functional Assessment of Comfort Employing Technology Scale.

Survey Results for Technology Use
Cronbach α was .88 for the adapted FACETS survey. After
comparing the FACETS measure before and after ADD2PCOR,
we found a significant increase in the score for the following 6
subdomains of frequency of technology use: texting, Wi-Fi,
videoconferencing, opening files sent by others, searching on
Google, and opening calendar invites. The subdomains with the
greatest increase in score on a scale of 0-10 were
“videoconferencing frequency,” with an average increase of
2.36, and “opening calendar invites frequency,” with an average
increase of 2.74. A comparison of the combined total
subdomains scores before and after the program showed an
increase in score by 13.91 (scale 0-48) for the frequency of
technology use.

Focus Group Results
During focus group analysis, we identified 3 major themes:
motivation and benefits of the program, training as the core to
success, and areas for program improvement. The findings are
summarized below.

Motivation and Benefits of the Program
The participants overwhelmingly joined ADD2PCOR because
they wanted “to learn.” Some participants reported that they
generally “like to learn new things,” whereas others perceived
a specific gap in knowledge regarding technology. The
participants discussed that having skills in technology gives
them comfort because technology can provide entertainment or
enable them to contact others when in need. For example, one
participant stated,

[Without this program], I would be where I was
before I started (laughs). You have broadened my
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resource base, gave me more tools to work with, to
navigate the pandemic with.

Some of the participants reported that they had limited
knowledge on affordable internet and device options before the
program and that they intended to continue with the internet
plan through the year after study conclusion. The participants
were especially appreciative of being able to video chat with
loved ones who they would otherwise not be able to see
face-to-face because of the pandemic or geographical distance.
Finally, the participants said that the program allows them to
better serve their community during the pandemic. For example,
one participant stated that,

[The program] allows us to dig into more resources
for the community. People are isolated during the
pandemic…We are community people. We want to
continue doing what we do – getting a hold of
resources and sharing them. The ultimate goal is
helping others.

Training as the Core to Success
Most participants reported that the most valuable aspect of the
program was the training or classes. The participants described
how ADD2PCOR would be “useless” without the training
classes, as their tablet “would just be lying there.” One
participant narrated their experience of acquiring a new iPad,
only to later give it away because he did not understand how to
use it. Another participant described how her family members
use technology on her behalf instead of offering to teach her
how to use it. The participants expressed appreciation for having
an instructor for the tablet who is patient with basic questions
or slow progress. For example, one participant stated, “y’all
take your time and take me step by step to learn the steps without
getting frustrated.” The participants stated that receiving the
tablet and receiving training to use it “go hand in glove”; each
is imperative for the success of the other.

Areas for Program Improvement
The survey results indicated that the participants were extremely
satisfied with ADD2PCOR; however, they did make some
suggestions for similar future programs during the focus group
session. Some participants suggested a slower pace of training
“so we can learn every icon that pops up on our program and
how to use it, what your tablet can do.” Another participant
suggested that periodic recaps on past learned skills be offered
for adults aged 80 years and older. Two older participants
suggested that older adults, especially those with poor eyesight,
be taught to use audio virtual assistants such as Alexa or
audiobooks. The participants also expressed the importance of
a helpline to call with questions outside of formal training
meetings. Similarly, one participant recommended that veteran
participants be partnered with newer participants to help
troubleshoot problems with basic tablet functions.

Discussion

Addressing disparities in technology access and use among
community stakeholders is essential to creating and
implementing culturally competent research studies and
interventions. ADD2PCOR addressed this need by providing

community stakeholders with a tablet and internet as needed
and by implementing a self-paced technology training course.
We found that ADD2PCOR was feasible to implement and
worthwhile (15/16, 94%) for participants. After the program,
the participants perceived an increase in the frequency of
technology use in 6 subdomains: texting, Wi-Fi,
videoconferencing, opening files sent by others, searching using
Google, and opening calendar invites. The participants largely
joined the program “to learn,” and believed that the greatest
benefit of the program was that the skills they learned will help
them obtain and provide help to others. The participants reported
that the program was successful because of the technology
training program, but recommended that the pace of the program
be reduced and that a helpline number that they could call with
questions be provided.

Considering the small sample size of this study, it is promising
that participants’ frequency of technology use significantly
improved in the majority of tested subdomains. The subdomains
that showed a significant increase in score were those of core
skills taught during the training or practiced by participants
throughout the study, except for text messaging. Improving
comfort with the use of technology in other areas may have
translated to improvement in comfort with text messaging. These
skills that showed a significant increase in score are critical
skills needed for the community stakeholders to continue their
involvement in research projects or community engagement in
the virtual environment. While social media use increased
among participants, there was no significant increase in the
score for this subdomain. During the intervention, the training
focused more on basic tablet functions than on the use of social
media, per participant request. During the focus group session,
the suggestion that the pace of training be reduced was provided
mainly by older participants. Future studies on technology
training might benefit from creating homogenous subgroups
for training divided by baseline technology knowledge. Except
for a few reports [35,36], most studies on technology-based
interventions have focused on either training or improving
access [37-39]. Our study results suggest that both are core
elements for improving comfort with and use of technology and
should be addressed in tandem.

Most of the participants in this study were aged 65 years or
older and identified as Black individuals, which reflects the
demographics of populations experiencing disparity in
technology use and access in the United States. Many older
Black Americans experience intersectional barriers to
technology use such as inexperience arising from age-related
preferences or disability [20,40] or financial constraints related
to structural inequities [41]. During the COVID-19 pandemic,
such technology disparities might contribute to poor vaccine
uptake or limited health care options for these populations [42].
For example, COVID-19 vaccine scheduling and telehealth
appointments are both health care activities that require
technology-based literacy. Technology should be used as a tool
to decrease and not perpetuate disparities [38,39,43-45].

During the pandemic, studies are being adapted to virtual
platforms and this will likely continue after the pandemic. It is
essential that all people have the resources and knowledge
needed to engage in such virtual studies. Broadband internet
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and device ownership is less common in certain populations
such as older adults or low-income populations [46,47].
Unfortunately, many virtual studies and interventions, even
those aimed at decreasing disparities, require such resources
for participation [37,45,48]. This study demonstrates that
research teams can provide participants with a tablet, internet,
and training through low-cost input. The intention of some of
the participants to continue with the internet plan through the
year after study conclusion indicates the sustainability of the
program.

The major limitations of this study were the sample size,
sampling procedure, and groupthink. The small sample size was
appropriate for this feasibility study but might have had limited
power in detecting smaller differences. In additional, we used
a snowball sampling technique that might have included
participants that are not representative of other community
stakeholders in Baltimore. Finally, even though the focus group
session was moderated by a researcher who had no prior
interaction with the participants, participant feedback was
overwhelmingly positive. The participants might have felt
pressured to respond in a manner similar to their peers
(groupthink) [49]. Regardless of these limitations, this study
has many strengths. With the inclusion of community leaders
and existing collaborations, we were able to recruit people who
might have otherwise been difficult to reach through research.
Furthermore, this study was able to implement participation
feedback at all stages, thus providing individualized training as
needed and making adjustments when components were found
to be unsuccessful.

The findings of this study highlight areas in need of future
research and policy change. This study demonstrates a feasible
intervention that improves comfort with and use of technology
for community stakeholders. Many previous researchers have
excluded otherwise eligible participants from studies because
of a lack of internet access or devices needed to participate in
the study. The results of this study indicate that through low-cost
input, community members can be provided such resources and
be included in technology-based studies. Future studies could
implement a program similar to ADD2PCOR in a larger sample
and integrate the constructive feedback presented in the focus
group. This study suggests that providing the necessary
technological equipment alone might not be sufficient for
improving technology use in all populations; researchers must
also consider a participant’s sociotechnical environment [50,51].
For example, this study’s sample of older Black Americans with
low technology literacy viewed technology training and a
technology helpline as important supports for technology use.
Similarly, if researchers or organizations intend to provide group
learning for community members or study participants, they
should consider dividing groups by technology literacy so that
the training pace complements each individual. Recently, the
Federal Communications Commission began the Emergency
Broadband Benefit program, which provides affordable
broadband services to low-income Americans [52]. Researchers
who work with community stakeholders could also explore
currently available free online classes that are specifically
designed to improve technology literacy. Including community
members as leaders or participants in studies is critical, and the
lack of internet, technological equipment, or technology literacy
are modifiable factors that can be addressed by research teams.
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Abstract

Background: The incidence of chronic diseases such as type 2 diabetes is increasing in countries worldwide, including Singapore.
Health professional–delivered healthy lifestyle interventions have been shown to prevent type 2 diabetes. However, ongoing
personalized guidance from health professionals is not feasible or affordable at the population level. Novel digital interventions
delivered using mobile technology, such as conversational agents, are a potential alternative for the delivery of healthy lifestyle
change behavioral interventions to the public.

Objective: We explored perceptions and experiences of Singaporeans on healthy living, diabetes, and mobile health (mHealth)
interventions (apps and conversational agents). This study was conducted to help inform the design and development of a
conversational agent focusing on healthy lifestyle changes.

Methods: This qualitative study was conducted in August and September 2019. A total of 20 participants were recruited from
relevant healthy living Facebook pages and groups. Semistructured interviews were conducted in person or over the telephone
using an interview guide. Interviews were transcribed and analyzed in parallel by 2 researchers using Burnard’s method, a
structured approach for thematic content analysis.

Results: The collected data were organized into 4 main themes: use of conversational agents, ubiquity of smartphone apps,
understanding of diabetes, and barriers and facilitators to a healthy living in Singapore. Most participants used health-related
mobile apps as well as conversational agents unrelated to health care. They provided diverse suggestions for future conversational
agent-delivered interventions. Participants also highlighted several knowledge gaps in relation to diabetes and healthy living.
Regarding barriers to healthy living, participants mentioned frequent dining out, high stress levels, lack of work-life balance, and
lack of free time to engage in physical activity. In contrast, discipline, preplanning, and sticking to a routine were important for
enabling a healthy lifestyle.

Conclusions: Participants in this study commonly used mHealth interventions and provided important insights into their
knowledge gaps and needs in relation to changes in healthy lifestyle behaviors. Future digital interventions such as conversational
agents focusing on healthy lifestyle and diabetes prevention should aim to address the barriers highlighted in our study and
motivate individuals to adopt healthy lifestyle behavior.

(JMIR Form Res 2021;5(11):e30435)   doi:10.2196/30435
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Introduction

Background
The growing burden of diabetes is a matter of global concern.
Among developed countries, Singapore has the second highest
prevalence rate, with 1 in 9 people aged between 18 and 69
years having the condition [1]. Singapore’s life expectancy
increased from 83.2 in 2010 to 84.8 in 2017; however, when
adjusted for time in perfect health (health-adjusted life
expectancy), Singapore’s life expectancy dropped to 74.2 [2].
The main contributors to this drop are chronic conditions such
as diabetes, hypertension, and high cholesterol levels, which
are largely due to unhealthy lifestyle and habits [2].
Approximately 440,000 Singaporean residents (aged 18 years
and above) were diagnosed with diabetes in 2014, and this
number is expected to reach 1 million by 2050 [3].

Prediabetes is a precursor of type 2 diabetes and is becoming
increasingly common. Lifestyle interventions, including
promotion of physical activity and a healthy diet, delivered by
trained health professionals can reduce the incidence of type 2
diabetes in those with prediabetes [4-6]. However, personalized
guidance and attention from expert health care professionals
are not feasible or affordable on a large scale. A potentially
more accessible alternative to in-person support could be digital
initiatives for information and intervention delivery, such as
conversational agents. Moreover, health programs delivered
over the internet have been successful, as exemplified by
web-based interventions to reduce smoking [7] and alcohol
intake [8] and to improve sexual health [9], cancer screening
[10], physical activity [11], and diet [12]. The ubiquity of the
internet makes these programs easily accessible to diverse
groups. Conversational agents or chatbots are computer
programs designed to mimic human-human conversations using
either text or speech. Conversational agent use has advantages
such as easy access, the possibility of personalization, greater
efficiency, bidirectional interactivity, and a chance to build up
a working alliance, highlighting the potential to improve patient
care [13]. Applications of conversational agents in health care
are gaining traction in a number of medical fields and diverse
age groups (from children to older adults). Thus far, they have
been employed in health care service provision, chronic disease
management, patient education and can be delivered via existing
messaging apps, individual apps, or even standalone devices
[14,15].

People’s knowledge of diabetes, prediabetes, and the role and
impact of healthy living can affect their lifestyle choices and
ultimately health [16]. Before introducing a novel method of
digital health delivery to a study population, a needs assessment
study is required. This process will identify the challenges faced
by the population, the essential components they wish to see,
and gauge their likely acceptability of a new digital initiative
for their health [17]. Evidence on conversational agent use for
healthy lifestyle promotion in different settings, including

Singapore, is currently limited. Singapore, a technologically
savvy country, has a high use of mobile phones and messaging
apps, as evidenced by its high smartphone penetration rate of
82% in 2021 [18,19]. Singapore’s Ministry of Health has
highlighted the increasing use of conversational agents in health
care to tackle issues such as the rising chronic disease burden
within an aging population [20]. This situation makes Singapore
an ideal candidate for the implementation and testing of novel
mHealth interventions, such as conversational agents [21].

Objectives
To address this need, this study aims to design and evaluate a
conversational agent that promotes healthy lifestyle behavior
changes for the general population in Singapore. Education and
widespread delivery of a healthy lifestyle intervention at the
level of the general population can be pivotal in the prevention
of diabetes and prediabetes even before individuals get to a
stage of high risk. To inform the development of such a
conversational agent, we invited members of the public to share
their views on and experience of diabetes, prediabetes, healthy
living, and digital health interventions, which we report in this
study.

Methods

This qualitative study was conducted between August and
September 2019. We invited 20 members of the public to
participate in the semistructured interviews. The study was
approved by the Nanyang Technological University Ethics
Committee (IRB-2018-11-032). All participants read the study
information sheet before providing written consent. Specific
consent was obtained to record the interviews. This study
followed the Consolidated Criteria for Reporting Qualitative
Research (COREQ) guidelines [22] (Multimedia Appendix 1).

Participants and Recruitment
Participants were volunteers initially recruited for a healthy
lifestyle change conversational agent pilot feasibility study using
a study poster on relevant healthy living Facebook (Facebook
Inc) pages and groups (Figure 1). Participants taking part in this
study had to read and sign informed consent, complete an
eligibility, baseline, and follow-up questionnaire, in addition to
conversing with a Facebook Messenger conversational agent
over the 4-week study period. We included adults aged ≥21
years who were fluent in English with a Facebook account. The
following exclusion criteria were applied:

• individuals with a history of major illness, such as cancer,
heart disease, stroke, chronic liver disease, chronic kidney
disease, neurodegenerative condition, and hypertension

• individuals with physical disability that would prevent
regular physical activity

• pregnant women
• participants younger than 21 years of age
• illiterate or nonwriting individuals (as all questions will be

asked in English)
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Figure 1. The order of events participants underwent, from (1) recruitment, (2) interviews for needs assessment and subsequent participation in a
4-week feasibility study.

We excluded individuals with a history of major illness, those
with physical disabilities, or pregnant women, as advice
provided by the conversational agent was not optimized to
consider diet and exercise requirements for these populations.
In addition, as the content in questionnaires, informed consent,
interviews, and conversational agents were all in English,
illiterate, and nonwriting individuals were excluded.

We used a purposive sampling strategy to capture variations in
ethnicity and age groups from a wider range of perspectives.

Data Collection
Interviews were conducted by a female PhD student (DAD) in
designated private meeting rooms at the Lee Kong Chian School
of Medicine, NTU, Singapore. An interview guide was used,
and interviews were conducted either in person or over the
telephone, depending on the volunteer’s preference. DAD was
provided with sufficient details, resources, and exposure to
web-based courses on qualitative research and conducting
telephone interviews before study commencement. Field notes
were taken during the interviews. The initial interview guide
was informed by the literature on the development of digital
and conversational agent-delivered health interventions
(Multimedia Appendix 2) [23-26]. The interview was adapted
further as the study proceeded, to take account of emerging
themes, and each interview ended when we reached saturation
of novel topics (eg, for barriers and facilitators, respectively).
The interview was an earlier phase in a larger feasibility study,
in which all the participants were enrolled (Figure 1). This study
aims to test the feasibility and acceptability of a conversational
agent for healthy lifestyle changes in Singapore. Participants
were compensated with a digital voucher of SGD $25–35 (US
$18-25) upon pilot feasibility study completion, and there was
no extra incentive for taking part in the telephone interviews.
Participation was voluntary.

Basic demographic data were obtained from all participants,
including gender, age, ethnicity, marital status, monthly
household income, number and age of children, and occupation.

Their use of conversational agents and feedback on these
interactions and suggestions for future health applications (eg,
tone, media, and direction) were also explored. These insights
would unveil their preferences, which would be useful in
directing our design and development of conversational agents
for this population. Participants were also asked to share the
types of messaging and health apps they had experience using
and their opinions on them. Information on their use of
messaging apps was important to note, as many conversational
agents were delivered via these platforms. Public preferences
can direct an appropriate delivery platform for these agents.
The naming and patterns of use of health apps would indicate

the comfort of the population currently using technology to
monitor their health and what applications they find mHealth
solutions appropriate for.

Questions were asked about participants’knowledge of diabetes
and prediabetes as well as their family history of these
conditions. Identifying their knowledge gaps and awareness of
being at risk could help in preventing and reducing the risk of
developing diabetes and prediabetes. Finally, to best understand
their needs on how to promote healthy living, questions were
asked about what they thought were the barriers and facilitators
of a healthy lifestyle. The focus was on these topics: eating
habits, physical activity, stress, and sleep. Participants were
asked about their current habits and thoughts on what the ideal
advice for these components should be. This would inform the
content of future conversational agents educating the public on
healthy lifestyle changes.

Both short-and long-answer questions were asked. An example
of a short answer question is Do you use messaging apps such
as Facebook Messenger? An example of a question that required
a more comprehensive answer is Sometimes we do not always
eat the way we would like to. Let’s talk about some difficulties
you experience with eating healthy.

All in-person interviews were conducted using a portable audio
recorder. Telephone interviews were conducted via a speaker
phone using the departmental iPhone 6 (Apple Inc) and recorded
using an audio recorder placed in close proximity to the speaker
phone and the interviewer. The interview lasted approximately
30 minutes. The audio files were transcribed verbatim. All
transcripts were checked with the corresponding sound files for
accuracy, and they were subsequently corrected for errors and
cleaned.

Data Analysis
The data were analyzed using Burnard’s method, a structured
approach for thematic content analysis established in 1991 and
is still used today [27]. First, 2 researchers familiarized
themselves with the transcripts by reading them multiple times.
Second, the initial codes were proposed. Third, the themes were
derived from the codes. Fourth, the 2 authors discussed and
combined their themes for comparison. Finally, they reached a
consensus on the themes to be used and how to define them.
The coding of transcripts was performed using the review and
comments function on a word processor. The final codebook is
presented in Multimedia Appendix 3.
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Results

Overview
We approached the 60 participants enrolled in the conversational
agent feasibility study (via email), looking for 20 volunteers to
participate in a telephone interview (Figure 1). We chose this
number based on the recommendation that qualitative analysis
should be based on data from 1-30 respondents [28]. A total of
20 participants responded and agreed to be interviewed. Seven
interviews were conducted in person, and 13 were conducted
over the telephone.

Participant Demographics
Eighty percent of the participants were female, median age was
30 (in complete years), age range was 23-60 years, and 50%
(10/20) were married. Of the 20 participants, 65% (13/20) were
working, 25% (5/20) were full-time students (undergraduate or

postgraduate), and 10% (2/20) were unemployed. More than
half of the participants (11/20, 55%) were Chinese, 25% (5/20)
were Indian, 15% (3/20) were Malay, and 5% (1/20) was White.
The monthly household income was SGD $6000–8000 (US
$4500-6000) for 25% (5/20) of the participants, SGD
$8000-10,000 (US $6000-7500) for 20% (4/20), SGD
$10,000-15,000 (US $7500-11,000) for 20% (4/20), SGD
$4000-6000 (US $3000-4500) for 15% (3/20), less than SGD
$4000 (US $3000) for 15% (3/20), and more than SGD $15,000
(US $11,000) for 5%(1/20). The median monthly household
income in Singapore in 2019 was SGD $9425 (US $7000) [29].

Thematic Analysis
Four main themes were identified: (1) use of conversational
agents, (2) ubiquity of smartphone apps, (3) understanding of
diabetes, and (4) barriers and facilitators to a healthy living in
Singapore (Figure 2).

Figure 2. Themes and subthemes identified from analysis of interview transcripts.

We present each theme below, along with subthemes and
excerpts that highlight different facets of the theme.

Theme 1: Use of Conversational Agents

Definition of Conversational Agents
Many participants were able to provide a definition for what a
conversational agent was by mainly using the key words AI
programme or virtual call centre with which one can
communicate. Participants were also aware that conversational
agents were readily available at all times of the day. Existing
applications include car insurance, public transport, web-based

shopping, banking, and airline services. A couple of participants
were unfamiliar with this term.

Beneficial Features and Suggestions for Future
Interventions
They shared their views on what makes a conversational agent
appealing. Conversational agent preferences included accuracy
of information, interactivity, visual aids, text, predefined options,
a group component, novelty, good reach, incentives, appropriate
tone, frequency, duration, and bidirectional communication.
Seven participants showed a preference for visual aids (ie,
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images and videos) as well as text when communicating with
the conversational agent.

Predefined options were preferred over AI if the conversational
agent was not sufficiently programmed to deal with more
complex questions and requirements. Two participants indicated
a liking for peer support in a conversational agent intervention
to support their behavior change. Some participants wanted
novelty to be introduced in the conversational agent’s delivery
method to avoid the routine from becoming too monotonous
and boring to continue:

But that one was not very good because they cannot...
It becomes a pattern. Once they get used to it, then
people will try to run away from the pattern. [P15]

Novelty was proposed in the timing of message delivery and
message format. For example, some may provide educational
information or reminders for healthy behaviors and others, a
quick tip for the day.

Conversational agents that had a good reach (ie, were relevant
to a wide range of age groups) were most appreciated.
Participants mentioned that web-based or digital health platforms
such as apps and conversational agents would be well received
by the younger population. They indicated a need to present all
the relevant information, advice, and reminders on healthy living
to older populations who may be less tech savvy by employing
simple technology or supplementing with nondigital means.
Conversational agents that offered incentives in the form of
rewards or discounts were also of interest. Two participants
explicitly indicated greater interest in using those apps or
conversational agents that, for example, provided discounts for
grocery shopping, or coupons for redemption.

Participants had varied views on a suitable frequency and
duration of interaction, ranging from daily to weekly. The
average suggestion from all 20 participants was a 2-3 days a
week frequency, for a duration <20 minutes. Participants were
generally indifferent to the tone of a conversational agent but
did mention that layman terms should be adopted, and generally,
a friendly and informal tone was preferred. Bidirectional
communication (where the user can respond and talk to the
conversational agent) was preferred over unidirectional
communication (where only the conversational agent talks and
the user consumes information). Nine participants shared that
bidirectional communication would give them the option to ask
questions to the conversational agent, clarify doubts, or ask for
more information on a topic of interest:

I think two way should be an option. In case like there
are any questions or anything you might want to
follow up with. Or as well as like… you’re interested
in something, you can like ask for a contact or they
could get you to a website for more information or
somewhere that kind of thing. [P05]

Unfavorable Traits
Participants also shared instances in which conversational agent
use was unfulfilling. Five participants had negative experiences
in the past, where the conversational agents they encountered

were unable to answer their questions or provided irrelevant
answers:

When I had questions, they were not answered
appropriately. So, I had to resort to calling them.
[P09]

Others indicated that sometimes they were unsure of the
conversational agent’s level of intelligence and realized through
the interaction that the agent was not sufficiently artificially
intelligent to address their more complex questions. In such
cases, they would then prefer a simpler agent (with predefined
options) that could fulfill its tasks more seamlessly.

Theme 2: Ubiquity of Smartphone Applications
(Specifically Messaging and Health Apps)

Use of Mobile Apps
As conversational agents are frequently embedded in existing
messaging apps or implemented as standalone apps, we explored
participants’ use and opinions of messaging and health apps.
All participants mentioned that they used messaging apps, and
17/20 (85%) used health apps. The messaging apps used were
WhatsApp (Facebook Inc), Facebook Messenger (Facebook
Inc), Telegram (Durov Software), WeChat (Tencent Holdings
Limited), and LINE (Naver Corp). These were used mainly for
communicating and socializing, sometimes in large groups.
Some use it as a means of sharing information for educational
and professional purposes.

A variety of health apps were mentioned with Healthy 365 and
step trackers were the most frequently used. Other apps were
MyFitnessPal, AIA vitality, Fitbit, Samsung Health, Health
Promotion Board app, Nike Run Club, Chronometer (monitor
nutrition), and Stride (habit tracker).

Beneficial Features
Specific smartphone app features and functions that make apps
more favorable for use were discussed. Eight participants
attributed the beneficial features of these apps to fulfilling a
necessity, ease of use, engagement (promoted by the availability
of stickers), and their multifunctionality, such as texting, calling,
and video calling.

Something else participants shared which promotes smartphone
app use, is the provision of incentives:

And then for the Healthy 365 app by HPB (Health
Promotion Board is a Singapore Government
organisation), I use it to redeem the rewards and
participate in their promotional activities and
programs. [P17]

Limitations of Apps
Two participants reported that sometimes the content and
frequency of messages could be too overwhelming to deal with.
The accuracy of the app content was sometimes questioned by
participants (2/20, 10%), with different apps reporting different
numbers for the same measure.

Theme 3: Understanding of Diabetes
We explored the participants’ understanding and knowledge of
diabetes, prediabetes, and the sources of information that they
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used to obtain relevant information. Understanding their current
level of knowledge and what information they need more
exposure to could be incorporated into a healthy lifestyle
conversational agent to prevent diabetes and prediabetes in the
general population.

Diabetes
All participants were able to provide a definition of diabetes,
some more comprehensive than others. Five individuals
mentioned insulin or the inability of the body to control their
blood sugar level, which is too high. Four participants stated
that diabetes requires one to reduce sugar intake.

They were also aware that there may be a need to take
medication and that there is no cure for diabetes. Participants
shared the impact of diabetes on their health. Five participants
were aware that diabetes can affect other parts of the body and
lead to other illnesses, including kidney failure, stroke, high
blood pressure, and limb amputations.

Regarding impact on one’s life, participants mentioned that
diabetes affects families, ability to exercise, and breathing, and
can lead to higher medical expenses:

Having good health to be drained away. And then,
how does this affect families concerned...I was told
that people with diabetes may not be able to exercise
actively. Have to change the type of exercise that they
do. Sometimes breathing will be affected, also. [P14]

Prediabetes
Fifteen participants were able to define prediabetes, stating that
it was a condition where someone is at a borderline risk of
developing type 2 diabetes. Two individuals reported that
prediabetes was reversible:

Basically, you are at risk of diabetes if you don’t
change the way you live your life, or your diet. [P20]

Other participants were very unfamiliar with the term
prediabetes (5/20, 25%) and acknowledged that diabetes was
more commonly talked about:

I always saw this like pretype or something number
2 or something like that so I don’t really understand
it as well [P08]

Sources of Information
The sources of information that they used to learn more about
diabetes varied. Some shared that their personal experiences
with diabetic family members helped them to be educated on
diabetes and its implications (2/20, 10%):

And you know when she (mother) was around, there’s
a diabetes society or something we used to go and
visit, attend talks and yea, somewhere in(…) it’s quite
near my place actually but after she passed away uh
I’m not involved in anything anymore [P01]

Others mentioned the government’s role in educating the public
on diabetes, prediabetes, and healthy living and how the
government can further influence the public in the near future
(3/20, 15%):

But from what I used to experience, the government
does have certain policies acting through MOE
(Ministry of Education). For example, last time we
used to have no fried food in canteen. I suppose they
must be doing something with school canteens
because of the diabetes. [P17]

In addition, participants mentioned that a dearth of sufficient
information was readily available to them, causing a barrier to
awareness on healthy living (6/20, 30%). Some participants felt
that the older generation may have less information because of
lower levels of technological competency in searching for
information on the web.

Participants proposed additional means to improve information
availability and population awareness. Some of these methods
include advertisements on the television and internet, as well
as a display of the number of calories for each food item at
hawker centers (food courts with affordable local meals):

and also there could be more awareness like you know
when we go to restaurant or maybe hawkers more
information could share like the calories. Because
yea I know some hawker centres they do show but it
didn’t exactly show the number of calories for all the
food. [P08]

Knowledge Gaps
Participants identified some areas where they thought societal
understanding was low and should be addressed in the future.
One such example was more information on physical and
psychological changes for a healthier lifestyle:

What the individual lifestyle changes that they can
make or consider to make. [P12]

Yes. Definitely. I think when you are more stressful,
then your sugar goes up too. [P20]

Mental health. [P15]

They made specific references to education on the importance
of healthy eating and physical activity. One participant felt that
instead of learning more, it was more important to apply what
is already known about diabetes.

Further information on symptoms, prevention, risk factors, and
awareness of being at risk were of interest. In addition, there is
a need for more information on the implications of diabetes, its
management, and sources of support:

Maybe even things like prognosis if you are
diagnosed, how are you going to manage it. If they
need help, who can they look for. [P11]

Theme 4: Barriers and Facilitators to a Healthy Living
in Singapore

Influencers of One’s Lifestyle Choices
Participants shared their existing lifestyle habits and the factors
that enable or hinder healthy living. These barriers are helpful
indicators of what a future conversational agent can aim to
address when administering advice, education, and support for
healthy lifestyle changes.
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They first discussed the relationship between their existing
lifestyle choices and how this relates to their perceptions of
current body weight. Some participants reported dissatisfaction
with their current weight. They perceived themselves as either
too heavy (9/20, 45%) or underweight (2/20, 10%).

Participants also highlighted the existing factors which drive
their lifestyle choices.

Convenience

Convenience was a big factor. This was relevant regarding food
available in the close vicinity, as well as the convenience of
having a gym or group exercise class easily accessible to them.

Cost

Cheaper food was preferred because of its affordability, over
more expensive, healthier options. Participants also indicated
a desire to engage in group exercise sessions, but only if they
were affordable:

The biggest problem we have here is the price of
healthy food. It’s just infinitely more costly. For
example, some salad can cost you six, SGD $7 (US
$5), whereas chicken rice can cost you SGD $3 (US
$2). You cannot possibly eat salad every day even if
you are earning okay. But if you are one of those that
are low income, definitely you will go for three-dollar
chicken rice every day. And in the long run, it just
causes a lot of problems. [P17]

Maybe I'd join Zumba. I like that kind of thing but I'm
thinking about affordability and the convenience.
[P18]

Personal Preferences

Some participants chose to eat food based on their personal
preferences (5/20, 25%). Similarly, they chose to engage in
physical activities that they enjoyed or suited their schedules:

Because I know that I’m not really hectic with the
exercising, so I would tend to think that my house is
three bus stops away from the interchange, so I will
tell myself let’s just walk from the MRT back home,
so at least it’s some walking activity for me. [P18]

Social Activities

Some participants chose what to eat based on the kinds of social
activities they engaged in and the food available there (3/20,
15%). Furthermore, their social life was influenced by the
amount of exercise they could do as more time spent socializing
left less time for physical activity (2/20, 10%).

Advertising and Marketing

Marketing of food was a factor influencing the kind of food
they decided to eat in a day (2/20, 10%):

It just depends on what I feel like eating or maybe a
bit of marketing as well. For example, if McDonald’s
has a new menu, then I might just go for it [P17]

Nutritional Value

Nutritional value of food determined whether participants chose
to eat it:

If I look at the menu item and then it looks like this
is 600 calories, which is top of the list out of the whole
list of things that I’m looking at, I would think twice
about eating it

It does have some sort of impact knowing that you
are intentionally consuming so much. You will trigger
some automatic response to self-regulate. [P17]

State of Mind

Some participants mentioned that their mood or state of mind
largely determined the food they decided to consume (4/20,
20%). For example, when upset, stressed, or in a bad mood,
they gravitated toward food that was more comfortable than
healthy. Likewise, their state of mind also influenced their
physical activity (3/20, 15%):

like after a long day of work, I’m not like oh I’m going
to go to the gym you know? Like nah I just want to
stay at home and relax. [P05]

Barriers to Healthy Living
Participants shared some barriers to healthy living.

Dining Out

Having to dine out on a regular basis meant that participants
had no control over the nutritional value of their food:

Sometimes if you like to go to a restaurant and you
hope that there’s not so much MSG (monosodium
glutamate–flavour enhancer) its really beyond your
control to tell the chef hey I don’t want more… I don’t
want the MSG or I want less salt. I mean you can tell
them less salt. But pre-prepared stuff usually its hard.
[P06]

Lack of Appeal

Two participants mentioned that healthy foods tend to have an
unappealing taste and texture, which discouraged its
consumption:

Eating healthy, sometimes, they say is very bland,
very tasteless. No fried is something without aroma.
So, eating healthy sometimes lack of the aroma. And
then they say it’s either very too liquid, or so tasteless,
that is the thought they have. [P14]

Health Condition

One participant shared that a health condition (brain tumor)
brought about compulsive eating habits, which caused her to
deviate from a healthier diet.

Fear of Injury

Two participants also mentioned a fear of injury or internal
damage to their bodies, which may be caused by physical
activity, preventing them from exercising. Hence, this fear
became a barrier to a more active lifestyle:

but there is also a fear that at a certain age there is
some wear and tear in the body. [P14]
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Lack of Free Time

Long working hours were associated with less free time and,
hence, less frequent exercise. This lack of work-life balance
also exacerbates stress:

whether I have time to dock off for a run or not. It
really depends because most of the time, I’m actually
working quite late…. I think for myself would
definitely be work stress…. So myself sometimes I
work 15 to 16 hours a day. [P08]

Specific Events

Specific events, such as unexpected incidents, can disrupt an
individual’s equilibrium and cause stress. Similarly, events such
as exams can negatively impact sleep schedules. Changes in
weather, such as a hazy or wet period in Singapore, can prevent
individuals from being physically active if there is a preference
to exercise outdoors.

Lack of Knowledge

Lack of knowledge was mentioned by several participants
(11/20, 55%) as a barrier to healthy living. For example, some
participants had trouble going to bed early and did not know
how to fix this problem. Others were unsure about how to
manage their stress, and hence, the problem persists until they
find or learn a solution:

I’m having a bit of difficulty here because I’m
experiencing a new sort of stress after coming back
from my maternity leave. So, that’s why I don’t really
know what to tell you because I think I haven’t really
learned how to manage the stress. [P13]

Facilitators of Healthy Living
Participants shared some factors which can help to promote
healthy living.

Early Intervention and Knowledge Building

Building knowledge on healthy living from a young age was
stated as a promoter. Building more as an adult on existing
knowledge of the importance of healthy behaviors could
positively influence individuals.

Reminders

Although the knowledge may already be there, reminders were
cited as a way to reiterate healthy eating behaviors. Participants
also requested education on calorie counting, which would
promote healthier eating:

So, maybe when it comes to before lunchtime, two
hours, tell them this is a suggested meal, then it’s a
guideline. Because everybody like to hold their phone,
and then the message pops up, and they say, oh, yes,
why not, I go and try. [P14]

Incorporate Activity Into Existing Routines

Sourcing out alternative methods of reaching the recommended
weekly level of physical activity and how to be more active in
general were found to be helpful. These came in the form of
efficient exercising or reducing the amount of time spent sitting
after a meal:

So, yes, I only exercise 15 minutes each time. But I
try to keep it more vigorous. So, yes, I do HIIT kind
of training. So I do that about four or five times a
week maybe. I think that there’s more yield in doing
vigorous exercise over moderate exercise. So in terms
of the efficiency, the amount of time you need to
spend, so I try to do more of HIIT. [P20]

Empowering Oneself

Empowering individuals to provide services for themselves as
much as possible—for example, making homemade food was
suggested to be an effective way of eating healthier. Engaging
in exercise at home and setting up their own workouts were also
mentioned. Similarly, healthy self-management of stress in the
form of therapeutic activities, for example, was cited as a good
way to maintain a healthier lifestyle:

So I have a treadmill at home and I use that. Like I
walk as I’m doing some work on my laptop. So I try
to incorporate that. Or I might do maybe like 10/15
minutes of yoga or cardio or something just around
the house yea wherever I can. [P05]

Group Support

It was proposed by 4 participants that group support, which
evokes a collaborative spirit could encourage more physical
activity:

If I did it with other people, like with friends and stuff
yea, you could make it like a group effort. Then it’ll
be easier because then there are other people to
monitor you, just for yourself. [P05]

Internal Motivators

Internal motivators, such as wanting to be healthy in the present
and future, encouraged individuals to take ownership and eat
healthily.

Discipline

Enforcing some discipline with regard to eating on time,
drinking enough water, and planning meals for the week were
all suggestions for promoting a healthier diet:

But personally, I do my own meal prep actually. So,
I cook for three days, so three of the lunches is
covered for me. [P11]

Having good discipline and planning slots for physical activity
were mentioned as effective methods for developing a more
active lifestyle. Discipline in developing and sticking to a
bedtime routine that involves winding down, relaxing, and
reducing screen time as well as cutting down caffeine intake
were proposed by participants to improve sleep habits.
Recommendations for disciplining food intake through
moderation involved a balance of healthy and unhealthy foods,
controlling portion sizes (overall quantity and food pyramid
recommended portions), and restricting unhealthy food items.
These choices were cited as effective promoters for healthy
living:

For example, bubble tea right, everybody likes bubble
tea, so to me I will limit myself to buy that maybe once
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every two months, take that as a reward for myself,
yes, that’s what I’d do. [P18]

Moderation

One participant recommended establishing moderation at work
to have a more work-life balance to reduce stress levels:

And I think having a good balance, life, social life,
helps as well, that it’s not just work. [P11]

Participants also mentioned compensating for sleep over the
weekends to moderate overall sleep quantity.

Discussion

Principal Findings
To our knowledge, this is the first qualitative study to investigate
the public’s perception of conversational agents for a healthy
lifestyle change intervention in Singapore.

Participants’ perceptions of conversational agents were
discussed, where they offered definitions, usage experiences,
and preferential features. These are pivotal in informing the
design elements for a feasible and acceptable conversational
agent initiative in a health care setting in Singapore. Participants
shared their views on the ubiquity of smartphone apps, whereby
messaging apps were a necessity for daily communication,
social, educational, and professional purposes. This is an
important point, as conversational agents can be embedded in
messaging app platforms that are most familiar to the target
population for easy adoption. Health apps were used for a variety
of purposes such as step tracking, health tracking (nutrition,
water intake, and habit tracking), or pairing with a Fitbit watch.
The fairly diverse patterns of use indicate an inclination to adopt
mHealth solutions for numerous purposes. Furthermore,
participants’ views on the beneficial and limiting features of
apps and conversational agents are highly relevant and should
be considered when developing a health conversational agent
for this population. Participants shared their existing knowledge
on diabetes, prediabetes, and their existing sources of
information. In addition, they offered their views on what
constitutes healthy living with a focus on diet, exercise, sleep,
and stress as well as thoughts on the barriers and facilitators of
healthy living in Singapore. The culture of eating out in
Singapore was said to be fueled by affordable hawker centers,
fast food, and fast-paced life, which does not allow much time
for food preparation at home. Frequent dining out, high stress
levels, lack of work-life balance, and lack of free time to engage
in physical activity were some of the common complaints
hindering a healthier lifestyle. In addition, work-related stress
has been implicated in poor sleep quality and quantity.
Participants proposed that these barriers could be tackled with
some self-discipline, preplanning, and sticking to a routine for
healthier living patterns. Given the ubiquity of smartphones,
the avid use of messaging apps and an inclination to use mHealth
initiatives and awareness of these barriers and facilitators for
healthy living could be communicated to the population via a
conversational agent.

Comparisons With Existing Literature
Lim et al [30] explored the barriers and facilitators of healthy
eating in Singapore in 2019. This study noted that components
that encouraged healthy eating included self-discipline, fear of
disease complications, education by a health professional and
mass media, and health promotion campaigns [30]. Participants
in our study also mentioned self-discipline as a strong facilitator
and acknowledged the presence of health promotion campaigns
but did not cite these as influencers of their lifestyle choices.
Furthermore, fear of disease complications and education by
health professionals was possibly more relevant in Lim et al
[30], as participants were recruited from polyclinics and were
already diagnosed with prediabetes. This also points out the
need for a more hybrid approach when it comes to more
high-risk populations (such as those with prediabetes), as HCP
involvement would be necessary in addition to a conversational
agent. Furthermore, the lack of skills to prepare and choose
healthy foods was shared as a difficulty in healthy eating [30].
This barrier was also noted as a limitation to a healthy diet in
our study. Participants added that a lack of time to do grocery
shopping, prepare and cook meals was due to their hectic
schedules, making dining out a more convenient, but often less
healthy, compromise.

Another study noted that healthy eating and physical activity
were the main preferred components for health education and
communication in patients with prediabetes in Singapore [31].
A similar outcome was implicated in our study, but we also
considered the components of sleep and stress for a more holistic
view of healthy living. Other necessities for health
communication were risk and prevention of diabetes [31]. These
were also included in the qualitative analysis. In addition,
participants shared an interest in information on where to go
for help if they were at risk or diagnosed with prediabetes or
diabetes.

Other existing studies have investigated novel conversational
agent interventions, with some reporting on the acceptability
and usability of these agents. However, an extensive needs
assessment analysis, such as the one presented here, for a
conversational agent intervention has not been performed so
far in the Singaporean population. A scoping review of
conversational agents showed that qualitative data were
presented in some studies to show the acceptability and
satisfaction of these interventions, namely, participants’opinions
of an already developed intervention [14]. These parameters
were often reported with Likert scale ratings, but not
comprehensively or thematically [32,33].

In a study on behavior change in overweight adolescents, high
compliance to conversational agent intervention was attributed
to a rewarding game system [34]. This finding aligns with the
suggestions from participants in this study that incentives will
be well received and will contribute to their willingness to use
the conversational agent. Other studies have examined the use
of conversational agents for chronic conditions, including
diabetes, and reported a preference for the features of
conversational agents that allowed for personalization [35].
Personalization was also noted as an advantageous trait in our
study participants.
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Ta et al [36] discussed the type of support provided by a popular
chatbot available on app stores, Replika, with generic
capabilities such as stress management and social support. Based
on the analysis of public user reviews and a survey conducted
with participants recruited via social media in the United States,
companionship was the greatest form of social support users
identified. They attributed this to Replika’s ability to use a range
of message types (eg, text and images) and appear human-like.
Similarly, interviewees in our needs assessment supported the
use of visual aids in addition to text. Although they did not
indicate specific personality preferences or the need for the
conversational agent to be human-like, a general inclination
toward a friendly and informal tone was identified.

Studies on physicians’ perceptions of conversational agents
have indicated their apprehension toward agents that are unable
to comprehend the emotional state of vulnerable patients and
have dissuaded their use in cases where expert medical
knowledge and skills are required [37]. However, they have
supported the use of conversational agents to support, motivate,
and coach patients. In the same way, we aim to develop a
conversational agent to support a healthy lifestyle change by
understanding the needs and preferences of prospective users
via this needs assessment.

Implications for Future Work
Future digital interventions aimed at encouraging diabetes
prevention in the general population to promote and prolong
healthy living can incorporate the content-and delivery-specific
options highlighted in Textbox 1.

These suggestions include improving knowledge in areas
directly relevant to diabetes prevention, building up an
awareness of risk factors, symptoms, and prevention methods,
as well as the complications and consequences of diabetes and
prediabetes. Future applications can also explore expanding
actionable advice on how to apply the knowledge participants
acquired to healthy living.

It would be beneficial to help users improve their skills related
to food choices, calorie counting, and stress management.
Advice on healthy eating should be mindful of the Asian diet
that most Singaporeans are familiar with and have a preference
for. In relation to calorie counting, the usefulness of sharing
information on the number of calories in frequently consumed
food items in Singapore hawker centers should be examined.
Stress management techniques relevant to establishing a
work-life balance would potentially be beneficial, as this is a
common complaint in Singapore, as disclosed by our
participants. In addition, teaching participants time management

skills may help to reduce overall stress, providing time and
motivation for physical activity, meal preparation, and a bedtime
routine. Again, the outcomes of this intervention would need
to be evaluated.

Options to reach the weekly recommendation for physical
activity, such as increased efficiency, safe exercise options, or
suggestions to see a doctor for more personalized advice can
be made via a digital conversational agent. Regarding group
exercise, cheaper options or even web-based options may be
listed. This approach comes with the added benefits of
convenience (no traveling) and affordability. Recommendations
on alternative methods of exercising, which do not require
participants to be outdoors, could be suggested to overcome
barriers related to the weather, such as home workouts. A
conversational agent could also reinforce the existing promoters
of physical activity, for example, reminding them of the feelings
of contentment they will experience.

Participants in our study also provided informative
recommendations for the delivery of future digital health
interventions, focusing on healthy lifestyle behavior changes.
App or conversational recommendations are proposed. These
factors have enhanced user experience in the past. They also
shared the components they wish to see and would enjoy using
in future applications.

Future developments should investigate personalizing the
conversational agent to the user’s preferences (timings, advice,
etc), enabling easy use, making the exchange engaging, and
introducing some novelty to boost user experience. The tone,
personality, and language used by the conversational agent
should also be adapted to suit the target population (eg, being
friendly and using language with a level of complexity familiar
to the target population). Some additional considerations, which
could be included, are incentives, such as rewards or discounts
for groceries, and group support, as participants indicated a
preference for these.

On the basis of this study, we are developing a rule-based
conversational agent pilot intervention that incorporates
recommendations from the participants, including educational
information on the definitions and implications of diabetes and
prediabetes, as well as actionable advice on healthy eating,
physical activity, stress management, and healthy sleep patterns.
All the information to be included in the intervention will be
evidence-based. We will also incorporate visual aids to
supplement the text, and preprogramed options will be provided
for the user to choose from, to introduce some degree of
bidirectional communication.
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Textbox 1. Recommendations on content and delivery for future conversational agent interventions for healthy lifestyle behavior change.

Content and delivery for future conversational agent interventions

• Content

• Furthering knowledge on:

• Implications of diabetes and prediabetes

• Awareness of being at risk

• Symptoms and prevention methods

• Actionable advice on:

• How to apply the knowledge gained on healthy living

• Further development of skills relating to:

• Eating healthily

• Calorie counting

• Options available for meeting the weekly recommendation for physical activity

• Stress management

• Time management

• Type of content:

• Novel—up to date

• Trustworthy—evidence based

• Delivery

• Personalization of content

• Advice on how to incorporate exercise into one’s specific schedule, availability of facilities and preferences

• Habit formation – how to discipline your healthy eating, drinking water, physical activity and bedtime routine

• Suitable frequency and duration

• Ask participants for their preference

• Offer options for participants to choose from

• Easy use

• Predefined options for better efficiency if AI is not yet maximized

• Engaging

• Use stickers and visual aids

• Make the conversation bidirectional so the user can be part of the exchange and can ask questions if necessary

• Relevant to target population

• Tone, personality and language used by the conversational agent to be easily understood, relevant and appropriately tailored for the
target population

• *Additional considerations to keep users keen and engaged in the interventions

• Incentives, such as rewards and vouchers

• Group support, for example, chat channel for participants to communicate with others using the same conversational agent to share
advice and motivate each other
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Strengths and Limitations
In our study, we recruited and interviewed a sample of 20
participants who were ethnically diverse and covered a wide
age range (23-60 years). The collected data were coded in
parallel by 2 researchers, with the development and application
of a common coding framework through a series of discussions.
Our findings may also be applicable to other high-income or
technologically savvy Asian countries. Although 20 participants
were adequate for this analysis, we would aim for a larger
sample size in future studies for greater validity and
generalizability.

We extrapolated the focus of this study from healthy living to
diabetes and prediabetes prevention. To this regard, we managed
to provide suggestions on healthy living not only in the context
of wellness but also as a means of preventing conditions of great
burden in Singapore—diabetes and prediabetes.

There is a possibility of recruitment bias. The participants were
all from Facebook groups and pages with an interest in healthy
living. Their opinions may be somewhat skewed as they already
came with some knowledge and interest in a healthy lifestyle
and some technological competency. In addition, despite our

purposive sampling, 16/20 (80%) of our participants were female
because of the interest shown by the study volunteers. Both of
these reduce the generalizability of the findings as they may
not be entirely representative of the Singaporean population at
large.

Conclusions
The participants provided valuable insights on their existing
knowledge and sources of information on healthy living and
diabetes. They also shared their current patterns of use of
messaging apps, health apps, and their views on potential
conversational agents, which have not yet been used for health
care purposes in Singapore.

In addition, they offered opinions about the importance of
healthy living and diabetes prevention, likely to be reflective
of a significant part of the at-risk population. Preferences for
conversational agents and use of smartphone app were also
discussed. Finally, they shared views on barriers and facilitators
of healthy living. Our findings can be used to inform the
development of future conversational agent interventions and
similar mHealth initiatives that target healthy lifestyle behavior
changes.
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Abstract

Background: Mental health is a highly stigmatized disease, especially for young people. Due to its free, accessible format,
college students increasingly use video-based social media for many aspects of information needs, including how-to tips, career,
or health-related needs. The accessibility of video-based social media brings potential in supporting stigmatized contexts, such
as college students’ mental health. Understanding which kinds of videos about college students’ mental health have increased
viewer engagement will help build a foundation for exploring this potential. Little research has been done to identify video types
systematically, how they have changed over time, and their associations on viewer engagement both short term and long term.

Objective: This study aims to identify strategies for using video-based social media to combat stigmatized diseases, such as
mental health, among college students. We identify who, with what perspective, purpose, and content, makes up the videos
available on social media (ie, YouTube) about college students’ mental health and how these factors associate with viewer
engagement. We then identify effective strategies for designing video-based social media content for supporting college students’
mental health.

Methods: We performed inductive content analysis to identify different types of YouTube videos concerning college students’
mental health (N=452) according to video attributes, including poster, perspective, and purpose. Time analysis showed how video
types have changed over time. Fisher’s exact test was used to examine the relationships between video attributes. The Mann-Whitney
U test was used to test the association between video types and viewer engagement. Lastly, we investigated the difference in
viewer engagement across time between two major types of videos (ie, individuals’ storytelling and organization’s informational
videos).

Results: Time trend analysis showed a notable increase in the number of (1) videos by individuals, (2) videos that represent
students’ perspectives, and (3) videos that share stories and experiential knowledge over the recent years. Fisher’s exact test found
all video attributes (ie, poster, perspective, and purpose) are significantly correlated with each other. In addition, the Mann-Whitney
U test found that poster (individual vs organization) and purpose (storytelling vs sharing information) type has a significant
association with viewer engagement (P<.001). Lastly, individuals’ storytelling videos had a greater engagement in the short term
and the long term.

Conclusions: The study shows that YouTube videos on college students’ mental health can be well differentiated by the types
of posters and the purpose of the videos. Taken together, the videos where individuals share their personal stories, as well as
experiential knowledge (ie, tips and advice), engaged more viewers in both the short term and long term. Individuals’ videos on
YouTube showed the potential to support college students' mental health in unique ways, such as providing social support,
validating experience, and sharing the positive experience of help-seeking.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e31944 | p.295https://formative.jmir.org/2021/11/e31944
(page number not for citation purposes)

Choi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:heejun.kim@unt.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


(JMIR Form Res 2021;5(11):e31944)   doi:10.2196/31944

KEYWORDS

mental health; college student; social media; YouTube; help-seeking; experiential knowledge; video types; content analysis; time
distribution analysis; depression; anxiety; student; knowledge; stigma; strategy; engagement

Introduction

Preface
Postsecondary education represents a peak onset period for
mental disorders [1]. Studies showed mental health disorders
affect 12%-46% of all university students at any given year
[2-4]. However, due to stigma, embarrassment, and preference
for self-reliance, only 1 in 5 receives minimally adequate
treatment [3]. On the other hand, young adults look for social
support and encouragement from others as aids for the
help-seeking process [5].

Studies showed college student communities rely heavily on
YouTube for both academic and entertainment purposes [6,7].
YouTube, the most popular video-sharing website and the
second most popular social media website after Facebook, had
2 billion users as of 2020. A new video is uploaded every
minute, and, on average, a user spends at least 15 minutes a day
on the site [8,9]. As a result, researchers have been increasingly
examining YouTube as a source of health information, including
descriptions of various health conditions such as rheumatoid
arthritis, weight loss, infertility, anxiety, acute myocardial
infarction, and attention deficit disorder [10]. In these studies,
the analysis focused on the validity of shared content as factual
information about the diseases, prognosis, and symptoms. While
misinformation is a significant challenge in social media, one
of the benefits of social media is peer support and the personal
experiences of others that may be difficult to access otherwise,
mainly due to the stigma around sharing about one’s mental
illness [11,12].

Studies showed videos containing personal narratives and
experiential knowledge are associated with higher viewer
engagement and are preferred sources for seeking mental health
information [13]. However, one thing that remains unclear about
this type of video is their growth rate pattern [14], which is a
critical measure for engagement and can be predictive of
popularity. No studies of YouTube videos on health have
examined growth patterns and what it means to generate
constructive and engaging videos that serve as long-lived
resources for the target audience. Despite the imminent need,
studies have underexplored how video-based social media, such
as YouTube, provide a supportive environment for stigmatized
diseases such as mental health among college students.

This work investigates how social media provides an
environment in which individuals who are susceptible to stigma
can benefit from others’ personal narratives and experiential
information. To address this goal, we first conducted a
systematic search of YouTube videos. We then performed a
qualitative content analysis to identify key categories for video
attributes such as poster, perspective, and purpose. Then we
looked at a distribution of the video attributes over time. Finally,
using the categories developed from the content analysis, we

performed statistical analyses (ie, Fisher’s exact test and
Mann-Whitney U test) to investigate (1) the relationships among
the video attributes and (2) the association between video
attributes and viewer engagement measures such as views, likes,
dislikes, and comments.

The findings inform our understanding of the videos published
about college students’ mental health, such as what types of
videos are published on college students’ mental health, which
has become more common over time, and how viewers are
engaging them. This finding is essential for informing future
work and provides insights for improving some videos for
greater engagement.

Background
College students’ mental health has posed a significant concern
in higher education. A WHO (World Health Organization)
survey in 19 colleges across 8 countries showed nearly 35%
(4894/13984) of college student interviewees met DSM-IV
criteria for at least one mental disorder in lifetime and 31%
(4335/13984) in the last 12 months, where anxiety and mood
disorders were the most prevalent [15]. Other studies have
reported similar or even higher prevalence rates of mental
disorders among college students [1,16-18]. However, mental
health service utilization among this population can be low. A
survey study showed, among students with mental disorders,
only 36% received any treatment in the past year [19]. The
barriers to receiving the treatment include stigma,
embarrassment, and preference for self-reliance [5]. On the
other hand, students are more open to receiving help when the
help is provided through social support and encouragement
from peers [20,21]. Due to these reasons, college students are
more likely to search for informal alternatives, such as going
online [22,23].

Peer support exchanged through social media has received much
attention in the research community. By sharing personal
experiences and providing emotional support among those with
a similar background, researchers examined how internet-based
peer support through social media (eg, community forum and
YouTube) can positively impact behavior change and health
outcomes [24]. Peer engagement and social support can facilitate
college students’ help-seeking for mental health issues. Peer
support on social media, combined with college students’heavy
use of YouTube [6,7], presents the potential of YouTube videos
to encourage college students to acknowledge their mental health
issues and seek and receive help. However, there is a lack of
investigation on video content, genre, and viewer engagement,
especially concerning engagement over time. Therefore, it is
critical to investigate how YouTube videos can support this
population (ie, what kinds of videos are available related to
college students’ mental health and how the viewers have
engaged these videos over time). Understanding the content
and the types of videos that effectively engage people will help
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identify and evaluate ways to bring support mechanisms through
nonclinical means of communication such as social media.

We conducted a content analysis and statistical analysis of
YouTube videos related to college students' mental health and
their engagement metrics to address this gap. In addition, we
discuss implications for how organizations, groups, and
individuals can use video-based social media platforms to
support stigmatized conditions that can benefit from peer
support.

Research Question
RQ1: What types of videos are available on YouTube
regarding college students’ mental health?

We investigate the video types available on YouTube regarding
college students’ mental health by identifying the following
attributes of a video: poster, perspective, and purpose. We also
examine how the distribution of the identified categories for
each video attribute changes over time and if there is a
systematic relationship between the video attributes.

RQ2: Do video types have associations with viewer
engagement?

We investigate whether the types of video, as defined by video
attributes, have any associations with viewer engagement
measured by the number of views, likes, dislikes, and comments.
We further examine if a video type (ie, individual’s storytelling
video vs organization’s informational video) has an association
with long-term viewer engagement.

Methods

Data Collection
We conducted a keyword search of YouTube videos concerning
the mental health of college students. We formulated search
keywords based on three topical categories: illness, population,
and context. For the illness-related keyword, we selected 4 top
symptoms of college students receiving mental health services
from the 2019 Center for Collegiate Mental Health Annual
Report, including depression, anxiety, social anxiety, and
academic distress. Based on Consumer Health Vocabulary, we
changed these into more commonly used terms, “depression,”
“anxiety,” and “stress” [25]. We also included an overarching
term, “mental health,” in this category. For the
population-related keyword, we used “college student(s)” and
other terms including “university student(s)” and “campus”
after reviewing related search terms that YouTube suggested
with “college student(s).” We extracted context-related
keywords from the initial search results retrieved by illness and
population keywords. The goal was to reflect a variety of
contexts in which the videos can be sought and used by college
students. We then combined the terms from each category
(illness, population, and context) and used it as a search query
(see Textbox 1).

To alleviate biases from Google’s personalization algorithms,
we developed a Python (version 3.8.5; Python Software
Foundation) script that drives an Incognito Chrome browser
and enables anonymous searches from YouTube. The script ran
all the possible combinations of keywords as a query and parsed
video IDs from retrieved videos. These IDs were then passed
over to the YouTube API to collect metadata (eg, video
description, publication date, views, likes, dislikes, and
comments) associated with each video.

Textbox 1. Categories and search keywords.

Illness: Depression, anxiety, stress, mental health

Population: College student, university student, campus

Context: How to, life

Examples of search query: Depression college student how to, anxiety university student how to, mental health campus life, etc

One word from each category was used at a time to construct a query.

The search was conducted between May 28, 2020, and May 30,
2020, which resulted in 1930 videos. After removing duplicates,
860 unique videos were obtained. Next, 2 authors screened the
video's title and description based on the exclusion criteria (ie,
the link is no longer active or not in English) and the inclusion
criteria (ie, the video is about college students and mental
health). This screening process yielded 452 videos. The 408
videos eliminated during the screening include students
preparing for college rather than students enrolled in college or
those about general health, not mental health.

Data Analysis

Content Analysis
To address RQ1, we conducted an iterative, inductive content
analysis [26]. We identified and categorized relevant information

on 3 specific video attributes: (1) poster, (2) perspective, and
(3) purpose. The analysis was conducted using the title, written
description, and the content of the video. The analysis was led
by 1 coder (first author), while the whole team of 4 researchers
iteratively discussed the codes and reached a consensus on the
most salient code names and descriptions from the data. The
coder then revisited the originally coded data and recoded those
data using the revised coding scheme developed as a team. We
iterated this process until the team agreed upon a final set of
code names and definitions. Then we identified categories of
related themes across the codes. These categories will be
presented as findings for each video attribute.
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Statistical Analysis
First, we applied time distribution analysis to demonstrate how
the distribution of categories of each video attribute changes
over time. We plotted the occurrences of the categories of video
attributes by year. Additionally, we performed Fisher’s exact
test to investigate the relationship between video attributes. We
used Fisher’s exact text instead of the chi-square test because
our data had categories with a low-frequency value, and using
the chi-square test with low cell counts (ie, less than 5) could
lead to increased type I errors.

To address RQ2, we first performed the Mann-Whitney U test
to examine the association between video attributes and viewer
engagement scores (ie, views, comments, likes, and dislikes).
The Mann-Whitney U test, also known as Wilcoxon rank-sum
test, can test differences between 2 groups when the data is not
normally distributed. Specifically, we examined the following
attributes: poster (individual vs organization), perspective
(student vs domain expert), purpose (storytelling vs sharing
information), and poster combined with the purpose (individual
+ storytelling vs organization + sharing information). We
compared these specific categories because those were the main,
distinct categories that make up the videos on college students’
mental health by the content analysis. The viewer engagement
scores were normalized to control the confounding effects of
exposure time. In other words, the scores (eg, the number of
views) were divided by each video’s exposure time. We used
R (version 3.6.2; R Core Team) for all statistical analyses.

Lastly, we demonstrated the association between video attributes
(specified above) and long-term viewer engagement. This
analysis chose the number of comments from the 4 engagement
scores as a dependent variable because we believed it to be a
more meaningful measure for viewers’engagement with a video.
Prior work also suggests that commenting reflects a higher
engagement level than viewing or liking as it involves
expressing one’s opinions or feelings in public [27]. Since we
had uneven distribution between the groups to be compared (eg,
more videos by individuals than organizations), we randomly
selected the same number of videos for each group from those
published between 2013 and 2019. Then we compared the
number of comments in the years following the publication year
(n+0, n+1, n+2…where n is the publication year).

Results

Below, we discuss the findings in response to the two research
questions:

1. RQ1: What types of videos are available on YouTube
regarding college students’ mental health?

2. RQ2: Do video types have an association with viewer
engagement?

Finding 1. Video Types on YouTube About College
Students’ Mental Health

Overview
We first present categories identified for the following video
attributes: poster, perspective, and purpose of a video. A relative
frequency (the portion of times a category occurred in our data)

is presented in parentheses. We then show how the distribution
of video types has changed over time based on video attributes.
Lastly, we present how the video attributes are correlated with
each other.

Video Attributes

Poster

We identified 5 categories for poster types: (1) individual (55%),
(2) media (19%), (3) university (18%), (4) health-related
organization (6%), and (5) other organization (2%). Individual
was coded when a video was created and published by a single
individual or a small group of individuals such as a student
group. Many of these individuals were college students who
either have experienced or are currently experiencing mental
health issues. Media included news outlets, television shows,
and professional content production groups (eg, TED).
University referred to the university itself and
university-affiliated organizations that provide mental
health-related services to students (eg, student counseling
center).

Perspective

We identified 5 mutually inclusive categories for the purpose
of the videos. Student’s perspective (74%) was the most often
represented in the videos, followed by domain expert (32%),
others (17%), and amateur coach (7%). Domain expert included
mental health experts or those who have expertise in advising
students. Amateur coach refers to people who play a role of an
advisor based on their life experience while not having
credentials in a traditional sense. For example, a public speaker
or a podcast host who offers advice on mental health issues was
coded as amateur coach.

Purpose

We identified 5 mutually inclusive categories for the purpose
of the videos. Sharing experiential knowledge was the most
frequently identified (58%), followed by sharing information
(42%), sharing stories (39%), promoting help-seeking (23%),
and sharing awareness (16%). Sharing experiential knowledge
was coded when a person in a video shares what they learned
from their first-hand experience of mental health. The most
common theme under sharing experiential knowledge was
sharing tips and advice. Those tips and advice include “strategies
to cope with stress and anxiety” (V304), “how to beat depression
in college” (V26), “how to deal with stress, anxiety, and
depression” (V31), etc. Experiential knowledge is distinct from
factual knowledge in 3 significant ways. First, it is drawn from
people’s lived experiences, thus more relatable to someone
undergoing similar issues. Second, it is often shared to help,
support, or guide others. Third, it has a practical value in that
viewers can incorporate such tips and advice into the everyday
practice of their lives. For example, a person in V312 stated,

…so, I’m going to share with you guys what worked
for me, and hopefully, you guys might be able to take
some sort of advice from it. Maybe even adopt it and
change it into what works for your life.
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Sharing information included videos that deliver factual
information about mental health (eg, symptoms, causes and
treatments, statistics) within and outside an educational setting.

Sharing stories included videos that share personal mental health
stories in a narrative style. Some common themes under sharing
stories included offering emotional support and sharing an
ordinary day of a college student with a mental health issue.
Offering emotional support referred to cases where a person in
a video showed emotional support for their viewers while
disclosing their personal issues. For example, the poster of V56
said,

I opened up to you guys a bit more than I ever have
before; I was hesitant to keep that part in the video
but decided to push myself out of my comfort zone
because hopefully, it helps someone know they're not
alone.

In addition, we saw college students share their ordinary days
to demonstrate what it is like to be a college student with a
mental health issue. For example, the poster of V303 had a
series called “uni vlog,” where he showed how he reacted to
and coped with a stressful situation in a vlog format. Another
poster (V81) discussed her motivation for vlogging as

You can gain a perspective as to what it is for one kid
who goes through this and that […] My main goal is
to create a vast database of experiences for people
to see so they can learn before they have to make the
same mistake.

Promoting help-seeking included videos that conveyed
help-seeking messages. Help-seeking included not only getting
professional help but also talking to friends or family about
mental health problems. For example, a poster of V235 said,

Don't be afraid to ask for help. We need to stop feeling
like we are super-human. We are really not.

Posters also encouraged others to seek help by sharing their
experience of getting professional help during their mental
health journey. For instance, the poster of V59 said,

I refused to go to therapy for many years…but looking
back…No. Go to therapy. Talk about your emotions.
You have to get it out. You are going to have to
process those emotions eventually, so just start trying.
Go to therapy as much as possible. I promise,
regardless of your personal type, it helps.

Similarly, the poster of V48 said,

If you have depression, or you suspect that you have
depression, I’d encourage you to try to reach out to
a therapist. Maybe you need to just talk to someone.
Believe me, I thought that I would never reach out to
get professional help. I thought that was completely
out of the question. I'm just telling you, if I can do it,
you can do it. Trust me.

Video Types Over Time
Based on the identified categories for each video attribute, we
looked at how the types of videos posted on YouTube about
mental health have changed over time. First, there was a
significant increase in videos posted by an individual compared
to an organization (Figure 1). Second, the number of videos
representing students’perspectives has increased over the years
compared to other perspectives, such as domain experts and
amateur coaches (Figure 2). Third, the number of storytelling
videos has shown the most significant increase among
all-purpose types in the past few years (Figure 3). While
educational videos were the most prevalent before 2015, videos
sharing personal stories and experiential knowledge have
surpassed them since 2016.

Figure 1. Type of poster by year.
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Figure 2. Type of perspective by year.

Figure 3. Type of purpose by year.

Relationships Between Video Attributes
We further investigated the relationships between video
attributes to see if specific attributes tend to co-occur more.
According to Fisher’s exact test, all combinations of our video
attributes showed a significant relationship with each other.
First, poster type significantly correlated with the perspective
type (P<.001). As shown in Table 1, individuals’ videos were
more likely to include students’ perspectives in their videos,
while organizations’ videos were likely to include both student
and domain expert perspectives. Poster type and purpose type
were also correlated (P=.03). As shown in Table 2, individuals’

videos primarily focused on storytelling and sharing experiential
knowledge, while organizations’ videos focused on sharing
information. Lastly, perspective type significantly correlated
with the purpose type (P<.001). As shown in Table 3, videos
representing students’perspectives share stories and experiential
knowledge, while videos with domain experts’ perspectives
share information. Each cell in Tables 1- 3 presents the number
of co-occurring attributes and the percentage in parenthesis. As
mentioned above, the categories for perspective and purpose
were not mutually exclusive, which means a video could be
coded as more than one category.
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Table 1. Number and percentage of poster versus perspective.

PerspectivePoster

Others (n=65)Family member (n=2)Amateur coach (n=31)Domain expert (n=116)Student (n=293)

15 (3.8)0 (0)16 (4.0)31 (7.8)189 (47.6)Individual (n=251), n (%)

Organization (n=258), n (%)

34 (8.6)2 (0.5)8 (2.0)32 (8.1)47 (11.8)Media (n=123) 

12 (3.0)0 (0)4 (1.0)34 (8.6)44 (11.1)University (n=94) 

1 (0.3)0 (0)2 (0.5)16 (4.0)8 (2.0)Health-related org (n=27) 

3 (0.8) 0 (0)1 (0.3)3 (0.8)5 (1.3)Other org (n=14) 

Table 2. Number and percentage of poster versus purpose.

PurposePoster

Share awareness (n=64)Promote help-
seeking (n=93)

Share stories (n=237)Share information (n=155)Share experiential
knowledge
(n=158)

30 (7.6) 39 (9.8)165 (41.6)52 (13.1)107 (27.0)Individual (n=393), n (%)

Organization (n=314), n (%)

16 (4.0)15 (3.8)36 (9.1)52 (13.1)19 (4.8)Media (n=138)

13 (3.3)33 (8.3)29 (7.3)31 (7.8)20 (5.0)University (n=126)

4 (1.0)4 (1.0)5 (1.3)17 (4.3)8 (2.0)Health-related org (n=38)

1 (0.3)2 (0.5)2 (0.5)3 (0.8)4 (1)Other org (n=12)

Table 3. Number and percentage of perspective versus purpose.

Purpose, n (%)Perspective

Share awareness
(n=96)

Promote help-seeking
(n=122)

Share stories (n=283)Share information
(n=248)

Share experiential
knowledge (n=190)

52 (5.5)68 (7.2)227 (24.2)77 (8.2)115 (12.2)Student (n=539)

29 (3.1)35 (3.7)32 (3.4)97 (10.3)39 (4.2)Domain expert (n=232)

1 (0.1)7 (0.7)7 (0.7)13 (1.4)23 (2.4)Amateur coach (n=51)

2 (0.2)0 (0)2 (0.2)2 (0.2)0 (0)Family member (n=6)

12 (1.3)12 (1.3)15 (1.6)59 (6.3)13 (1.4)Other (n=111)

Finding 2. The Association of Video Type With Viewer
Engagement
This section presents the association between video types and
viewer engagement measured by the number of views, likes,
dislikes, and comments. Content analysis informed us that the
2 most distinct types of YouTube videos regarding college
students’mental health could be characterized by the poster and
purpose attributes. Thus, we used poster, purpose, and a
combination of those two attributes to define video types to
compare.

The Association Between Video Type and Viewer
Engagement
According to the Mann-Whitney U test, type of poster, purpose,
and poster combined with purpose had significant differences
on all measures of viewership engagement (Table 4).
Specifically, individuals’ videos (vs organizations’ videos) and
storytelling videos (vs informational videos) demonstrated
significantly higher viewer engagement than their counterparts.
Not surprisingly, individuals’ storytelling videos also
demonstrated higher viewer engagement than organizations’
information videos.
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Table 4. Viewer engagement by video types.

Engagement scores Compared video types

Comment count Dislike count Like count View count 

Poster type (individual vs organization) 

0.0200.0010.0963.120Individual, median

0.0000.0000.0081.011Organization, median

9449.514214.510374.014303.5Mann-Whitney U

<.001<.001<.001<.001P value

Purpose type (sharing stories vs sharing information)

0.0110.0010.0612.790Storytelling, median

0.0000.0000.0050.681Sharing information, median

10563.014174.010207.512853.0Mann-Whitney U

<.001<.001<.001<.001P value

Poster + purpose (individual + sharing stories vs organization
+ sharing information)  

0.030 0.0020.1313.502Individual + sharing, median

0.0000.0000.0050.744Organization + sharing information, median

3257.55943.53482.05446.0Mann-Whitney U

<.001<.001<.001<.001P value

The Association Between Video Type and Viewer
Engagement Over Time
Figure 4 shows how the association between video type (ie,
individual’s storytelling vs organization’s informational videos)

and viewer engagement varies over time. Individuals’
storytelling videos had a significantly higher engagement at the
time of posting and continued to attract more engagements than
organizations’ informational videos after some time since
posting.

Figure 4. Number of comments by poster-purpose type (individual-sharing stories versus organization-sharing information).
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Discussion

Principal Findings
This study sought to understand the videos available on
YouTube regarding college students’ mental health (RQ1) and
the relationships between video types and viewer engagement
scores (RQ2).

We found an increasing number of individuals posting videos
on YouTube to share their experiential knowledge and personal
stories related to mental health. The trend has gotten more robust
over time. Individuals’ storytelling videos were associated with
greater engagement (ie, views, likes, dislikes, and comments)
than organizations’ informational videos. Moreover, individuals’
storytelling videos seem to continue getting engagement (in
terms of the number of comments) sometime after the posting.
This finding might indicate that users seeking mental
health-related videos about college students on YouTube may
want to see and hear from those in a similar situation talking
about their first-hand experience. Indeed, previous studies found
that people use social media platforms for peer support [28,29].
In our data, individuals’ storytelling videos seem to meet such
needs among college students, especially considering that many
of the storytelling videos are intended to offer emotional support
and share everyday life from the first-person perspective.
However, we need a careful examination to know the causal
relationship between video types and viewer engagement scores.

Personal stories shared in individuals’ videos can have other
specific benefits. Many of these videos included individuals’
recovery narratives. Previous research noted positive outcomes
of patients receiving recovery narratives, including
connectedness, hope, stigma reduction [30], and validation of
experience [31]. Lack of a benchmark can hinder people from
recognizing their symptoms, resulting in a barrier to
help-seeking [32]. In this regard, the first-hand experience
shared in individuals’ videos on YouTube can serve as a
reference point while providing validation to college student
viewers with mental health issues. This approach can be
especially beneficial to individuals whose cultural background
may be more prone to the stigma around decreased mental health
than others, such as African-American [33] or Asian populations
[34]. This benefit will be sustainable if YouTube, as a platform,
provides culturally sensitive, accessible information and
experience sharing in those populations.

We also found that individuals’ videos frequently share
experiential knowledge, which referred to experience-based tips
and advice. This content includes activities and mindsets that
one can incorporate into their daily lives to improve mental
health or better cope with a specific mental health issue (eg,
social anxiety). Previous research suggests that people choose
to use social media platforms instead of search engines to seek
other people’s recommendations and advice on how to manage
mental health in particular [35,36] and learn from it, especially
among young people [37]. The growing prevalence of videos
that share experiential knowledge suggests a potential benefit
of giving college students viewers access to other people’s lived
experiences.

It is worth noting that the portion of individuals’ videos that
promote help-seeking (39/397, 9.8%) was comparable with that
of organizations’videos (54/397, 13.5%) in this study. Previous
research found that patients’ perceived treatment outcome is
prone to social influence from other patients’ shared experiences
[38]. Moreover, our study shows that individuals’ videos get
more engagement than organizations’. This finding suggests
that individuals’ videos promoting help-seeking while sharing
their mental health journey could influence viewers to have a
positive attitude towards help-seeking, including formal mental
health clinics and services.

Our findings suggest that organizations (eg, universities,
health-related organizations) may benefit from incorporating
the communication styles used in individuals’ videos when
reaching college students about mental health on a large scale.
For instance, universities can promote their mental health service
by including individual students’ anecdotes about their
experience using the service to improve their mental health.
Some organizations’ videos included clips of students being
interviewed in our data, but many of them were either too short
or formal. Organizations may gain greater engagement and
increase help-seeking among college student viewers by
incorporating more informal personal narratives in delivering
mental health-related content.

Strengths and Limitations
Our study has several strengths and limitations. We provided
multiple pieces of evidence that allude to the growing popularity
and engagement of individuals’ storytelling videos, including
the changing prevalence of videos with different attributes and
the association between video types and viewer engagement.
As far as we know, no previous research has investigated viewer
engagement with videos on the topics of college students’mental
health over time. We included this analysis to see if the trend
of individuals’ storytelling videos getting more engagement
holds over time. We then subsequently discussed how those
individuals’ videos could support college students with mental
health issues in more detail based on the qualitative analysis
conducted to identify categories of video attributes. We used
quantitative measures such as the number of views, likes,
dislikes, and comments. Although these measures available
from YouTube allow us to gauge the popularity and accessibility
of videos, they do not inform if and how videos impact viewers’
mental health. To investigate the actual impact of videos with
specific attributes, in our future work, we plan to expand our
data collection to include college students’ responses to different
types of videos.

Conclusions
Our study defined different mental health-related videos
intended for college students based on video attributes (eg,
poster and purpose) and examined engagement with those
different video types. Our findings show individuals’ videos
that share stories and experiential knowledge have become more
popular over time and tend to gain more engagement from
viewers for both the short term and long term. Such videos may
attract and sustain engagement due to their benefits to college
students with mental health issues, including peer support,
validating experience, learning from others’ experiences, and

JMIR Form Res 2021 | vol. 5 | iss. 11 |e31944 | p.303https://formative.jmir.org/2021/11/e31944
(page number not for citation purposes)

Choi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


encouraging help-seeking. While the quality of health
information on social media platforms is debatable, it is essential
to consider that there are different types of mental health needs
of college students that can be more effectively addressed by
individually-generated content on social media such as

YouTube. When making interventions targeting help-seeking
for mental health issues among college students, incorporating
the communication styles used by individuals on social media
such as storytelling will be strategic.
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Abstract

Background: Teenage pregnancy remains high with low contraceptive prevalence among adolescents (aged 15-19 years) in
Sierra Leone. Stakeholders leverage multiple strategies to address the challenge. Mobile technology is pervasive and presents an
opportunity to reach young people with critical sexual reproductive health and family planning messages.

Objective: The objectives of this research study are to understand how mobile health (mHealth) is used for family planning,
understand phone use habits among young people in Sierra Leone, and recommend strategies for mobile-enabled dissemination
of family planning information at scale.

Methods: This formative research study was conducted using a systematic literature review and focus group discussions (FGDs).
The literature survey assessed similar but existing interventions through a systematic search of 6 scholarly databases. Cross-sections
of young people of both sexes and their support groups were engaged in 9 FGDs in an urban and a rural district in Sierra Leone.
The FGD data were qualitatively analyzed using MAXQDA software (VERBI Software GmbH) to determine appropriate
technology channels, content, and format for different user segments.

Results: Our systematic search results were categorized using Grading of Recommended Assessment and Evaluation (GRADE)
into communication channels, audiovisual messaging format, purpose of the intervention, and message direction. The majority
of reviewed articles report on SMS-based interventions. At the same time, most intervention purposes are for awareness and as
helpful resources. Our survey did not find documented use of custom mHealth apps for family planning information dissemination.
From the FGDs, more young people in Sierra Leone own basic mobile phones than those that have feature capablilities or are
smartphone. Young people with smartphones use them mostly for WhatsApp and Facebook. Young people widely subscribe to
the social media–only internet bundle, with the cost ranging from 1000 leones (US $0.11) to 1500 leones (US $0.16) daily. Pupils
in both districts top-up their voice call and SMS credit every day between 1000 leones (US $0.11) and 5000 leones (US $0.52).

Conclusions: mHealth has facilitated family planning information dissemination for demand creation around the world. Despite
the widespread use of social and new media, SMS is the scalable channel to reach literate and semiliterate young people. We
have cataloged mHealth for contraceptive research to show SMS followed by call center as widely used channels. Jingles are
popular for audiovisual message formats, mostly delivered as either push or pull only message directions (not both). Interactive
voice response and automated calls are best suited to reach nonliterate young people at scale.

(JMIR Form Res 2021;5(11):e23874)   doi:10.2196/23874

KEYWORDS

young people; short message service; SMS; chatbot; text message; interactive voice response; IVR; WhatsApp; Facebook; family
planning; contraceptives; Sierra Leone
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Introduction

Sierra Leonean Context
Sierra Leone has a young population with an estimated 39.4%
aged 15 to 35 years [1]. Pregnancy rates are high among
adolescents. According to the 2013 Sierra Leone Demographic
and Health Survey, overall 28% of adolescents aged 15 to 19
years have begun childbearing [2]. Among adolescents aged 15
to 19 years with no education, 46% have already started
childbearing, which is more than double compared with 22%
of those with secondary and higher education [2]. In Sierra
Leone, cultural norms, low literacy, and limited access to
information make young people prone to misinformation and
inadequate knowledge of their sexual reproductive health and
rights. Adolescents and young people hold many common myths
and misconceptions about sexual reproductive health and family
planning. A total of 36% of adolescents in the lowest wealth
quintile have started childbearing compared to 14% in the
highest wealth quintile [2].

Sierra Leone has low contraceptive use. Among the currently
married, contraceptive use in young women aged 15 to 19 years
is 8% [3]. Overall, urban dwellers have a high contraceptive
prevalence of 26.6% compared with rural dwellers, with a
prevalence rate of 13%. Myths, misinformation, and long-held
traditional beliefs about contraceptives and long-term side
effects on health, including infertility, are pervasive. The
government is using different approaches to address these
barriers, including awareness creation. Traditional contraceptive
information dissemination methods use multichannel and
engagement schemes as detailed in the national strategy to
reduce adolescent pregnancy [4].

Funding from the United Nations Population Fund with the
United Kingdom Department for International Development
supports Sierra Leone’s Government in developing and
deploying a mobile-enabled family planning information
awareness program. Researchers are increasingly using
formative research to understand the best entry strategy, aid
planning, and design interventions. Similarly, qualitative
research is accepted in health programs and research [5] and is
mainly used in formative research. Digital health, “the
systematic application of information and communications
technologies, computer science, and data to support informed
decision-making by individuals, the health workforce, and health
systems to strengthen resilience to disease and improve health
and wellness” [6], often benefits from formative research–based
design.

Mobile Technology
Mobile technology (mHealth) can democratize access to critical
sexual reproductive health and family planning information by

reducing barriers such as stigma and fear often experienced by
young people. Digital-enabled awareness can help eliminate
traditional economic, geographic, and literacy constraints.
Evidence shows that mobile technology, when appropriately
applied, can help improve knowledge and awareness of end
users [7] and caregivers [8]. Mobile phone ownership is
emerging as a measure of socioeconomic status for underserved
regions of the world [9]. Evidence from Kenya, with similar
socioeconomic demographics as Sierra Leone, shows that mobile
phone ownership is directly proportional to educational status,
wealth, and having fewer children [9]. In Sierra Leone,
technology is playing a pervasive role in several sectors,
including the health care sector. Sierra Leone has an estimated
79 connected mobile SIM per 100 population teledensity [10].
The global pandemic occasioned by COVID-19 has shown the
impact of technology in general and mHealth, particularly for
information and services [11]. Emerging technologies beyond
mHealth are increasingly being adopted for health and social
service delivery [11]. There is an increasing surge in mobile
apps for service delivery, particularly maternal and child health
[12]. Similarly, policy makers are prioritizing digital
technologies for strategic health care improvements [13].

Study Objective
This study is formative research to aid the design of a
technologically appropriate and culturally relevant mHealth
intervention in Sierra Leone. The specific objectives of the
formative research were as follows:

• Understand the global trends on the mobile phone for family
planning information dissemination

• Explore how young people in Sierra Leone use mobile
phones

• Understand the needs and barriers to family planning
information and services

• Gain information to support the design of a technology
appropriate and culturally relevant mHealth intervention

The sections that follow detail the approach, main findings, and
study recommendations.

Methods

This formative study involved a systematic scholarly literature
search and review and focus group discussions (FGD).

Literature Review
We systematically searched 6 databases considered
representative of both family planning (contraceptives) and
mobile technology. We conducted a systematic search including
relevant published papers from 2000 to 2019. We used the
search keywords in Table 1 and their extensions.
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Table 1. Search terms and returned results.

TotalWeb of
Science

Springer-
Link

PubMedEBSCOIEEEaScopusSearch terms

5072528336126235SMS AND family planning

9060102Chatbot AND family planning

805556437Interactive voice response AND family planning

59360141144179366mHealth AND family planning

501442111WhatsApp AND family planning

473323711425724Facebook AND family planning

2518200920410Twitter AND family planning

388122575928131Hotline AND family planning

3691106114915124Call center AND family planning

18701726117YouTube AND family planning

5681538630113123SMS AND contraceptive

5030101Chatbot AND contraceptive

885637607Interactive voice response AND contraceptive

3853410474127244mHealth AND contraceptive

401360201WhatsApp AND contraceptive

461133452460019Facebook AND contraceptive

2212195111003Twitter AND contraceptive

33752117131019Hotline AND contraceptive

2302789411045Call center AND contraceptive

183516151002YouTube AND contraceptive

5363226321770670340471Total

aIEEE: Institute of Electrical and Electronics Engineers.

The search identified 5363 papers. After deduplication and
removal of nonrelevant items through title screening, 104 papers
remained. Titles were screened for inclusion if they reflected a
combination of both technology and reproductive health. For
technology, the keywords of interest were mobile, SMS,
WhatsApp, Facebook, Twitter, YouTube, website, video, voice,
call, call center, or their app synonyms. All returned results
were included in an Excel (Microsoft Corp) research information
template through this process. The 104 article abstracts were

then reviewed for context and paper type. Our context of interest
was citizen-facing mHealth interventions for family planning.
Paper types included were conference publications and journal
articles. Only 47 papers were included after screening the 104
abstracts and excluding 57 publications for no implementation
or not being related to our context. The number of items deemed
eligible for full-text review came to 47 papers. See Figure 1 for
our PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) process to review the 47 papers.
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Figure 1. PRISMA flowchart on our systematic review of global mobile health research focused on family planning.

We used the Grading of Recommended Assessment and
Evaluation (GRADE) scheme to categorize the outcome of our
full-text review and analysis into communication channels,
audiovisual content format, intervention purpose, and message
flow direction [14].

Focus Group Discussions
To better understand and engage stakeholders and end users
(young people) who may be affected or impacted or who may
influence mHealth intervention outcomes, we conducted a series
of FGDs. The interactions helped gather feedback on how young
people use mobile phones and their internet use habits, phone
ownership, and expense patterns.

Participant Recruitment
We conducted the FGDs in 2 districts, one predominantly urban
(ie, Freetown–Western Area Urban) and the other mostly rural
(Moyamba). Moyamba district also has high early marriage
with a median age of marriage being 17.5 years, below the
national average, 18.2 years, and below the age of consent [15].
Also, 36.8% of girls in Moyamba have begun childbearing by
age 18 years [16]. This is high compared to overall, with 28%
of adolescents aged 15 to 19 years having begun childbearing.
Target participants in both districts were purposely selected for
each group targeting 5 to 10 participants in each group. Within
each district, 4 groups were targeted as follows:

• Junior and senior secondary school students (male and
female) to target end users with basic literacy, aged 14 to
18 years

• Youth corps members (male and female) to target end users
with postsecondary education, aged 19 to 24 years

• Community learning center (CLC) participants to target
females aged 14 to 24 years for nonliterate end users

• Village welfare committees, consisting of community
members with authoritative knowledge of young people in
the community

CLCs are centers where out-of-school girls learn and participate
in vocational activities. Conversely, the village welfare
committee is a variable member committee that oversees the
community members’ welfare. Their work spans health,
education, and environmental welfare issues, and they generally
represent the parents and gatekeepers for young people in their
communities. The National Youth Service Corps (NYSC) group
are graduates undergoing a 1-year national service. The group
of school counselors provides counseling services to secondary
schools. In all, we conducted 9 FGDs with target participants
from NYSC, CLC, secondary school, village welfare, and school
counselors, as shown in Figure 2. Table 2 further illustrates the
number, distribution, and characteristics of participants in the
9 FGDs in Freetown and Moyamba districts. The semistructured
discussion guide was pretested with 5 participants: a nurse, 2
secondary school pupils, and 2 college students prior to the
FDGs.
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Figure 2. Focus group segments.

FGD Approach
Discussions were conducted in the Krio language for all 9
groups. Each session started with an introduction to the purpose
of the visit and discussion using the research information
template as in the guide introduction. Informed consent was
sought from participants, each having a copy of the consent

form and the facilitator reading the text in the Krio language.
Each consenting participant was required to sign a consent form
without providing personal information. The transcripts were
transcribed following key themes in the semistructured
questionnaire immediately after each group session. The only
quantitative data are the aggregate number of participants and
their aggregate demographics.
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Table 2. Characteristics of focus group discussion participants.

DistrictAge (years)GenderParticipantsDiscussion sitesDays 2019

Western Urban23-25Mixed5Pretesting FGDa toolAug 19

Western Urban18-24Mixed7Secondary school (junior and senior)Aug 21

Western Urban>18All female4National Youth Service CorpsAug 22

Western Urban14-19All female10Community learning centerAug 21

Western Urban>23Mixed7Village welfare committeeAug 22

Moyamba14-19Mixed10Secondary school (junior and senior)Aug 29

Moyamba14-23All female8Community learning centerAug 28

Moyamba>24Mixed10Village welfare committee and nursesAug 29

Moyamba>24Mixed11School counselorsAug 28

Western Urban>18Mixed10National Youth Service CorpsSep 4

aFGD: focus group discussion.

Data Coding and Analysis
We identified and organized the FGD transcripts into key themes
and coded using MAXQDA Analytics Pro (version 20.2, VERBI
Software GmbH) [17]. The transcripts were coded by FGD,
demography, phone ownership, phone type, phone use, phone
top-up, phone expense, internet subscription, internet use, sexual
and reproductive health (SRH) information access, language
preference, current SRH medium, preferred SRH medium,
comfort discussing SRH, and preferred SRH content. We then
performed grouping using constant comparative analysis of
these themes adapted from grounded theory proposed by Chun
Tie et al [18].

Ethics Approval
Approval was sought and obtained to conduct the study from
Sierra Leone’s Ministry of Health and Sanitation’s Ethics and
Scientific Review Committee on August 13, 2019. We did not
collect individually identifiable information during the FGDs.

Results

This section reveals the study findings and builds on existing
global research frameworks and insights from Gonsalves et al
[19] and McCarthy et al [20]. Findings from our systematic
literature search are presented first followed by results from the
FGDs.

Literature Review Findings: The Global State of
Mobile for Family Planning
Based on our GRADE evaluation, reviewed papers’ intervention
channels include games, Facebook, WhatsApp, chatbots, SMS,
interactive voice response (IVR), automated voice messages,
call centers, and YouTube, as illustrated in Table 3. Call center
and SMS are by far the most used channels from our findings.
No study intervention used custom app, WhatsApp, or Twitter
as an intervention channel. Similarly, the purpose of the majority
of these interventions in Table 3 is for contraceptive awareness,
followed by those providing resources for contraceptive
information and service. A few were for reminders, design, or
research purposes.

Table 3. Article distribution showing channels and purpose of intervention.

VideoYouTubeCall centerIVRa/au-
tovoice

SMSChat-
bots

TwitterWhat-
sApp

FacebookGamesChannel type

——————————bPurpose of intervention

[32][32,46][35,36,43-45][37,40-42][20,23,25-39]———[23,24][21,22]Awareness

———[40][47,48]—————Reminders

——[42,51-58][42][30,49,50][49]———[22]Help resource

——[63][58][60-62]———[59]—Feasibility and design
study

aIVR: interactive voice response.
bNot applicable.

IVR mobile content delivery channel has been used for maternal
health [64], postabortion care [40], and family planning [58].
The earliest was conducted in Cambodia in 2013 [40]. Although
most interventions did not indicate the language, those that did

were IVR-delivered contents, and the language of content
delivery was the local language (not English). SMS interventions
for family planning improved consumer knowledge by 14%
(from 9.9% to 18.2%) compared to a control group with limited
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knowledge [27]. No SMS intervention for family planning
studies discussed the language of delivery. Social media has
also been used in other regions for family planning–based
demand generation like the peer-led safe sex Facebook group
in China [59]. Other demand generation interventions include
serious games to enhance sexuality education for young
adolescents in Hong Kong [21]. Serious games use virtual
reality–enabled games with engaging family planning
information. A video-based mobile technology intervention has
equally shown promise among adolescents in the United States
[32]. In Kenya, the Shujaaz multimedia platform used various
channels ranging from comic radio programs, a Facebook

campaign, and SMS [23]. Most of the papers reviewed did not
provide details on the content structure.

Given the complexity in designing audiovisual interventions,
we further analyzed and categorized the audiovisual intervention
papers into message format and message direction. The SMS
intervention similarly has a 160-character limit with directions
push, pull, or 2-way interactive. Audiovisual messages were
delivered in drama or jingle style as shown in Table 4. Call
centers were mostly configured so that people call in. Some
interventions used multiple channels [32,35-37], while some
were designed for more than one purpose. The intervention by
Smith et al [40], for instance, is for awareness and reminders,
as shown in Table 3.

Table 4. Article distribution showing audiovisual formats and message direction.

Message directionMessage format

Two-wayPulled by recipientPushed to recipientJingle styleDrama style

[58]—b[37,40-42][37,40-42][58]IVRa/autovoice

—[36,40-45,52,54-57,63][35,42,48,51,53]——Call center

—[32]——[32]YouTube and videos

aIVR: interactive voice response.
bNot applicable.

FGD Findings

Mobile Phone Ownership, Subscription, and Use
Patterns
No participants in the CLC group in the Moyamba rural district
had a mobile phone, although they indicated sharing with their
family members (see blue in Figure 3A). The CLC group in the

Freetown urban district comprises participants who own
smartphones and basic mobile phones (blue). Those who have
used smartphones indicated subscribing exclusively to the social
media bundle (yellow) among the CLC groups. Figure 3A shows
these; both CLC groups credit or top-up their phones with 5000
leones (US $0.50) or less to make calls (brown). The voice call
credit (top-up) subscriptions were intermittent and far between
for the CLC participants, especially those with basic phones.
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Figure 3. Phone ownership, use, top-up, internet subscription, and internet use by focus group.

I sell top-up, and young people mostly buy 2000
leones.... Out of every 10 purchases, 8 of them will
be 2000 leones. [Village welfare committee
respondent]

Conversely, as shown in Figure 3B, all participants in the NYSC
group had phones. In the second NYSC group, all participants
had smartphones, most participants subscribed to a higher
internet plan, and only one participant subscribed to the social
media bundle. The majority of young people received their
phones as gifts from parents, relatives, or friends.

Some girls can get their phone from boyfriend.
[Moyamba district respondent]

I bought mine from a shop to pay back in installments.
[Moyamba district respondent]

I can’t use social media bundle because one can’t do
anything with it except Facebook and WhatsApp.
[NYSC respondent]

You cannot even watch YouTube videos with the social
media bundle. [NYSC respondent]

The NYSC participants’daily call credit use was less consistent
but much higher than most other groups.

I will credit an average of 20,000 leones [US $2.10]
to 50,000 leones [US $5.24] every now and then, and
refill when exhausted. [NYSC respondent]

[I] refill with 4000 to 5000 leones [US $0.42 to $0.52]
daily. [NYSC respondent]

I use unlimited internet plan that cost 500,000 leones
[US $55.56] because of my business. That is what
works for me because other internet plans exhaust
before the end of the month. [NYSC respondent]

Figure 3C illustrates the case for secondary school pupils.

Mobile Phone Use and Language
Participants in all groups were unanimous that WhatsApp group
discussion and texts happen mostly in English, while video and
audio messages or discussions are conducted mainly in Krio.

I only call with my phone and we speak Mende or
Krio language... [Moyamba CLC respondent]

Calls are almost exclusively in Krio or local dialect. When asked
if she sends SMS with her phone, she responded, “No.”

Until you understand and write English, you cannot
understand and write Krio. [School counselor
respondent in the village welfare committee]
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The qualitative analysis of responses from both districts, as
shown in Figure 4, indicates that young people in Freetown
preferred either English or Krio language, while those in
Moyamba sometimes prefer any of their local dialects (Mende

or Temne) in addition to English and Krio. The FGDs revealed
that the NYSC group uses WhatsApp the most, followed by
Facebook and then banking or mobile money apps.

Figure 4. Language preference distribution.

Young People’s Information Habits
In Figure 5, the color amber is for the current information
medium, and the color green is for the preferred information
medium based on focus group response analysis. The weighting

on the lines indicates how many groups indicated each option
from the transcript. WhatsApp group, SMS, voice message,
multimedia message, and posters at motor parks featured
prominently.

Figure 5. Distribution of current and preferred sexual and reproductive health information medium by district.

People from Marie stopes always bring their buses
with fitted speakers to parks and market places
around to promote family planning. [Moyamba CLC
respondent]

I subscribed for daily health information for 2500
leones per week by dialing *931# on the Orange
network. When there is no credit balance, the SMS
messages are delayed and get delivered as soon as I
top-up. [School counselor cohort respondent]

Some of the health topics discussed include rape, early
pregnancy, and early marriage. Peers are the medium

predominantly used for information clarification by secondary
school pupils.

Awuko news sends regular health information from
the Ministry of Health by SMS. [Moyamba CLC
respondent]

A WhatsApp group is considered an effective avenue for
message dissemination by this group. Secondary school pupils
discuss their sexual health with their parents. Participants who
own smartphones consistently showed a preference for
WhatsApp as a message receipt channel compared to call or
SMS channels.
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I think SMS may be better for disseminating
information compared to calls because you can refer
to it again after reading the first time, and you can
show others unlike calls. [NYSC respondent]

The NYSC group indicated they have more trust in messages
received via SMS, although they could not explain why they
think so.

SRH Information, Myths, Misconceptions, and Parents
Young people identified information on sexually transmitted
diseases and sexually transmitted infections as what they want

to hear about the most. This is followed by a preference for
information on how to prevent teenage pregnancy (see Figure
6). One issue identified was that parents and young people are
worried about the long-term effect of contraceptives. A
Moyamba CLC respondent told a story she heard from a friend
about “a girl whose hand was cut off because the implant caused
cancer.” When asked if she knew the girl in question, her
response was “no.” Another issue that a nurse in the community
welfare group tried to solve is one where “the parents force
young girls to take out already inserted implants.”

Figure 6. Distribution of preferred sexual and reproductive health information medium by district.

The nurse explained that this is rampant and that health workers
discourage this practice by increasing the cost of removal to
40,000 leones (US $4.44). As a result of these reasons, some
participants believe that some mothers fabricate myths to stop
their girls from taking these contraceptives for fear of
promiscuity.

Discussion

Our literature review, coupled with the FGDs, provided global
and local insight and context to help us decide on an appropriate
strategy for an mHealth for family planning intervention.

Understanding Global Trends in Mobile for Family
Planning Information Dissemination
Our systematic review revealed health information had been
delivered through mobile for maternal health [64], postabortion
care [40], and family planning [27]. An SMS campaign in
Kenya, for example, helped improve recipients’ knowledge by
14 percentage points [27]. The 1-way pull or push message
directions were predominant. Bidirectional intervention content
was featured only once in the literature. Communication
channels were Facebook, YouTube, SMS, voice calls, and call
center. Most research study interventions were on SMS and call
center, and none on WhatsApp or Twitter. We found from
aggregated studies that the educational background, language,
and phone ownership pattern directly correlate with the choice
of a delivery channel. Only literate users, for instance, can access
text-based content. Low-literate young people will be better
reached through voice-based delivery like IVR and
person-manned call centers. Low-literate users may not be
reachable with multimedia like videos due to their often limited
access to smart devices. Evidence of implementation or impact

of mobile demand generation initiatives for family planning is
still lacking in Sierra Leone.

Related to our systematic survey, a study surveyed the 2 popular
app stores for Android and iOS and found 5276 and 877 custom
apps, respectively, designed for maternal and child health [12].
These apps did not appear in our systematic literature search of
scholarly databases. There are 2 main reasons why this may be
so: (1) they may not have met the study inclusion criteria or (2)
they may not have had scholarly contributions at the time of
survey and writing.

Exploring How Young People in Sierra Leone Use
Mobile Phones
Mobile phone ownership appeared to increase with educational
attainment, as a pattern seems to have emerged when we
compared out-of-school young people at CLC or secondary
school pupils or NYSC members. Ownership of a mobile phone
is now considered an item of immense importance, and those
who do not have one indicated sharing with their family and
friends. To buttress this point, a participant told the following
story.

My friends will always make fun of me for not having
a phone. When I was opportune to volunteer for an
NGO and was paid a stipend, I did not save any of
the money. I went straight to the shop where I bought
the android phone...to avoid the shame. [Freetown
CLC respondent]

Despite this high interest, many young people still do not own
their mobile phones, possibly due to funding constraints. Sharing
mobile phones will often reduce the privacy of the content on
that mobile. Participants who use or own smartphones prefer
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WhatsApp and Facebook as the primary communication
channels.

Conversely, basic mobile phone owners are constrained to
performing essential phone functions: voice call and text
messages. The majority of smartphone users outside the NYSC
cohorts used the social media bundle, allowing Facebook and
WhatsApp access only. This may limit how much rich
multimedia content can be delivered to these young people.
Participants with a smartphone use a social media bundle
subscribed to daily. The expense pattern described indicates
that even participants who subscribe to a social media bundle
can miss out on any multimedia rich intervention even if they
may be interested as a result of funding constraints. Options
available will be to provide data to them for this or deliver
content that is not dependent on internet data but available
through the telecommunication network infrastructure.

Understanding the Need and Barriers to Family
Planning Information and Services
The users at the bottom of the phone ownership pyramid
understand Krio and their other local languages. These users
do not generally write for communication. This means that those
who cannot read in English cannot read in Krio, which
corroborates the earlier finding. In deciding an intervention
strategy, the user’s phone type is only one of many factors to
consider. There are other trade-offs to the final decision,
including available resources, intended time to market, and
technical implications. When users are asked without regard to
their affordability and current spending habits, massive
multimedia channels such as videos, social media, Mobi-sites,
and mobile apps then become viable channels. Among the
low-literate young people, there is a large proportion who still
do not have a mobile, and they can be reached via radio and
television.

Gaining Insights to Support the Design of
Technologically Appropriate and Culturally Relevant
mHealth Interventions
From the literature review and FGDs, it was determined that to
reach young people who have basic phones and are less literate,

an audio-based system that would need to be delivered to a basic
phone was necessary. The 3 options were either a call center,
prerecorded automated calls, or an IVR. On the other hand,
literate users with basic phones can be reached with text
messages in the form of SMS. However, this would only reach
a limited group, leaving out the most vulnerable. This has been
proven to be effective in other countries [27]. Moreover, it is
relatively less expensive and less technically involved once the
message content has been developed.

Conclusion
The high incidence of teenage pregnancy and low contraceptive
prevalence rate among young people necessitated the formative
research. The study would help inform the design of an mHealth
intervention as one component of broader efforts to delay sexual
intercourse among young people and increase demand for family
planning among those who are sexually active. The formative
research helped show that globally, SMS followed by call center
are the 2 widely used messaging channels. Audiovisual message
formats were either drama or jingles delivered as push or pull
only message directions (not both). For interventions that
indicated message direction, only 1 of 21 implemented 2-way
messaging; others were either push or pull 1-way messaging.

Solutions like automated SMS, call centers, IVR, chatbots,
Facebook, and YouTube have been used worldwide. For
scalability, the priority channels are SMS, call center, or IVR
because they can reach users with basic mobile phones who
make up most phone users among young people [10]. However,
the volume of content delivered per time is limited for the same
cost compared to other media-rich channels like videos,
animations, and audio. Although not widely researched,
multimedia channels like WhatsApp, Facebook, and video-based
mobile apps are an emerging area appropriate and engaging for
literate and affluent users. Young people’s education level and
socioeconomic disposition affect their mobile phone ownership,
phone use patterns, and access to health information. These
characteristics are relevant for designing appropriate mHealth
interventions in Sierra Leone and elsewhere.
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Abbreviations
CLC: community learning center
FGD: focus group discussion
GRADE: Grading of Recommended Assessment and Evaluation
IVR: interactive voice response
mHealth: mobile health
NYSC: National Youth Service Corps
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analysis
SRH: sexual and reproductive health

Edited by G Eysenbach; submitted 26.08.20; peer-reviewed by P Mechael, J Ye, N Mohammad Gholi Mezerji, T Scherr; comments
to author 06.10.20; revised version received 26.10.20; accepted 13.04.21; published 12.11.21.

Please cite as:
Chukwu E, Gilroy S, Addaquay K, Jones NN, Karimu VG, Garg L, Dickson KE
Formative Study of Mobile Phone Use for Family Planning Among Young People in Sierra Leone: Global Systematic Survey
JMIR Form Res 2021;5(11):e23874
URL: https://formative.jmir.org/2021/11/e23874 
doi:10.2196/23874
PMID:34766908

©Emeka Chukwu, Sonia Gilroy, Kojo Addaquay, Nki Nafisa Jones, Victor Gbadia Karimu, Lalit Garg, Kim Eva Dickson.
Originally published in JMIR Formative Research (https://formative.jmir.org), 12.11.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org,
as well as this copyright and license information must be included.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e23874 | p.321https://formative.jmir.org/2021/11/e23874
(page number not for citation purposes)

Chukwu et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2021/11/e23874
http://dx.doi.org/10.2196/23874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34766908&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Dropout From an Internet-Delivered Cognitive Behavioral Therapy
Intervention for Adults With Depression and Anxiety: Qualitative
Study

Kate Lawler1,2, BA, MSc; Caroline Earley1,2, MSc; Ladislav Timulak1, PhD; Angel Enrique1,2, PhD; Derek Richards1,2,
PhD
1E-Mental Health Research Group, School of Psychology, Trinity College Dublin, Dublin, Ireland
2Clinical Research and Innovation, SilverCloud Health, Dublin, Ireland

Corresponding Author:
Kate Lawler, BA, MSc
E-Mental Health Research Group
School of Psychology
Trinity College Dublin
College Green
Dublin
Ireland
Phone: 353 851510008
Email: lawlerka@tcd.ie

Abstract

Background: Treatment dropout continues to be reported from internet-delivered cognitive behavioral therapy (iCBT)
interventions, and lower completion rates are generally associated with lower treatment effect sizes. However, evidence is emerging
to suggest that completion of a predefined number of modules is not always necessary for clinical benefit or consideration of the
needs of each individual patient.

Objective: The aim of this study is to perform a qualitative analysis of patients’ experiences with an iCBT intervention in a
routine care setting to achieve a deeper insight into the phenomenon of dropout.

Methods: A total of 15 purposively sampled participants (female: 8/15, 53%) from a larger parent randomized controlled trial
were interviewed via telephone using a semistructured interview schedule that was developed based on the existing literature and
research on dropout in iCBT. Data were analyzed using a descriptive-interpretive approach.

Results: The experience of treatment leading to dropout can be understood in terms of 10 domains: relationship to technology,
motivation to start, background knowledge and attitudes toward iCBT, perceived change in motivation, usage of the program,
changes due to the intervention, engagement with content, experience interacting with the supporter, experience of web-based
communication, and termination of the supported period.

Conclusions: Patients who drop out of treatment can be distinguished in terms of their change in motivation: those who felt
ready to leave treatment early and those who had negative reasons for dropping out. These 2 groups of participants have different
treatment experiences, revealing the potential attributes and nonattributes of dropout. The reported between-group differences
should be examined further to consider those attributes that are strongly descriptive of the experience and regarded less important
than those that have become loosely affiliated.

(JMIR Form Res 2021;5(11):e26221)   doi:10.2196/26221
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Introduction

Background
The evidence base supporting internet-delivered cognitive
behavioral therapy (iCBT) in the treatment of depression and
anxiety is well established [1-5]. However, despite its apparent
efficacy, treatment dropout continues to be reported throughout
the literature [6]. Treatment dropout is most commonly defined
as ending without completing treatment at a predefined cutoff
point [7]. Some studies report that just more than half of patients
complete a full course of iCBT [8], which is problematic in
light of research associating lower completion rates with lower
effect sizes [5]. At the same time, we know that it is not
necessary for individuals to complete all the per-protocol
treatment to benefit clinically [8]. Therefore, what remains is
to try to understand dropouts distinctive from the binary
classifications of adherence versus nonadherence to a given
treatment protocol. Furthermore, considering that the goal of
web-based psychological therapies is to provide an
evidence-based and cost-effective treatment, help to reduce
therapist time and waiting lists, compensate for lack of trained
professionals, and alleviate the burden on mental health services
of meeting demands [9], it is important to understand web-based
treatment dropout to ensure maximal benefit for all involved.

To date, there has been a large body of quantitative research on
dropout from web-based psychological therapies that has
explored the associated variables to predict which individuals
may be more at risk [6,7,10]. Male gender, lower educational
levels, self-guided cognitive behavioral therapy (CBT)
interventions, and depression with comorbid anxiety symptoms
have each been found to significantly increase the risk of
dropping out of web-based treatments, whereas the likelihood
of dropping out significantly decreases with every additional 4
years of age [6,7]. Our current understanding is also informed
by qualitative studies on adherence to internet-delivered
psychological therapies [11-13]. These studies have found that
the extent to which an individual adheres to a web-based
treatment can be largely dependent on their assessment of the
advantages and disadvantages of web-based delivery and how
this meets their individual needs and preferences [11-13].
Adherers like the freedom and privacy provided by the
web-based delivery of psychological interventions, have positive
experiences with the content, trust the providers of the
web-based program, are motivated to enroll in treatment,
consider the web as a substitute for face-to-face support, and
feel benefits from the intervention and their use is salient to
their need for mental health interventions [11-13]. Their
adherence does not appear to be attributed to a singular factor
but to a collection of experiences, and their experiences are also
not without negatives, citing difficulty with the language of the
intervention, lacking confidence in the web-based delivery, a
need for face-to-face support, and the potential for difficulties
with technology. Although adherence research is a useful
starting point for examining dropout, its application is limited
insofar, as it cannot be assumed that the opposite will be true
for dropout (ie, the disadvantages of web-based interventions
explain dropout from them).

More recent research has focused exclusively on qualitatively
analyzing individuals’ experiences of web-based treatment
dropout [14,15]. Johansson et al [15] reported that web-based
treatment dropout is best understood in terms of an incompatible
relationship between the perception of treatment and the
patient’s situation. A mismatch between any treatment feature
and personal prerequisite results in the decision to nonadhere
[15], for example, extensive and time-consuming content
(treatment features), life factors such as commitments and
availability (personal prerequisite), or the lack of face-to-face
contact (treatment feature) and the personal preference for a
need for face-to-face meetings. Reading and writing demands
within the program (treatment feature) and individual capability
at these tasks (personal prerequisites) is another example of a
potential mismatch. Although a broad picture of web-based
treatment dropout begins to emerge across the literature, with
each study identifying different influential factors on dropout
or suggesting a definitive factor at play, this lack of consensus
may allude to the need for a different approach to its exploration.

Efforts to further understand web-based dropout must also take
into consideration the conceptualization of the dropout and the
implications of this [16]. Högdahl et al [16] summarized that
web-based dropout seems to be conceptualized in terms of the
number of modules completed rather than the effect of the
treatment received on symptoms. This conceptualization may
be problematic in light of research stating that treatment
completion is not essential for clinical benefit [8]. Furthermore,
other researchers argue that dropout is not necessarily a negative
outcome or reflective of a wholly negative experience with a
web-based intervention [17,18]. They call for patient discretion
to be taken into consideration when evaluating and determining
dropout status; patients may drop out of web-based interventions
because they perceive their needs to have been met, and they
no longer see the use of staying in treatment regardless of a
predefined cutoff point [18,19].

Objective
The gaps in the web-based treatment dropout literature and the
questioning of the current conceptualization suggests that
dropout may be more nuanced, with individuals who meet
dropout criteria in terms of a predefined number of sessions or
modules having widely varied treatment experiences and
motives for leaving treatment prematurely [17,18]. If this is the
case, it is time for the investigation of dropout to move beyond
predictors and individual reasons for dropout and look at the
whole experience, incorporating the body of existing findings.
It is important to ask dropouts about their experiences with
treatment, exploring all potentially associated factors.

This study aims to conduct an in-depth exploration of the
subjective experience of web-based treatment dropout by
incorporating current literature on treatment dropout and
adherence in both face-to-face and web-based contexts to create
a robust semistructured interview. By interviewing and
qualitatively analyzing individuals’experiences of dropout from
an iCBT program in a routine care setting, it is hoped that a
deeper insight into the experience of treatment dropout will be
achieved.
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Methods

Design
The study was a nested, semistructured qualitative interview
study exploring clients’ experiences of dropping out from an
iCBT program for depression and anxiety [20]. It was part of a
randomized controlled trial (RCT) investigating the effectiveness
and cost-effectiveness of internet-delivered interventions for
depression and anxiety in the United Kingdom’s Improving
Access to Psychological Therapies (IAPT) program [21]. The
IAPT program is part of the National Health Service (NHS)
designed to provide a stepped care approach for treating people
with anxiety and depressive disorders. The results of this RCT
showed that the intervention was effective at reducing symptoms
of depression and anxiety compared with the waiting-list group,
and these effects continued to improve over a 12-month
follow-up. In addition, the RCT demonstrated that up to 60%
of participants no longer met the criteria for a diagnosis of
depression or anxiety at 3 months. With regard to the
cost-effectiveness, the intervention was projected to be
increasingly cost-effective across the 12-month follow-up
horizon [21]. This study followed the COREQ (Consolidated
Criteria for Reporting Qualitative Research) guidelines for
reporting qualitative research [22]. This study was approved by
the NHS England research ethics committee (reference number
17/NW/0311).

Sample
The larger RCT included 361 individuals; of these 361
individuals, 66.8% (241/361) were randomized to the immediate
treatment group and 33.2% (120/361) to the waiting-list control
group. The design followed a 2:1 randomization procedure to
reduce the likelihood of having many participants waiting for
treatment after presenting to the IAPT service. All adult users
of the Berkshire NHS Trust IAPT Talking Therapies step-2
services were eligible to participate. Clients were deemed

suitable for an internet intervention by their psychological
well-being practitioner (PWP) based on their willingness to
engage with an iCBT intervention, the presence of mild to
moderate levels of anxiety or depression, no suicidal or
self-harm risk, and having internet access. In line with the study
protocol for the main RCT, a participant was considered to have
dropped out of treatment if they received less than 6 web-based
reviews from their supporter, as defined by the IAPT.

To identify eligible participants, the lead researcher (KL)
manually went through each RCT participant’s iCBT account
history from the treatment group to verify the number of
modules viewed, reviews received, and how responsive each
of these participants was to their research contacts. Their level
of responsiveness was determined by their history of answering
calls from the RCT research team to complete the research
measures. Eligibility criteria included (1) providing written
informed consent, (2) completing fewer than 6 reviews with a
supporter, and (3) completing a minimum of 1 module. The
criterion of completing at least 1 module was necessary so that
participants reporting on treatment dropout had some experience
with each of the domains of investigation (see Results). A
Microsoft Excel database was created listing 27 eligible
participants for the qualitative interviews. Of the 27 eligible
participants, 21 (78%) were invited to participate in the
qualitative interviews via telephone at their 6-month or 9-month
follow-up for the main RCT before 15 (56%) clients (of the 15
clients, 8/15, 53% women and 7/15, 47% were men) agreed to
participate and were recruited. Purposive sampling [23] was
used to recruit individuals for the semistructured interviews.
Following the principles of purposive sampling, it was
determined that after the 14th interview, there was a saturation
of domains and categories; that is, no new information was
being discovered [23]. This was confirmed by the results of the
15th interview. The mean age of participants was 33.5 (SD 9.1)
years. The characteristics of the group are summarized in Table
1.
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Table 1. Characteristics of study participantsa.

Reported reason for change
in motivation

Reviews
received

Modules
completed,
n (%)

iCBTb programMini-International Neuropsy-
chiatric Interview diagnosis
at baseline

Age
(years)

GenderParticipant
identifier

Negative reason (not in a
receptive frame of mind,
contextual obstacles, and
iCBT not considered to be
personally fitting)

41 (13)Space from Depression—8
modules (1 unlockable)

Depression current or past24-26FemaleP1

Negative reason (not in a
receptive frame of mind,
contextual obstacles, and
iCBT not considered to be
personally fitting)

54 (50)Space from Depression—8
modules (1 unlockable)

Depression current or past,

panic disorder, and GADc
50-53FemaleP2

Felt ready to leave treatment
early

53 (30)Space from Depression
and Anxiety—10 modules
(2 unlockable)

No diagnosis34-36FemaleP3

Felt ready to leave treatment
early

37 (88)Space from Depression—8
modules (1 unlockable)

Depression current or past24-26FemaleP4

Negative reason (iCBT not
considered to be personally
fitting)

35 (50)Space from Depression
and Anxiety—10 modules
(2 unlockable)

GAD30-33MaleP5

Negative reason (iCBT not
considered to be personally
fitting)

45 (50)Space from Depression
and Anxiety—10 modules
(2 unlockable)

Depression current or past37-39MaleP6

Negative reason (not in a
receptive frame of mind)

31 (10)Space from Depression
and Anxiety—10 modules
(2 unlockable)

Depression current or past and
GAD

27-29MaleP7

Did not report27 (70)Space from Depression
and Anxiety—10 modules
(2 unlockable)

Depression current40-43MaleP8

Negative reason (not in a
receptive frame of mind and
iCBT not considered to be
personally fitting)

24 (50)Space from GAD–8 mod-
ules (1 unlockable)

Panic disorder and GAD44-46FemaleP9

Negative reason (iCBT not
considered to be personally
fitting)

13 (30)Space from Depression
and Anxiety—10 modules
(2 unlockable)

Depression current or past,

GAD, and SADd
44-46MaleP10

Felt ready to leave treatment
early

44 (40)Space from Depression
and Anxiety—10 modules
(2 unlockable)

Depression past20-23MaleP11

Negative reason (contextual
obstacles, and iCBT not
considered to be personally
fitting)

53 (38)Space from Depression—8
modules

GAD20-23MaleP12

Did not report41 (10)Space from Depression
and Anxiety—10 modules
(2 unlockable)

No diagnosis37-39FemaleP13

Felt ready to leave treatment
early

53 (38)Space from GAD—8
modules (1 unlockable)

GAD34-36FemaleP14

Felt ready to leave treatment
early

12 (25)Space from GAD—8
modules (1 unlockable)

Depression current, panic dis-
order, GAD, and SAD

20-23FemaleP15

aParticipants have been allocated participant identifiers P1-P15 to protect their anonymity.
biCBT: internet-delivered cognitive behavioral therapy.
cGAD: generalized anxiety disorder.
dSAD: social anxiety disorder.
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Treatment
Space from Depression, Space from Anxiety, and Space from
Depression and Anxiety are iCBT interventions for the treatment
of depression and anxiety developed by SilverCloud Health
with established efficacy [21,24]. These web-based programs
comprise 5 core modules: Getting Started introduces CBT and
the Thought Feeling Behavior (TFB) cycle, Understanding
Feelings focuses on the feelings component of the TFB cycle,
Spotting Thoughts focuses on the thoughts component of the
TFB cycle, Challenging Thoughts focuses on taking action
against negative and distorted thoughts, and Bringing it All
Together prepares the user for coming to the end of the program
[24]. Space from Depression has 2 additional modules: Boosting
Behavior focuses on the inactivity and lack of motivation
associated with depression, and Core Beliefs targets the
underlying root of unhelpful thoughts that keep the cycle of
depression going. Space from Anxiety has 2 additional modules:
Facing Your Fears focuses on the role of avoidance in
maintaining fears and anxiety, and Managing Worry focuses
on recognizing real or hypothetical worries and identifying
strategies to manage. All modules comprise cognitive and
behavioral components, such as self-monitoring, thought
recording, behavioral activation, and cognitive restructuring,
along with incorporating relaxation exercises and personal
stories from past users of the program to help guide clients on
how to adapt the learned cognitive and behavioral strategies
into their own lives [24].

The programs also use supporters that monitor patients’progress
and provide asynchronous postsession feedback; this is referred
to as a review. Reviews provide answers to patients’ questions,
encouragement and support on work completed and their
progress, and signposts them to content. A dashboard interface
gives supporters an overview of participants’ level of
engagement with the program. Clients in the study from which
we recruited our participants were supported by a PWP from
the Berkshire NHS Trust IAPT Talking Therapies service. PWPs

are graduate psychologists with further training in delivering
low-intensity CBT-based interventions [25].

Measures

Mini-International Neuropsychiatric Interview 7.0
The Mini-International Neuropsychiatric Interview 7.0 is a short
diagnostic structured interview based on both the Diagnostic
and Statistical Manual of Mental Disorders and the International
Classification of Diseases criteria. The interview and its
administration by telephone have been well validated [26]. For
its use during the main RCT, the interview schedule included
modules A (major depressive episode), D (panic disorder), F
(social anxiety disorder), and N (generalized anxiety disorder)
to establish current depression and anxiety and specific anxiety
presentations. The Mini-International Neuropsychiatric
Interview 7.0 [26] diagnosis was used to assign participants to
Space from Depression, Space from Anxiety, or Space from
Depression and Anxiety, with the most suitable intervention
being chosen for the participant based on symptomology.

Development of the Interview Schedule
KL and CE reviewed and analyzed the existing literature on
treatment dropout to identify the recurring domains of
investigation [7,10-15,27]. AE and DR audited this analysis,
and 4 broad domains of investigation for treatment dropout were
identified: experience of technology, motivations to engage in
treatment, experience of intervention’s content, and experiences
of support. Questions were generated for each domain of
investigation, balancing the greatest number of topics with the
least number of questions. The interview was designed in line
with the 4 main domains of investigation, and it was concluded
that once these 4 domains were interviewed, there would be
adequate information to address the research objectives. After
discussion, questions were amended and selected for the
interview schedule and organized within each domain before
trialing the interview with a test participant. The interview
schedule was refined once more before the final version was
completed (Figure 1).
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Figure 1. Stages of formation of interview schedule. Author initials are provided parenthetically.

Semistructured Interview
The interview (Multimedia Appendix 1) comprised 22 questions
divided into 4 sections: 14% (3/22) questions in the Experience
of Technology section (eg, “Did you welcome the intervention
being online, considering that you do/don’t use much
technology?”), 23% (5/22) questions in the Motivations to
Engage in Treatment section (eg, “We note that you completed
x sessions and x modules, what changed in this motivation?”),
41% (9/22) questions in Experience of Intervention’s Content
section (eg, “Did you feel like the content in the programme
was relevant to you?”), and 27% (6/22) questions in the
Experiences of Support section (eg, “Everything that you do on
the platform you have the option to share with your supporter,
how did it feel to communicate in this way?”). This interview
schedule provides a flexible framework for the interviews, with
scripted prompts for the interviewer. The prompts were included

on a side panel of the interview schedule to ensure that the
interviewer covered all domains of investigation, checking them
off as they went to avoid repetition if a question had already
been addressed in a different domain. Prompts also encouraged
participants to adequately explore their subjective experiences
of treatment dropout and to expand on them if their responses
were lacking or they found it difficult to remember.

Characteristics of Interviewers, Researchers, and
Auditors
This research project was led by a researcher with a background
in e-Mental Health, who conducted the interviews and analysis
(KL). The team of auditors was made up of a researcher
undertaking counseling training (CE), a postdoctoral clinical
researcher (AE), and a senior researcher (DR) who were all
members of the e-Mental Health Research group at the Trinity
College Dublin. In addition, a psychologist with a humanistic
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orientation (LT) who emphasized clients’ agency and interest
in psychotherapy research was also a member of the auditor
team.

Procedure
The interviews were conducted by 2 researchers via telephone
and lasted between 27 minutes and 67 minutes, depending on
the extent to which each participant explored their own
experience of treatment dropout. The interviews were recorded
and transcribed verbatim by a third-party transcription service.
The web-based program was free to access, and participants
received a £20 (US $27.32) gift voucher for their participation
in the interviews.

Data Analysis
Data were analyzed using descriptive and interpretive qualitative
research methods [28] led by KL. The results were discussed
and reflected upon with CE, LT, AE, and DR to ensure clarity
and consensus on interpretations of the data and their meanings.
The method of analysis followed clear steps.

First, the data were divided into discrete meaning units that
captured the essence of what participants were trying to convey
[29], and irrelevant digressions and repetitions were omitted.
Meaning units were coded according to the order in which they
occurred and to which participants they belonged. This process
provided a clear audit path. All coding of the data was done
manually, and Microsoft Excel was used to organize and store
the data.

Second, meaning units were assigned to the domains of
investigation headings (Experiences of Technology, Motivations
to Engage in Treatment, Experiences of Intervention’s Content,
and Experiences of Support) to organize the data. The
preliminary literature review that informed the creation of the
semistructured interview schedule that was used for this study
suggested domains of investigation; however, these were not
finalized until after the data analysis.

Third, meaning units within the domains were grouped into
categories based on their similar meanings. Some meaning units
were included in more than 1 category, as they contained more
than 1 relevant meaning (therefore, the categories are not
mutually exclusive). For example, the meaning unit P2.29 stated
the following:

[the supporter] kind of made suggestions...but I didn’t
feel [they] was imposing anything on me...[they]
emailed something to me that wasn’t on the
platform[...] so I really felt they were taking their
time to think of what I was going through.

The meaning unit was included in both categories—the category
titled Supporter offered understanding and the category titled
Supporter tailored treatment to needs. This process of
categorization is subjective and interactive. The data are
organized in a way that corresponds with the participants’
meanings while also acknowledging the impact of existing
theoretical knowledge [29], as outlined in the background of
the interviewers, researchers, and auditors.

Fourth, strategies were used to maintain rigor and credibility.
The first author (KL) divided the data into discrete meaning

units, and audits were performed at various intervals by the
other authors to review this process. The process of organizing
meaning units into domains and categories was conducted in
several phases. The meaning units were first grouped into
domains, and these choices were then discussed with fellow
researchers who were experts in the literature, methodology,
and iCBT, revising as necessary until agreement was reached.
The same method was followed for categorization: the meaning
units within each domain were grouped into categories and then
presented to fellow researchers for comments and feedback.
This process would be repeated until consensus was reached.
Records were maintained for each step of the analysis. The
feedback provided sometimes outlined a need for clarification
of particular meaning units or their reallocation. Using this
feedback sometimes resulted in the creation of new domains
and categories or the removal of existing domains and
categories.

Finally, during data analysis, 2 distinct participant groups
emerged, characterized by reasons for the change in motivation
to engage with the iCBT treatment: (1) those who felt ready to
leave treatment early (5/15, 33%) and (2) those who had
negative reasons for their change in motivation (8/15, 53%). Of
the 15 participants, 2 (13%) did not report on the reason for
their change in motivation to engage with treatment, and so they
were excluded from the between-group comparison; however,
they contributed to the formation of the overall domains and
categories (Table S1 in Multimedia Appendix 2). To compare
dropout experiences between the 2 groups, frequency labels
were used, as outlined in the consensual qualitative research
method [30]. We outline the representativeness of individual
categories by considering them general if results apply to all
cases (ie, 5/5 and 8/8 cases), typical if results apply to at least
half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant if
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4
of 8 cases) [30].

Results

A total of 10 domains capturing the areas of investigation of
the subjective experiences of dropout from an iCBT intervention
were formulated: relationship to technology, motivation to start,
background knowledge and attitudes toward iCBT, change in
motivation, use of the program, perceived changes because of
the intervention, engagement with content, experience
interacting with the supporter, experience of web-based
communication, and termination of the supported period (Table
S1 in Multimedia Appendix 2). Within each domain, there were
positive and negative connotations for the participants’ reports.

Change in Motivation
Participants who felt ready to leave treatment early (5/15, 33%)
reported that they felt they had already obtained what they
needed from the treatment without finishing the prescribed
number of sessions:

I think it’s just that point I sort of felt like I was
getting better. I sort of got what I needed out of [the
program]...I was feeling a bit better in my jowls and
I didn’t think I really needed it too much. [P15]
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I got out of it what I needed and...the [supporter] I
was speaking to gave me the option just to carry on
logging on (my own)...I’m quite comfortable with
logging on. [P14]

Participants who had negative reasons for their change in
motivation (8/15, 53%) responded across 3 categories: not being
in a receptive frame of mind, contextual obstacles, and
considering iCBT not to be personally fitting:

But also and perhaps because I was just, my brain
was just full up of loads of things going on I just
wasn't in a receptive frame of mind. [P9]

I wasn’t receptive enough to it at the time, but I do
think in that frame of mind of feeling so low that
you’re kind of not...for months my brain didn’t feel it
was working very well. [P2]

Relationship to Technology
Relationship to technology corresponds to technology literacy,
familiarity, and usability, both in general and specific to the
iCBT program. Participants’ reported relationships with their
use of technology in general and with the technology itself were
clustered into 10 categories that had both positive and negative
connotations (Table 2). For the most part, both groups reported
having positive relationships with technology: being familiar
with technology, having a sense of anonymity and privacy on
the web, and finding the platform easy to use. Negative
relationships with technology were considered as a variant or
not reported at all: difficulty figuring out how to use the
web-based platform, spending too much time on the web, and
having poor computer literacy.

Table 2. Participants’ relationships to technology based on their reported reasons for their change in motivation.

Negative reason for their change in motivation

(n=8)a,b,c
Felt ready to leave treatment early (n=5)a,bDomain and categories

Relationship with technology

GeneralGeneralBeing familiar with technology

GeneralGeneralSense of privacy and anonymity on the web

TypicalGeneralGood memorability

TypicalTypicalTrusted the platform

TypicalTypicalEasy-to-use web-based platform

VariantNoneSpends too much time on the web

VariantNoneUser dashboard not clear enough

VariantNoneLayout too structured

VariantVariantDifficulty figuring out how to use it

NoneVariantPoor computer literacy

aOnly 13 participants (5/13, 38% felt ready to leave treatment early, and 8/13, 62% had negative reasons for their change in motivation) reported on
the reasons for their change in motivation.
bGeneral results apply to all cases (ie, 5/5 and 8/8), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8), and variant results apply
to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8)
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered to be personally fitting.

Motivation to Start
This category referred to the reasons why participants sought
mental health treatment in the first place. All participants
reported on their motivations to seek treatment, and their
responses were clustered into 2 categories (Table 3)—symptoms
of psychological distress and stressful life events:

It was the most severe bout of depression that I’ve
experienced. And it scared me, like I felt like I was
having thoughts and reacting to things in a way that
I couldn’t control. [P4, felt ready]

So my husband had just left and I was panicking about
like financially I didn’t know what was gonna happen.
[P2, negative reason]
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Table 3. Participants’ motivation to start treatment based on their reported reasons for their change in motivationa.

Negative reason for their change in motivation (n=8)a,b,cFelt ready to leave treatment early (n=5)a,bDomain and categories

Motivation to start

GeneralGeneralSymptoms of psychological distress

TypicalVariantStressful life events

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.

Stressful life events as a motivation to start treatment was a
typical category for participants who had negative reasons for
their change in motivation but a variant category for participants
who felt ready to leave treatment early, indicating that there
were some differences between groups with regard to the
motivation to start treatment.

Background Knowledge and Attitudes Toward iCBT
This category was characterized by what participants knew and
believed about the iCBT program. Overall, the belief that iCBT
could help was typical to both groups:

So when I started the sessions...I thought it would
work really well for me because it would be [able to]

take my own reflective time and think through my
problems. [P5, negative reason]

I think I thought that [CBT] could change the way I
think. [P12, negative reason]

There were between-group differences across the 3 categories
(Table 4). A willingness to try the treatment, having no prior
knowledge or awareness of CBT, and being skeptical of the
treatment approach were typical to participants who felt ready
to leave treatment early but variant to those who had negative
reasons for their change in motivation:

I didn’t really know what CBT was [...] to a certain
extent I didn’t recognize that it would be so much
about my thought processes and how it works. [P3,
felt ready]

Table 4. Participants’ background knowledge and attitudes toward iCBTa based on their reported reasons for their change in motivationb.

Negative reason for their change in

motivation (n=8)b,c,d
Felt ready to leave treatment early (n=5)b,cDomain and categories

Background knowledge and attitudes toward iCBT

TypicalTypicalBelief that iCBT could help

VariantTypicalWillingness to try it

VariantVariantHad an understanding of CBTe

VariantVariantTrusted provider of web-based treatment

VariantTypicalNo prior knowledge or awareness of CBT

VariantTypicalSkeptical of treatment approach

aiCBT: internet-delivered cognitive behavioral therapy.
bGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
cOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
dReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting
eCBT: cognitive behavioral therapy.

Use of the Program
This category was characterized by reports on how, why, and
when participants used the program (Table 5). When use
practices were compared between groups, productive and regular
use practices were a general category for participants who felt
ready to leave treatment early but a variant category for

participants who reported negative reasons for their change in
motivation:

I set [a reminder] up for like every day at seven
o’clock or something...When I’m sitting doing nothing
it just gave me a little suggestion to go and do it, I
guess. [P11, felt ready]
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Table 5. Participants’ use of the program based on their reported reasons for their change in motivationa.

Negative reason for their change in motivation

(n=8)a,b,c
Felt ready to leave treatment early (n=5)a,bDomain and categories

Use of the program

GeneralGeneralCould use it wherever and whenever
needed

VariantGeneralProductive and regular use

VariantTypicalUsing the program for own benefit

TypicalTypicalCould not prioritize time to use it

TypicalVariantUsing it out of a sense of obligation
rather than for a positive outcome

TypicalVariantUsing it when feeling low

VariantVariantKept forgetting about the program and
appointments

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.

It was typical for those who had negative reasons for their
change in motivation to use it out of obligation or when feeling
low:

It felt like obligation. It felt like a tick box exercise.
[P6, negative reason]

Perceived Changes Because of the Intervention
Participants’ perceived changes because of the intervention,
that is, new skills they acquired and changes to themselves and
their everyday lives, were all positive (Table 6). Perceived
symptom improvement was viewed as a general category for

those who felt ready to leave treatment early but a typical
category for those who had negative reasons for their change
in motivation:

When my dad did pass away because I was aware of
all this stuff that I’ve learned [from the
intervention]...And I purposefully the following week,
on the exact same day, just to make sure that it [my
OCD] wasn’t there, I wore the exact same outfit. To
push myself...to prove a point that it’s got nothing to
do with what I’m wearing, like it doesn’t matter, it
won’t change it. [P3, felt ready]

Table 6. Participants’ perceived changes because of the intervention based on their reported reasons for their change in motivationa.

Negative reason for their change in

motivation (n=8)a,b,c
Felt ready to leave treatment early (n=5)a,bDomain and categories

Perceived changes because of the intervention

TypicalGeneralSymptom improvement

TypicalTypicalApplying learned CBTd techniques in everyday life

VariantTypicalDeveloped a knowledge of CBT treatment

VariantVariantIncreased awareness or insight

VariantNoneEncouraged to get the help needed

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.
dCBT: cognitive behavioral therapy.

Conversely, being encouraged to get the help they needed was
deemed a variant category for those who had negative reasons

for their change in motivation, whereas it was not reported by
any participants who felt ready to leave treatment early:
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I think it was definitely a benefit to kind of like dip
my toes in and just get a feel for...cognitive behaviour
therapy...it was definitely a good starting point for
me. [P12, negative reason]

Engagement With Content
This category was characterized by reports of what participants
liked and disliked about aspects of content within the program

(Table 7). There were some differences in reporting between
the groups. Reflecting back on work completed being beneficial
and writing about thoughts and feelings being therapeutic were
typical to those who felt ready to leave treatment early:

[I reflected] sometimes, ‘cos if I was having a really
bad day and it wasn’t as bad before, it made me feel
a little bit better. [P14, felt ready]

Table 7. Participants’ engagement with content based on their reported reasons for their change in motivationa.

Negative reason for their change in

motivation (n=8)a,b,c
Felt ready to leave treatment early

(n=5)a,b
Domain and categories

Engagement with content

GeneralTypicalUseful tools and exercises

VariantTypicalReflecting back on completed work was beneficial

VariantTypicalContent relevant and relatable to concerns

VariantVariantManageable workload

VariantVariantReading and writing provided clarity

VariantTypicalWriting about thoughts and feelings felt therapeutic

VariantTypicalFelt supported by the program content

VariantVariantInformation laid out clearly and concisely

VariantVariantFelt like too much work

VariantVariantDisliked reading and writing

VariantVariantContent was too generic at times

VariantVariantDid not like the personal stories

VariantNoneContent was boring

VariantNoneContent exacerbated symptoms

VariantNoneReflecting of no benefit

VariantNoneDifficult to understand

VariantNoneQuestionnaires felt pointless

NoneVariantDid not like the mood monitor

VariantNoneContent felt disconnected from one section to the next

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.

However, these categories were deemed variant among those
who had negative reasons for their change in motivation.
Concerning negative experiences engaging with content, reports
were low across both groups. Differences emerged with
categories such as reflecting being of no benefit, content feeling
disconnected between sections and difficult to understand,
questionnaires feeling pointless, and finding the content boring
or exacerbating to symptoms. There were variant categories
among those who had negative reasons for their change in
motivation but were not reported at all by those who felt ready
to leave treatment early:

[the content] was a bit long winded to be honest with
you. There was probably too much reading. So I
probably skipped bits. [P10, negative reason]

Experience Interacting With the Supporter
This category relates to participants’ comments on their
relationship with their supporters and how they felt that
interaction contributed to their overall treatment experience.
Participants described these experiences across positive and
negative dimensions (Table 8). Feeling supported and connected
to their supporter was a general category for those who felt
ready to leave treatment early but a variant category for those
who had negative reasons for their change in motivation:
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I recognise that I’m not looking someone in the face
but it turns out to be the same to me because I still
felt supported in everything that I did [...] there was

just someone there and that to me, was really good.
[P3, felt ready]

Table 8. Participants’ experience interacting with supporters based on their reported reasons for their change in motivationa.

Negative reason for their change in

motivation (n=8)a,b,c
Felt ready to leave treatment early

(n=5)a,b
Domain and categories

Experience interacting with supporter

VariantGeneralFelt supported by and connected to supporter

TypicalTypicalSupporter tailored treatment to needs

TypicalVariantSupporter provided a good introduction and explanation of
treatment

VariantTypicalFelt able to speak freely

VariantTypicalSupporter encouraged engagement

VariantTypicalBenefitted from having a supporter

VariantTypicalSupporter demonstrated a good level of expertise

VariantVariantSupporter discussed treatment goals

VariantVariantSupporter offered understanding

VariantNoneSupport felt scripted and impersonal

VariantNoneHad no sense of connection with supporter

VariantVariantNo feedback from supporter on work completed or messages sent

VariantNoneSupporter never discussed treatment goals and expectations

VariantNoneLack of empathy and understanding from supporter

VariantNoneLack of guidance from supporter

VariantNoneFelt like supporter did not care

VariantNoneSupporter never made contact

VariantNoneDid not feel comfortable talking with supporter

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4/5 and 5-7/8 cases), and variant results
apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.

Furthermore, feeling able to speak freely with their supporter
and the supporter demonstrating a good level of expertise was
typical to those who felt ready to leave treatment early, whereas
these categories were variant to those who had negative reasons
for their change in motivation:

They do help you sort of really, really open up and
you’ve got to remember, you know, they do this every
single day. So, it was quite easy to open up in the first
session. [P15, felt ready]

Having no connection with the supporter was a variant category
for participants with negative reasons for their change in
motivation but was not reported by those who felt ready to leave
treatment early:

If I had felt a bit more that somebody was really
listening and engaging [maybe we could have had a
connection]. I just found it hard to build any sort of
relationship. [P9, negative reason]

Although there was low reporting across the other negative
categories, the same pattern applied between groups as with the
lack of connection with the supporter.

Experience of Web-Based Communication
This category was characterized by participants’ likes and
dislikes on using a web-based medium to communicate with a
supporter. Participants’ reports relating to the medium of
web-based communication were described across positive and
negative categories, with large differences between groups
(Table 9). Liking to communicate on the web with the supporter
and finding it easier to open up on the web was typical to those
who felt ready to leave treatment early compared with being
variant categories for those who had negative reasons for their
change in motivation:

I preferred [the online reviews] to be honest. And it
was easy enough to do as well. [P14, felt ready]
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Table 9. Participants’ experience of web-based communication based on their reported reasons for their change in motivationa.

Negative reason for their change in

motivation (n=8)a,b,c
Felt ready to leave treatment early (n=5)a,bDomain and categories

Experience of web-based communication

TypicalTypicalFrequency of web-based communication worked well

VariantTypicalLiked communicating web-based with supporter

VariantTypicalEasier to open up on the web and feeling of disinhibition

TypicalNonePreference for face-to-face communication

VariantVariantNeeded more contact with supporter

TypicalNoneCommunicating on the web was too formal and structured

VariantNoneLack of instantaneous responding with supporter

VariantNoneCould not open up to a computer

VariantNoneWeb-based communication felt too anonymous

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.

Conversely, a preference for face-to-face interactions was a
typical category for those who had negative reasons for their
change in motivation but not reported at all by those who felt
ready to leave treatment early:

I think looking back that maybe I should’ve had both,
even though I was short on time, actually the
(face-to-face) probably would’ve been better than
maybe moving to [iCBT.]. [P1, negative reason]

Termination of Supported Period
This category was characterized by participants’ reports relating
to how the supported period of the iCBT program was
discontinued and how they felt about it (Table 10). It was typical
for participants from both groups to feel able to go back to this
treatment if they felt the need in the future:

If I explored a different route and it didn't work out
then I was always welcome to rejoin SilverCloud, or
rejoin Talking Therapies...So that is really positive.
[P5, negative reason]

Being happy with how the supported period ended was a general
category for those who felt ready to leave treatment early but

was not reported at all by those who had negative reasons for
their change in motivation:

I think I got out of it what I needed...[my supporter]
gave me the option just to carry on logging on
(without support) and I’m quite comfortable with
logging on. [P14, felt ready]

More negative reports relating to the termination of the
supported period were variant categories for those who had
negative reasons for their change in motivation, whereas they
were not reported by those who felt ready to leave treatment
early: support stopping unexpectedly and feeling abandoned
and feeling relieved that support stopped because of it being
such a negative experience:

[Support] stopped. I heard nothing, done nothing...I
was shocked and disappointed. [P10, negative reason]

I haven't got time for this, you're not useful enough
to me. Therefore, I'm not wanting to carry it on and
give you my time because my time was too precious
and as I say it just wasn't useful enough. [P9, negative
reason]
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Table 10. Participants’ experience of termination of the supported period based on their reported reasons for their change in motivationa.

Negative reason for their change in motivation

(n=8)a,b,c
Felt ready to leave treatment early (n=5)a,bDomain and categories

Termination of supported period

TypicalTypicalFeels able to go back to treatment if
needed

NoneGeneralHappy with how support was terminat-
ed

VariantVariantHad a conversation with supporter
about finishing treatment

VariantVariantNo longer a priority, just let it go

VariantNoneSupport stopped unexpectedly, felt
abandoned

VariantNoneFelt relieved that support stopped as it
was a negative experience

aGeneral results apply to all cases (ie, 5/5 and 8/8 cases), typical results apply to at least half of the cases (ie, 3-4 of 5 and 5-7 of 8 cases), and variant
results apply to fewer than half of the cases (ie, 1-2 of 5 and 1-4 of 8 cases).
bOnly 13 participants (5/13, 38% participants felt ready to leave treatment early, and 8/13, 62% participants had negative reasons for their change in
motivation) reported on the reasons for their change in motivation.
cReported negative reasons for change in motivation to continue engaging with treatment are not being in a receptive frame of mind, contextual obstacles,
and internet-delivered cognitive behavioral therapy not considered personally fitting.

Discussion

Principal Findings
This study qualitatively investigated dropout from iCBT
interventions for depression and anxiety as part of routine mental
health service delivery. It explored dropout across a continuum
of 10 experiential domains. These domains are multiple and
varied and demonstrate the conceptualization of treatment
dropout as an experience not confined to one moment.
Furthermore, this study establishes that when we conceptualize
dropout in terms of the number of sessions completed, there are
2 distinct groups of participants: those with negative reasons
for their change in motivation and those who feel ready to leave
treatment early. However, the differences in treatment
experiences observed between these groups point to a potential
shift in how we think about treatment dropout.

This study has taken a deeper dive into dropout from iCBT
treatment research. Previously, personal characteristics,
individual capabilities, aspects of technology, intervention
content, relationship with the supporter, motivation and
treatment expectancies, and credibility have all been identified
as reasons for treatment dropout [6,7,14,15]. This study
examined dropout across the complete treatment experience
and now recognizes it as a concept with related attributes and
nonattributes, that is, treatment factors and experiences that
describe it. The findings presented, although preliminary and
requiring validation on a larger scale, advance what we know
of dropout by suggesting that certain attributes of the treatment
experience are strongly descriptive of dropout, whereas others
may need to be reconsidered. To be descriptive of dropout, an
attribute serves to describe the experiences of iCBT treatment
leading up to dropout that were instrumental to the reason for
dropout; therefore, a nonattribute is not pertinent to the decision
to drop out.

Considering that participants described both their relationship
with technology in general and to the iCBT program specifically
as largely positive and that there were little to no differences in
reporting between the 2 groups, it should be further considered
whether technology is now a nonattribute of treatment dropout.
To date, the literature has reported it to play an important role
in dropout in terms of technology literacy, attitudes toward the
technologization of health care, and technical difficulties
[7,11-14,27]. Perhaps this is because after decades of
development, design and technical flaws have been rectified
[31,32], and technology and the internet have become both
pervasive and accessible. These findings were echoed in the
background knowledge and attitudes toward the iCBT programs
domain, rendering it a nonattribute of treatment dropout.
Individuals were mostly accepting of the use of technology in
the delivery of their mental health care. Perhaps the routine care
setting where iCBT is offered as a reliable treatment alternative
may have acted as a buffer against the nonacceptance of and
negative attitudes toward internet interventions [33-35].

Stressful life events before beginning iCBT treatment seem to
be an attribute of dropout because proportionately more
participants who had negative reasons for their change in
motivation reported them than those who felt ready to leave
treatment early. This is not surprising, as one of the main
characteristics of this group is not continuing with treatment
because of contextual obstacles such as work, relationships, and
commitments. The literature has previously documented the
influence of external factors on treatment dropout [8,10,15,36],
stating that the demands they place on the individual will lead
to dropout if viewed as an obstacle to their daily life [15].
Although these participants reported these life events as triggers
for seeking and beginning treatment, they may have contributed
to suboptimum conditions to continue treatment. The descriptive
characteristics of stressful life events for dropouts have

JMIR Form Res 2021 | vol. 5 | iss. 11 |e26221 | p.335https://formative.jmir.org/2021/11/e26221
(page number not for citation purposes)

Lawler et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


implications for the clinical application of iCBT treatment. They
may indicate a need for greater consideration to be given to
suitability screening or increased pretherapy effort and tailoring
(including content type and duration of treatment) of treatment
to counteract them.

On the basis of the findings reported in relation to perceived
changes because of the intervention, all participants perceived
some benefit from the iCBT program, with the most commonly
reported change being perceived symptom improvement, an
attribute consistent with the delivery of an effective treatment
in any format. This preliminary finding may align with the
Waller and Gilbody [8] conclusion that treatment completion
is not always necessary for clinical benefit and gives support
to the Eysenbach [18] and Proudfoot [37] hypothesis that
dropout is not necessarily reflective of a wholly negative
experience. Furthermore, they suggest that perceived changes
because of the intervention are attributes of treatment dropout.
Although there may be reason to question the exclusivity of
positive outcomes to treatment completion, these findings are
tentative and largely based on patient discretion, and therefore,
further research would be required to reach a conclusive decision
regarding the relationship between dropout and positive
outcomes. Interestingly, proportionately more participants with
negative reasons for their change in motivation reported that
the iCBT treatment encouraged them to receive the help they
needed than those who felt ready to leave treatment early. This
was considered a positive outcome as effective treatments work
to leverage aspects of treatment, which prompts further
help-seeking behaviors [38,39]. Further studies are required to
explore this relationship between dropout and positive outcomes.

Negative interactions with a supporter and a lack of a connection
characterize the dropout experience of those who had negative
reasons for their change in motivation and who, according to
the consensual qualitative research method categorizations [40],
reported more than their counterparts across these categories.
The differences observed between the 2 groups in terms of their
experiences with supporters validate the emphasis placed on
the patient-clinician relationship for treatment success [41,42]
in the existing literature [7,10,11,13-15,27]. Although it is
evident from previous research and the reports of those who
felt ready to leave treatment early that this alliance can be
established on the web [41,43], it may have been the case for
participants who had negative reasons for their change in
motivation that they could not overcome the altered dynamics
of moving the relationship on the web [17,44]. From the findings
of this study, it is clear that a poor-quality clinician-patient
relationship facilitates dropout, rendering it an attribute.

There were also differences in reporting between groups in
relation to the experience of web-based communication. A
dislike for web-based communication and a preference for
face-to-face treatment characterizes the dropout experiences of
those who had negative reasons for their change in motivation.
This finding is reflective of the pattern in reporting experiences
with the supporter, and it would be interesting to investigate
whether they are correlated. The role played by preferences in
treatment dropout has been identified previously, concluding
that despite the comparable efficacy of web-based
communication with a supporter, an overwhelming number of

patients only prefer face-to-face interaction [43,45-47].
Considering the presence of such preferences in this study and
previous research stating that if the support or communication
type is not compatible with the patient’s preferences or
expectations, the patient may decide to drop out of treatment
[15,48], a dislike for web-based communication and a preference
for face-to-face treatment is a strongly descriptive of dropout,
positing it as an attribute of treatment dropout. Further research
should explore whether this dislike for web-based
communication is a true dislike or whether it speaks more to
the fact that, for these individuals, web-based communication
is just not enough and should be provided in combination with
face-to-face interaction.

The multiplicity and variance of the domains presented in this
study expand our understanding of dropout. This nuanced
portrayal was achieved through a robust methodology consisting
of the development of a semistructured interview based on the
existing literature pertaining to dropout and adherence in both
face-to-face and web-based therapies and rigorous analysis
using the descriptive-interpretive method [28]. It demonstrates
the complexity of the dropout experience, calling into question
the validity of conceptualizing treatment dropout in terms of
compliance to modules or sessions needing completion, as some
research does [16,49]. This has implications for both iCBT and
clinical practice. As presented in the comparison between the
2 groups, some aspects of the treatment experience have become
highly relevant to dropout: stressful life events before beginning
treatment, using the iCBT program when feeling low or out of
a sense of obligation, perceived changes because of the
intervention, negative experiences with content, negative
experiences with the supporter, a dislike for web-based
communication, and a preference for face-to-face therapy,
whereas others have diminished into the background or
disappeared entirely: relationship to technology, background
knowledge and attitudes toward iCBT, and termination of the
supported period. It is apparent that all participants who dropped
out benefitted somewhat; what needs to be understood now is
who benefits the most, and these findings can help guide this
future research. Furthermore, as the future of digital health care
depends on the increased understanding of such phenomena so
that psychological interventions can continue to increase in
accessibility while increasing specificity for the patient, research
exploring the complete experience is necessary.

Limitations
Although the ecological validity provided by the IAPT setting
was a strength of this study, it may also have positively skewed
participant reports, as their suitability for iCBT would have
been assessed before beginning treatment. In addition, some
individuals did not want to participate in the dropout interview.
By not capturing the experiences of these individuals, the data
presented may be positively biased to the intervention. The
between-group differences that have been identified are based
on qualitative data from a sample of 15 participants who dropped
out in response to open-ended questions rather than closed-ended
questions that would have investigated the presence or absence
of an experience and so should be considered tentative. Future
research into dropout should focus on identifying these 2 groups
of participants on a larger scale and quantitatively investigate
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their outcomes. As with any qualitative interview study, the
potential roles played by social desirability, historical reporting,
and researcher subjectivity should be taken into account.
However, the results for all 15 participants were analyzed first,
and it was determined only afterward that a second analysis
with the participants divided into 2 groups would be useful to
avoid any potential bias from the researcher.

Conclusions
The data presented from the qualitative interviews provide
insight into the subjective experiences of participants who
dropped out from an iCBT treatment for depression and anxiety
in a routine care setting. In doing so, it moved beyond the
current understanding of treatment dropout as a seemingly
negative outcome attributable to a singular event and presents
it as a phenomenon that must be considered experientially. The
findings bring to light a more nuanced picture of treatment
dropout when looked at through the perspective of varied
domains that shed light on the experience. This suggests that
participants who drop out can be distinguished in terms of their
change in motivation: those who felt ready to leave treatment

early and those who had negative reasons for dropping out. In
doing so, it facilitated a comparison of treatment experiences
that revealed potential attributes (stressful life events before
beginning treatment, using the iCBT program when feeling low
or out of a sense of obligation, perceived changes because of
the intervention, negative experiences with content, negative
experiences with the supporter, a dislike for web-based
communication, and a preference for face-to-face therapy) and
nonattributes (relationship to technology, background knowledge
and attitudes toward iCBT, and termination of the supported
period) of dropout. To understand why individuals drop out,
these between-group differences should be examined to consider
those features that are strongly descriptive of the experience
and regard those that have become loosely affiliated with less
importance. The evidence presented in this study stipulates that
there is a difference between what we label as a dropout and
what should actually be considered a dropout. Further work,
either quantitative or exploratory, is needed to comprehensively
develop a typology of dropout participants and potentially
reconceptualize the phenomenon in this rapidly changing digital
health care setting.
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Abstract

Background: Low back pain is highly prevalent, and most often, a specific causative factor cannot be identified. Therefore,
for most patients, their low back pain is labeled as nonspecific. Patient education and information are recommended for all these
patients. The internet is an accessible source of medical information on low back pain. Approximately 50% of patients with low
back pain search the internet for health and medical advice. Patient satisfaction with education and information is important in
relation to patients’ levels of inclination to use web-based information and their trust in the information they find. Although
patients who are satisfied with the information they retrieve use the internet as a supplementary source of information, dissatisfied
patients tend to avoid using the internet. Consumers’ loyalty to a product is often applied to evaluate their satisfaction. Consumers
have been shown to be good ambassadors for a service when they are willing to recommend the service to a friend or colleague.
When consumers are willing to recommend a service to a friend or colleague, they are also likely to be future users of the service.
To the best of our knowledge, no multi-item instrument exists to specifically evaluate satisfaction with information delivered on
the web for people with low back pain.

Objective: This study aims to report on the development, reliability testing, and construct validity testing of the Online Patient
Satisfaction Index to measure patients’ satisfaction with web-based information for low back pain.

Methods: This is a cross-sectional validation study of the Online Patient Satisfaction Index. The index was developed with
experts and assessed for face validity. It was subsequently administered to 150 adults with nonspecific low back pain. Of these,
46% (70/150) were randomly assigned to participate in a reliability test using an intraclass correlation coefficient of agreement.
Construct validity was evaluated by hypothesis testing based on a web app (MyBack) and Wikipedia on low back pain.

Results: The index includes 8 items. The median score (range 0-24) based on the MyBack website was 20 (IQR 18-22), and
the median score for Wikipedia was 12 (IQR 8-15). The entire score range was used. Overall, 53 participants completed a retest,
of which 39 (74%) were stable in their satisfaction with the home page and were included in the analysis for reliability. Intraclass
correlation coefficient of agreement was estimated to be 0.82 (95% CI 0.68-0.90). Two hypothesized correlations for construct
validity were confirmed through an analysis using complete data.

Conclusions: The index had good face validity, excellent reliability, and good construct validity and can be used to measure
satisfaction with the provision of web-based information regarding nonspecific low back pain among people willing to access
the internet to obtain health information.

Trial Registration: ClinicalTrials.gov NCT03449004; https://clinicaltrials.gov/ct2/show/NCT03449004
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Introduction

Background
Low back pain (LBP) is highly prevalent and is the most
frequent reason for patients to consult general practice in
Denmark [1,2]. LBP affects men and women of all ages [3] and
is rarely caused by one specific factor [4,5]. Therefore, for most
patients, their LBP is labeled as nonspecific, that is, a
nociceptive source is not well established, and causes are
multifactorial [6,7]. Patient education and information are
generally recommended for people seeking care for nonspecific
LBP [8]. However, delivering evidence-based information can
be time-consuming and cumbersome, which can be a challenge
during the available consultation time in general practice [9].

The internet is an accessible source of medical information for
patients and it offers a range of information provided by a
variety of sources. It has been reported that approximately 50%
of patients search the internet for health and medical advice
[10], and evidence suggests that this is increasing [11]. The
advancement of new technologies offers more opportunities for
delivering patient information on private computers, tablets,
and smartphones, and web-based information can be considered
an inexpensive solution to extend the treatment in general
practice [12]. Therefore, future optimization of web-based
information delivery has the potential to increase the delivery
of evidence-based information about LBP, which may, in turn,
lead to better patient outcomes [13,14].

Patient satisfaction is important in the use of web-based
information and the degree to which patients rely on information
from the internet [15]. Although patients who are satisfied with
the information they retrieve use the internet as a supplementary
source of information, dissatisfied patients tend to avoid using
the internet [11]. Consumers’ loyalty to a product is often
applied to evaluate their satisfaction [16]. Consumers have been
shown to be good ambassadors for a service or product when
they are willing to recommend the service to a friend or
colleague [16,17]. When consumers are willing to recommend
a service to a friend or colleague, they are also likely to be future
users of the service [16,17].

Objectives
To the best of our knowledge, no multi-item instrument to
specifically evaluate satisfaction with information delivered on
the web for people with LBP exists. This study aims to report
on the development and validation of the Online Patient
Satisfaction Index (OPSI), a self-reported measure to evaluate
patients’ satisfaction with web-based information for LBP.

Methods

Overview
This study was registered at ClinicalTrials.gov (ID:
NCT03449004). The study follows the Consensus-based
Standards for the Selection of Health Measurement Instruments
Taxonomy [18]. The Methods section consists of 2 subsections:
development of the OPSI and validation of the OPSI.

Development of the OPSI

Previous Work
A qualitative interview study had previously identified patients’
preferences for the content, design, and functionality of a web
application with evidence-based information and advice for
patients with LBP consulting general practice [19]. This study
identified a set of important domains to address web-based
information and advice for patients with LBP in Denmark and
highlighted the importance of the following domains: design,
readability, customization, credibility, usability, and coping
[19]. On the basis of these findings, 8 specific items related to
these domains were identified as important for patient
satisfaction with web-based information for LBP. Design and
readability were represented with 2 items; the other domains
were presented with 1 item each.

Development Process
A total of 8 items were combined into the first version of the
index. The content of the 8 items in the first version came from
an interview study [19], after which the authors made a draft
version where experts (not members of the author group) and
10 patients provided input. Thereafter, the reliability and validity
were tested. All items initially had response options ranging
from 0 to 10, where 0 indicated strongly dissatisfied and 10
indicated strongly satisfied. The first version of the index was
then tested for face validity by discussing the wording of the
items with 7 experts. The experts were personally invited among
colleagues but were outside the author group (1 academic and
1 researcher experienced in written communication, 2
researchers with expertise in musculoskeletal disorders, and 3
researchers with expertise within the development of
questionnaires). This process was carried out through 2 rounds,
where the first draft was discussed among the experts and
subsequently modified. After round 1, the questions were
reformulated to reduce jargon and for better wording of the
items, and the order of the items was rearranged to create a
better flow of the index. This revised index was then discussed
with the same experts until a consensus on the final version was
reached. Importantly, the 0 to 10 response rate scale about
satisfaction was found to be difficult to use, and therefore, the
response scale was changed from the numerical rating scale to
a categorical scale about satisfaction with 4 response options:
Very Much, Quite a bit, A little, and Not at all (Figure 1).
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Figure 1. The Online Patient Satisfaction Index, translated to English from Danish.

Conceptual Framework
The OPSI is based on a formative model in which the construct
(satisfaction) is the result of patients’ experiences with different
aspects of satisfaction. For example, the items relating to design,
credibility, and readability can all have an impact on patients’
satisfaction with the web-based information, whereas higher
satisfaction with a home page does not necessarily lead to
patients finding it more customized to their needs [20].

Face Validity
The OPSI was pilot tested for face validity on 10 respondents
with nonspecific LBP from the Sano Centre and 10 respondents
with LBP recruited from social media. The Sano Centre is a
training and rehabilitation center for people with a high degree
of musculoskeletal pain or disability. First, they were asked to
fill in baseline characteristics on paper for age, sex, pain duration
(>12 weeks), pain intensity, curiosity to find new knowledge
(0-10), and frequency of internet searching for health-related
information (monthly or more). With 1 researcher (AR or TA)
present, respondents were asked to search for information on
an existing website (The Patient Handbook) [21]. The publicly
available Patient Handbook has previously been found to be
trustworthy and a preferred site among Danes searching for

information about LBP [19]. The author group was not involved
in developing the design or choosing the content of the Patient
Handbook. After assessing the Patient Handbook for 10 minutes,
respondents were asked to complete the OPSI and were
encouraged to comment openly on the process and content.
Their thoughts and comments were noted on paper by the
researcher. This was done to optimize the content validity of
the items by reducing ambiguity, avoiding double-barreled
questions, reducing jargon terms, reducing the length of the
items, checking the existence of irrelevant items, and patients
were asked if there was a lack of any items related to patient
satisfaction with web-based information. We specifically asked
about the feasibility of the questions, their understanding of the
items, and the reasons for their choice of response options.
Respondents’ thoughts and suggestions about the index were
discussed between TA and AR, and the index was revised and
ready for validation among a larger population of respondents
with nonspecific LBP. Figure 1 shows the English version of
the OPSI, which has been forward-backward translated from
Danish using the method suggested by Beaton et al [22] with
modifications to stage 4. In stage 4, 1 native English-speaking
researcher in expertise in musculoskeletal disorders achieved
consensus with 2 native Danes holding a master’s degree in
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English. Although stages 1 to 3 were conducted at personal
meetings, stage 4 was conducted on the web with TA as a

facilitator. The Danish version is shown in Figure 2.

Figure 2. The Online Patient Satisfaction Index in Danish. Each item contributes 0 to 3 points, giving a total Online Patient Satisfaction Index score
between 0 and 24.

Construct Validity and Reliability of the OPSI
Data from the validation study were gathered using paper
versions of the OPSI, and TA entered the data in REDCap
(Research Electronic Data Capture, Vanderbilt University) [23].

Participants
Sample sizes for validation studies are recommended to contain
more than 100 participants and at least 50 participants per
subgroup [20]. Consequently, the required sample size was set
at 150 participants. The sample population for the development
of the OPSI was recruited from Sano Centre in Aarhus,
Denmark, and via social media (Facebook, LinkedIn, and
Twitter) to obtain a case-mix. The patients had a 4-week stay
at the center, and the training and rehabilitation course was
patient-centered and tailored to the patients’ needs. Patients
were offered specialized therapy, and most received an iPad as
part of their training program [24]. Hence, most people were
familiar with the internet and electronic devices to manage their
pain. Respondents from social media were also expected to be
familiar with the use of the internet and electronic devices.
Consequently, the sample population was expected to be
heterogeneous regarding their levels of pain and functional
disability.

Respondents from Sano and social media were eligible for
inclusion if they had nonspecific LBP (with or without leg pain)
of any pain intensity during the previous year and were older
than 18 years. Exclusion criteria were as follows: no internet
access, pregnancy, inability to speak Danish as their native
language, diagnosis of spinal stenosis, or signs of a serious
underlying disease (signs of fracture, cauda equina syndrome,
malignancy, osteoporosis, or spondyloarthritis).

Procedures
The study was registered by the Danish Data Protection Agency
(J.nr. 2017-41-5222). Ethics approval was not required following
Danish law. Respondents received verbal project information
from TA or AR, and informed consent was signed by the
respondents and the assessor. Testing was performed at the Sano
Centre, public libraries, or in respondents’ homes with either
TA or AR present. Initially, respondents filled in baseline
questions on paper and were encouraged to navigate and search
for a new home page, MyBack, for 10 minutes. The MyBack
home page is in Danish and contains information about LBP to
guide patients with self-management [25]. The content and
design were developed by researchers with systematic input
from patients and general practitioners [19,26,27]. Respondents
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then filled in paper versions of the OPSI to measure their
satisfaction with MyBack together with other questions about
satisfaction and their functional disability. If any item was left
blank, the assessor encouraged respondents to choose the
response that was most suitable for them. Thereafter,
respondents navigated Wikipedia with information about LBP
for 10 minutes with minimum help from the assessor. We
assumed that most respondents would be more satisfied with
MyBack than with information about LBP on Wikipedia. As
the amount of information regarding LBP is limited in the
Danish version of Wikipedia, we considered it difficult to read,
not addressed to a particular group of people, and the sources
are unknown and might, therefore, not be considered trustworthy
by respondents. Thereafter, respondents filled out the OPSI for
the Wikipedia page.

Among the respondents, 70 were randomized to be invited to
participate in the retest after a minimum of 7 days and a
maximum of 4 weeks. Randomization and allocation numbers
were provided by a researcher who was not involved in this
study. A publicly available home page was used to generate
150 numbers with yes or no and sent the document with the
allocation numbers to the assessors [28]. Respondents
randomized to yes were invited to participate in a retest.
Respondents who agreed to take part in the retest searched and
navigated the MyBack home page a second time after a
minimum of 7 days with the same assessor present (TA or AR).
After filling out paper versions of the OPSI, respondents were
encouraged to respond to 1 question about the stability of their
satisfaction: Do you think your satisfaction with the home page
has changed since last time? (Answer options: yes/no/don’t
know). Their replies were discussed with the assessor to validate
their responses and if responding no or don’t know, they were
considered stable and included in the retest analysis.

Measurement Tools
A web app can be considered a product, and we assume that
users are satisfied when they are more likely to recommend a
web app to a friend or colleague. The Ultimate Question was
used as the primary outcome measurement to compare
measurement properties with the OPSI. The Ultimate Question
is often applied to measure costumers’satisfaction with products
or services using a single question: How likely are you to
recommend the website to others? The question can be answered
using a 0 to 10 scale, where 0 is the least likely to recommend
and 10 is the most likely to recommend [16,17]. Respondents
replying 10 or 9 are considered promotors and are likely to buy
or use the product or service again, respondents replying 8 or
7 are considered passive, and respondents replying 6-0 are
considered detractors [16,17]. Subtracting the percentage of
detractors from the percentage of promoters yields the net
promoter score (NPS).

For this study, we dichotomized the scores by defining the
responses 10 or 9 as promoters of the web-based information
and, therefore, considered satisfied, whereas we defined
responses from 8 to 0 as nonpromotors and thereby not satisfied
[16,17]. A Global Rating Scale (GRS) of satisfaction with the
web app was applied (What is your overall satisfaction with the

website?) with response options ranging from 10 (very satisfied)
to 0 (not at all satisfied).

The Danish version of the Roland-Morris Disability
Questionnaire (RMDQ) was used to measure LBP related
function [29]. The Danish version consists of 23 items, and the
sum score ranges from 0 (no disability) to 23 (maximum
disability) [29].

Statistical Evaluation
Reliability was assessed by studying the difference between the
OPSI at baseline and OPSI after a minimum of 7 days using a
2-way mixed-effect analysis of variance model with interaction
for absolute agreement as the intraclass correlation coefficient
of agreement (ICCagreement) [30]. Where an ICCagreement >0.75
can be interpreted as excellent, 0.4 to 0.75 indicate fair to poor,
and values <0.4 indicate poor reliability [31]. Measurement
error was assessed using the limits of agreement proposed by
Bland and Altman [32]. The smallest detectable change
(SDCconsistency) was calculated as follows:

SDCconsistency = 1.96 × SDdifference

where SDdifference is the SD of the difference between the test
and retest. This equals the limits of agreement without
systematic errors [33]. Construct validity was evaluated by
hypothesis testing of the size and direction of correlations
between the OPSI score for MyBack and the NPS, GRS, RMDQ,
and OPSI score for Wikipedia about LBP using Spearman rank
correlation coefficient. CIs were estimated by bootstrapping
with 5000 replications. Correlations between 0.3 and 0.5 were
considered weak, and correlations >0.5 were considered strong
[34].

Hypothesis 1
We hypothesized that being categorized as promotors (scoring
9 or 10 on the NPS) would be positively and strongly (>0.5)
correlated with higher OPSI scores (convergent validity).

Hypothesis 2
We hypothesized that respondent scores from 9 to 10 on the
GRS would be positively and strongly (>0.5) correlated with
higher OPSI scores (convergent validity).

Hypothesis 3
We hypothesized that RMDQ scores would be positively and
weakly (<0.3) correlated with higher OPSI scores (discriminant
validity).

Hypothesis 4
We hypothesized that the OPSI score for MyBack and the OPSI
score based on the Wikipedia website would be negatively and
weakly (−0.3 to 0) correlated with higher OPSI scores for OPSI
based on MyBack (discriminant validity).

All analyses were conducted using Stata 16.0 (Stata Corp).

Results

A total of 150 participants were recruited between March 6,
2018, and May 10, 2019. The mean age of the participants was
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48.7 (SD 12.9) years, and 67.3% (101/150) were women. Most
(146/150, 97.3%) had experienced pain for >12 weeks with an

average score of 8 (range, 0-10) for having an interest in finding
new information on the internet (Table 1).

Table 1. Characteristics of the study population (N=150).

PatientsBaseline characteristics

48.7 (12.9)Age (years), mean (SD)

101 (67.3)Female, n (%)

55 (36.7)Education level, bachelor’s degree or more, n (%)

Employment status, n (%)

66 (44)Working full-time or part-time

39 (26)On sick leave or leave of absence

8 (5.3)Unemployed

37 (24.7)Retired

146 (97.3)Pain duration >12 weeks, n (%)

5.4 (2.1)Pain intensity, 0-10, mean (SD)

11.8 (5.1)RMDQa score, mean (SD)

146 (97.3)Contact with GPb about LBPc during the past 1 year, n (%)

8 (7-9)Curious about finding new information, 0-10, median (IQR)

Use of internet about health, n (%)

9 (6)Daily

48 (32)Weekly

10 (6.7)Less than weekly

39 (26)Monthly

44 (29.3)Less than monthly

20 (18-22)eOPSId home page, median (IQR)

12 (8-15)fOPSI Wikipedia, median (IQR)

20 (17-22)gOPSI home page retest, median (IQR)

aRMDQ: Roland-Morris Disability Questionnaire.
bGP: general practitioner.
cLBP: low back pain.
dOPSI: Online Patient Satisfaction Index.
e,f,gDistribution of the OPSI scores were nonnormal, which were identified on histograms and q-norm visualizations.

A total of 70 randomly chosen participants were invited to the
retest, 53 accepted whereas 39 answered no or don’t know to
the question about the stability of their satisfaction. These 39

were considered stable and were included in a retest analysis
to evaluate the stability of the OPSI (Figure 3).
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Figure 3. Flowchart of respondents. A total of 150 respondents were included in the validity analyses, and 39 were included in the reliability analysis.
LBP: low back pain.

For the MyBack website, the OPSI score ranged from 724, and
for the Wikipedia website, the entire OPSI score (0-24) range
was used. The mean OPSI score of promoters for the MyBack
website was 21.68 (95% CI 21.14-22.22), and the mean OPSI
score of the nonpromoters was 18 (95% CI 17.25-18.75). The
response rate was 100% for both websites. ICCagreement was
estimated at 0.82 (95% CI 0.68-0.90). The SDCconsistency was
estimated at 4.71.

Limits of agreement were estimated to be −4.11 to 5.13 with a
mean difference of 0.509 (95% CI −0.127 to 1.146). The mean
difference is close to zero with the CI overlapping zero; hence,
there is a negligible systematic difference between the baseline
measurement and the retest measurement. In addition, the
difference between baseline and follow-up measurements did
not seem to depend on the level of satisfaction (Figure 4).

Figure 4. Comparison of test-scores and retest-scores. Online Patient Satisfaction Index for MyBack at the initial test and retested after 1 week.

Two hypotheses were confirmed (Table 2).
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Table 2. Hypothesis testing of construct validity.

CorrelationsaHypothesesCharacteristics

Observedb, r (95% CI)Expected, r

0.58 (0.47 to 0.69)>0.5Hypothesis AdNPSc

0.70 (0.60 to 0.80)>0.5Hypothesis AGRSe

−0.14 (−0.30 to 0.02)<0.3Hypothesis BgRMDQf

−0.04 (−0.20 to 0.13)−0.3 to 0Hypothesis CiOPSIwikipedia
h

aSpearman rank correlation coefficient.
bCorrelations from confirmed hypotheses.
cNPS: net promoter score.
dScales are expected to measure the same construct. The correlation was expected to be positive and strong (>0.5).
eGRS: Global Rating Scale.fRMDQ: Roland-Morris Disability Questionnaire.
gScales are not expected to measure the same construct. The correlation was expected to be positive and weak (<0.3).
hOPSI: Online Patient Satisfaction Index.
iScales are expected to measure the same construct. The correlation is expected to be negative and weak (−0.3 to 0).

Discussion

Principal Findings
The OPSI is easy to apply as each of the 8 items is scored from
0 to 3, resulting in an overall score between 0 and 24 points.
The index was found to have good face validity, excellent
reliability, and good construct validity among our sample of
participants with long-standing nonspecific LBP.

Recommendations to the OPSI Users
We recommend the use of proportional recalculation to convert
the index score to a 0 to 100 scale, as it accounts for items with
missing scores [35]. The OPSI was found to have excellent
reliability in measuring satisfaction at 1 time point. Thus, it is
suitable to measure satisfaction at 1 time point for 1 person or
to compare satisfaction between groups. However, we did not
test for responsiveness among participants experiencing a change
in satisfaction over time; consequently, we cannot recommend
using the OPSI to measure changes over time. Whether this can
be recommended in the future, needs to be supported by the
evaluation of responsiveness.

Limitations
The item Do you trust the website? is expected to capture both
trust in the content and trust in security and handling of data.
During development and face validity, splitting this item into
two was not mentioned by participants. This may be explained
by the high level of trust in health care authorities handling data
in Denmark, but we do not know if this is the case. In other
cultures, trust in the content and trust in the handling of data by
the provider may be considered as 2 different issues and thereby
require 2 items to be properly captured.

The development and evaluation of the OPSI was based on a
formative model, which is 1 of the 2 conceptual frameworks,
the other being a reflective model. A reflective model assumes
interrelatedness between items and thereby item correlations.
However, a formative model does not assume item correlations,
and this is a limitation, as common statistical methods to

describe the relationships between items and the construct were
not applicable in this study [20].

The Sano Centre receives a new cohort of patients every 4
weeks, most of whom have long-standing LBP, so it is
convenient and easy to ask patients to participate in the study
because they stay at the center. For participants volunteering
over social media, the assessors had to make an appointment
to meet at a convenient location, which was not always easy
and straightforward. Consequently, this led to an unequal
distribution of respondents between the 2 sites, with (131/150,
87.3%) from the Sano Centre and (19/150, 12.7%) from social
media. This is a limitation of the study as patients from the Sano
Centre were expected to have more severe symptoms, require
extended information, and thus score a larger difference between
the 2 home pages. In contrast, participants recruited from social
media may be more frequent users of Wikipedia for other
information seeking and thereby more satisfied with the shorter
wiki format. The size and direction of the Spearman coefficient
changed for patients recruited from social media. However, this
could be due to the small number of patients recruited from
social media.

The time between the test and retest in the analysis of reliability
was between 1 and 2 weeks, with a maximum of 4 weeks, which
might have overestimated the reliability of OPSI. The short time
duration may have influenced the participants’ responses as
some may recall their previous baseline response and, therefore,
repeat the answer. However, people with back pain often
experience changes in symptoms, and the short period between
tests can be considered a strength when collecting data from
participants with possible fluctuations in symptoms within a
few weeks [36]. We applied a stability question to determine
whether the participants were considered stable. It is a strength
that TA or AR discussed with the participants to ensure that
participants understood the question on change in satisfaction
regarding MyBack and to ensure that participants with a change
were excluded from the retest. We used the construct of
satisfaction as a reflection of whether the included respondents
in the reliability study were stable, and this is in fact treating
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the items as a reflective model. However, the alternatives would
either be to ask the respondents if they had changed each item
or not to ask them at all. The first alternative would cause
analytic problems determining who were stable and who were
not, as some respondents probably would have changed on 1
or perhaps 2 items but not the rest. Setting a cutoff point on an
acceptable number of stable items would be arbitrary and
probably misleading, and we also question the feasibility of
doing it this way. The second alternative of not asking about
stability is, in our opinion, unacceptable, as the potential to
introduce a bias is high. We therefore opted for the solution of
implementing a global change question as we believe this is
the best of the 3 options introducing least bias regarding
choosing stable respondents. However, assuming don’t know
as stable is potentially a limitation.

The use of NPS as a comparator for the construct validity of
OPSI to measure satisfaction might be a weakness. The NPS
uses a proxy to assess the customer’s overall satisfaction with
a service or product [17]. NPS is based on only 1 question with
a reply option from 0 to 10, which is categorized into 3 groups:
promoters (10-9), passive (8-7), and detractors (6-0) [17]. When
estimating satisfaction, the middle group (passive) was excluded
from the analysis [17]. This is, in our opinion, a weakness that
can limit the usability of the NPS as a comparator for construct
validity. We also applied the GRS as a comparator for construct
validity using a response scale ranging from 0 to 10. The GRS
may be inflated due to recall bias [37] and motivational effects
[38] in longitudinal studies. Furthermore, transition scores
seldom show an ideal pattern of association between baseline
and follow-up measures [37]. However, we used baseline GRS
to compare with a baseline score for the OPSI, and using a
transition score to compare baseline scores has previously been
found feasible [37].

Comparison With Prior Work
Although we have found no previous studies evaluating
satisfaction with web-based information on LBP, other studies
have reported satisfaction with web-based delivered health care
information and educational information. Hence, a recent study
of satisfaction with a gamified medical course among medical
students in Thailand found a mean satisfaction of 9.02 (SD 1.11)
out of 10 [39]. Equal high satisfaction was recorded in a study
about the satisfaction of SMS text containing educational
material for patients undergoing prostate biopsy in the United
States. This study found a mean satisfaction of 4.5 (SD 0.9) out
of 5 [40]. Furthermore, a high level of satisfaction was found
in a study of satisfaction with telephone support in patients with
type 2 diabetes [41,42]. They recorded a mean of 4/5 on all 21
items related to satisfaction [42]. These previous studies indicate
a problem with ceiling effects when measuring satisfaction with
health care interventions. The median score of OPSI used on a
home page, which we considered good, was 20 [18,22] out of
a maximum of 24 points. This indicates that satisfied patients
tended to reply at the high end. Furthermore, this is in line with
the development and use of the NPS, where only customers
scoring 9 or 10 on a scale from 0 to 10 are considered satisfied

with a product or a service to a degree where customers are
likely to buy a product again or reuse the service [16].

The reliability test indicated that a change of 4.71 points is
necessary to preclude measurement error. If performing
proportional rescaling of OPSI to a scale from 0 to 100, a change
of approximately 20 points is necessary to preclude
measurement error. In another study, applying a 0 to 100 score,
the minimal detectable change was found to be 32.8 points on
the group level when measuring the individualized quality of
life in patients with LBP [43]. In a reliability and responsiveness
study evaluating the minimal detectable change in LBP
disability, questionnaires found lower or similar minimal
detectable changes of 8.6 (RMDQ), 15 (Oswestry Disability
Questionnaire), and 22 (the 36-item Short Form health surveys
physical functioning scale) [44]. Consequently, compared with
other measures applied to patients with LBP, OPSI has a similar
good reproducibility.

Unanswered Questions and Future Research
The OPSI was evaluated in a population with severe and
disabling LBP. Consequently, the index will benefit from further
validation in other populations with less severe symptoms. In
addition, the OPSI can be tested as a more generic tool to assess
satisfaction without including dissatisfaction. King et al [45]
constructed a survey with 22 items about the usability of phone
apps to support physical activity and rated it on a 6-point
Likert-type scale [45]. This scale was later adapted into a
21-item questionnaire rated for agreement or disagreement on
a 5-point Likert scale [46]. A questionnaire developed more
recently to measure user satisfaction with mobile health
(mHealth) apps also applied a Likert scale—from strongly
disagree to strongly agree [47]. However, this questionnaire
did not meet the criteria for unidimensionality [47]. The OPSI
is not challenged by the same potential limitation, as only
satisfaction is measured and dissatisfaction is not.

We did not collect specific data regarding health literacy;
however, either volunteering to participate on the internet or
participating in a 4-week course at Sano indicates a
health-interest in seeking health information among participants.
This interest is supported by participants’baseline characteristics
regarding the use of the internet to search for health information.
Engaging all people, particularly those with low health literacy,
in assessing health information can be a challenge [48].
Nevertheless, future research is needed to evaluate whether the
OPSI can also be used by people with low health literacy. The
index was developed and formally evaluated in Danish;
however, it was translated into English using established
guidelines [22]. The OPSI is potentially applicable in all
Western countries, but future studies need to evaluate validity
and reliability among other cultures and in other languages.

Conclusions
The OPSI showed good face validity, excellent reliability, and
good construct validity and can be used when measuring
satisfaction with the provision of information regarding LBP
among people willing to access the internet for health
information.
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Abstract

Background: Encouraging consistent use of pre-exposure prophylaxis (PrEP) is essential for reducing HIV incidence, particularly
among gay, bisexual, and other men who have sex with men (GBM), and especially those who engage in heavy drinking. Although
practice guidelines recommend providing adherence counseling to PrEP patients, clinics and providers may not have the resources
or expertise to provide it. Internet-facilitated interventions have been shown to improve HIV prevention outcomes, including
medication and care adherence. Game Plan is a website we created to help users make a tangible plan for reducing their HIV risk.
We designed additional components of Game Plan to address key individual level barriers to PrEP use.

Objective: The aim of this mixed methods research is to test the usability and user experience of these components with intended
users: GBM who drink heavily and are on PrEP.

Methods: In study 1 (usability), we completed a detailed individual interview in which participants (n=10) walked through a
prototype of the website, thinking aloud as they did, and completed a follow-up interview and web-based survey afterward. Study
2 (user experience) involved providing participants (n=40) with a link to the prototype website to explore on their own and asking
them to complete the same follow-up survey afterward. Qualitative data were analyzed using thematic analysis, and descriptive
statistics were used to analyze quantitative data.

Results: Users in both studies gave the website excellent ratings for usability, overall satisfaction, and quality, and most often
described the site as informative, helpful, and supportive. Users also rated the site’s content and feel as respectful of them and
their autonomy, empathetic, and they stated that it conveyed confidence in their ability to change. The study 1 interviews highlighted
the importance of the website’s esthetics to the participants’ engagement with it and its credibility in prompting genuine reflection.

Conclusions: GBM who reported heavy drinking and used PrEP generally found a website focused on helping them to create
a plan to use PrEP consistently to be helpful. Adopting user-centered design methods and attending to the esthetics of mobile
health interventions are important steps toward encouraging engagement and reducing at-risk behaviors.

(JMIR Form Res 2021;5(11):e31843)   doi:10.2196/31843
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Introduction

Background
Medications approved for use as HIV pre-exposure prophylaxis
(PrEP) have considerable promise of reducing overall HIV
incidence [1,2], particularly among groups who are at a higher
risk of HIV such as gay, bisexual, and other men who have sex
with men (GBM) [3]. Despite an increase in PrEP use in recent
years, uptake of PrEP for HIV prevention is still lower than
levels needed to achieve a decline in new HIV diagnoses [4].
All PrEP medications currently approved in the United States,
which include Truvada, Descovy, and the generic
emtricitabine-tenofovir disoproxil fumarate (FTC-TDF), are
recommended for once-daily oral dosing, in part because PrEP’s
efficacy in preventing HIV infection depends on consistent
adherence [5]. Recent studies suggest that at least 4 doses per
week provide approximately 96% efficacy [5,6]. Although many
GBM using PrEP are able to achieve these levels of adherence
[7-9], younger GBM may have high levels of suboptimal
adherence, and they frequently discontinue using PrEP [9-12].
Interventions are needed to support GBM in successfully using
PrEP while they are at risk.

Alcohol use is also an important risk factor for HIV acquisition
[13], due in large part to alcohol’s tendency to interfere with
effective condom use during sex in GBM [14,15]. Therefore,
GBM who drink heavily are key candidates for PrEP; yet, PrEP
uptake among GBM who drink heavily may be lower than in
more moderate drinkers [16]. Although there is little evidence
that PrEP adherence is disrupted specifically when drinking
[17,18], the personal characteristics of heavy drinkers or the
lifestyle disruptions they experience may be associated with
suboptimal adherence, and PrEP-alcohol interactive toxicity
beliefs are common [16]. As such, interventions that address
alcohol’s potential role in PrEP uptake, adherence, and
persistence would be valuable.

Current practice guidelines suggest that GBM follow up with
their medical provider every 3 months while they are on PrEP
for HIV and sexually transmitted infection (STI) testing and
kidney function monitoring, among other things [19], but in
practice, patients using PrEP often follow up less frequently
[20,21]. Similarly, practice guidelines recommend providing
adherence counseling to all patients using PrEP [19], but it is
not clear how many patients using PrEP actually receive some
form of counseling. It is likely that patients attending dedicated
PrEP clinics are more likely to receive some form of adherence
counseling, given that these clinics often have support staff
available to provide it (eg, PrEP navigators) [22,23]. Although
it is likely that a large proportion of PrEP patients receive their
PrEP care through such specialty clinics, efforts to encourage
more primary care providers to prescribe PrEP have been central
to the effort to expand PrEP access [24]. The ability to provide
support services such as adherence counseling is among the top
barriers that primary care providers have identified to
prescribing PrEP [25]. In patients using PrEP who do receive
counseling, regardless of the setting, it is not clear to what extent
the counseling uses techniques that are likely to improve

adherence or whether it adheres to the recommendations of
current practice guidelines.

Meta-analyses have shown that digital intervention programs
such as websites and smartphone apps can encourage HIV
prevention behaviors in users [26,27]. Alongside traditional
services, these programs could be particularly useful in helping
improve PrEP outcomes, given that they are relatively
inexpensive and easy to disseminate [28]. Another critical
advantage of digital interventions is that they can also
standardize the delivery of evidence-based behavior change
techniques [29]. That is, the inherently programmatic delivery
of digital interventions can expose users to a consistent set of
content that uses specific techniques that have been shown to
help change user behavior in past studies. In this way, digital
interventions can ensure that all users are shown evidence-based
content and can avoid problems with fidelity and program drift
that normally affect interventions delivered by individuals.
Although a variety of behavioral interventions have been
developed to reinforce basic PrEP counseling and increase the
success rate of GBM with PrEP, few have been tested in fully
powered efficacy trials to date, and nearly all are intended for
face-to-face delivery [23,30-38].

Game Plan is a website we originally developed to help GBM
reduce their risk of HIV and alcohol use. It was designed to
align with the spirit of motivational interviewing (MI) [39],
with content informed by the information-motivation-behavior
skills model [40] and using the basic flow of many brief
motivational interventions [41]. An initial pilot trial showed
promising results in reducing alcohol use and the number of
anal sex partners in GBM [42]. We redesigned Game Plan and
expanded its content to incorporate features to help promote
PrEP uptake, adherence, and persistence, as well as to help PrEP
users reduce their alcohol use and risk of STIs. Thorough
descriptions of its content have been reported elsewhere (Wray,
TB, unpublished data, April 2021) [43]. In brief, Game Plan
provides specific, digestible feedback about users’ risk of HIV
given their behavior over the last year and shows them to what
extent PrEP might reduce that risk with consistent adherence.
It also presents information about users’ risk of other STIs, the
norms of users’ sexual behaviors compared with those of other
GBM in their age group, challenges several key myths about
PrEP, and guides users through a decisional balance exercise
to aid them in considering the pros and cons about their recent
decisions about sex. Game Plan also guides users through
various options for improving the consistency of their PrEP use
and reducing their HIV and STI risk and suggests several
practical steps that could help users accomplish these goals,
similar to the change planning process in MI [39]. As was the
case with the original Game Plan, this redesigned version
provides personal feedback about users’ recent alcohol use level
and its potential health consequences, including specific
information about how drinking heavily could interfere with
PrEP adherence or persistence, among other things.

Objective
In this research, we employed user-centered design methods to
test the usability [44] and overall user experience (UX) [45] of
the redesigned Game Plan from the perspective of GBM who
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were currently on PrEP. Thus, this research involved conducting
2 substudies: a usability study and a UX study. In the usability
study (n=10), we conducted detailed individual interviews in
which participants walked through a prototype version of the
redesigned site to record their thoughts and reactions to the
content and note any usability issues that arose. After the
interview, these participants also completed a follow-up
questionnaire to rate their perceptions of the site. In the UX
study (n=40), participants were provided a link to the Game
Plan site through email, and after finishing all portions of it,
they were asked to complete the same follow-up survey that the
usability participants completed. These procedures allowed us
to examine how well the redesigned website met the goals of
our design process, including whether GBM on PrEP perceived
that the site (1) was easy to use, (2) provided content that
prompted them to reflect on their HIV and STI risk, PrEP use,
and drinking, (3) aligned with the spirit of MI, and (4) elicited
high intentions to use the site under real world circumstances.
Although Game Plan also incorporates an SMS text messaging
feature that helps support users on their progress toward the
goals they set on the site, this study focused primarily on the
website interaction portion.

Methods

Participants
A total of 50 participants were recruited from gay-oriented
dating apps (eg, Grindr and Scruff) and social networking
websites (eg, Facebook and Instagram) in January-March 2021
to provide feedback on a staging version of Game Plan. Of the
50 participants, 10 (20%) completed the usability portion of the
study, which involved completing a baseline survey, a 60- to
90-minute usability interview over videoconference, and a
follow-up survey afterward. Of the 50 participants, 40 (80%)
completed the UX portion, which involved completing the same
surveys as the usability participants, but they completed the
follow-up survey after perusing a staging version of the Game
Plan site on their own. For both the usability and UX portions,
eligible participants (1) were aged ≥18 years; (2) were cisgender
men; (3) could speak and read fluently in English; (4) reported
anal sex with a man in the past year; (5) self-reported as
currently having a valid prescription for either Truvada,
Descovy, or generic FTC-TDF as HIV PrEP; (6) were prescribed
to take it daily, and (7) were classified as hazardous drinkers
according to criteria from the National Institute on Alcohol
Abuse and Alcoholism, that is, they reported having consumed
either ≥14 drinks per week or ≥5 drinks on a single occasion at
least once in the last month [46]. Demographic characteristics
for all study participants are reported in Table 1.
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Table 1. Demographic characteristics of the usability study participants (N=50).

UXa survey (n=40)Usability test (n=10)Characteristics

33.6 (10.9)27.9 (3.1)Age (range 21-68 years), mean (SD)

Race, n (%)

34 (85)7 (70)White

2 (5)1 (10)Black or African American

0 (0)0 (0)American Indian or Alaska native

1 (3)2 (20)Asian

0 (0)0 (0)Pacific Islander or Native Hawaiian

2 (5)0 (0)Multiracial

1.0 (3)0 (0)Chose not to respond

9 (23)1 (10)Ethnicity (Hispanic or Latino), n (%)

31 (78)7 (70)Single relationship status, n (%)

35 (88)9 (90)College degree, n (%)

8 (20)2 (20)Low incomea, n (%)

1 (3)1 (10)Unemployed, n (%)

39 (98)10 (100)Gay or bisexual identity, n (%)

US region of residence, n (%)

25 (63)6 (60)Northeast

3 (8)2 (20)South

6 (15)1 (10)Midwest

6 (15)1 (10)West

10.8 (5.7)12 (6.0)AUDITb total score, mean (SD)

1.7 (1.6)1.7 (2.5)DASTc total score, mean (SD)

PrEPd medication type, n (%)

28 (70)7 (70)Truvada

10 (25)3 (30)Descovy

2 (5)0 (0)FTC-TDFe

4.7 (1.3)4.0 (2.0)Number of years on PrEP, mean (SD)

28.0 (3.6)26.1 (6.0)Days taken PrEP, past 30 days, mean (SD)

aUX: user experience.
bAUDIT: Alcohol Use Disorders Identification Test.
cDAST: Drug Abuse Screening Test.
dPrEP: pre-exposure prophylaxis.
eFTC-TDF: emtricitabine-tenofovir disoproxil fumarate.

Procedures
Participants interested in participating were provided a link to
a screening survey through email. Those who met the eligibility
criteria based on the screening survey then reviewed the
web-based consent information in both the bullet-point format
and in the approved consent document and, if interested,
indicated their consent to participate in the full studies by
clicking on a radio button. Participants who consented then
provided basic contact information in a subsequent survey before
completing an initial baseline survey that assessed basic

demographic information, relevant behavioral variables (eg,
alcohol and drug use), and PrEP history. Afterward, participants
in the usability portion of the project scheduled an appointment
for an interview over videoconference. During this interview,
participants were provided with a link to a staging version of
the Game Plan site and asked to share their screen with the
interviewers. They were then asked to use the site naturally and
to think aloud as they did so. To ensure honest feedback,
participants were also explicitly asked to be as critical and frank
as they could be to provide us with realistic reactions. We
collected video and audio recordings of the participants
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themselves as well as their computer screens, to allow later
review of comments, clicks and navigation, and facial
expressions and reactions. After reviewing all the components,
staff members then conducted a brief, semistructured interview
inquiring about participants’ perceptions of the app overall,
including its language and tone, length and duration of its
features, interactivity, ease of navigation, appropriateness, and
most and least helpful components. These usability interviews
lasted 60-90 minutes. Afterward, participants completed a brief
web-based follow-up survey that assessed similar perceptions
and reactions to the site. Participants in the UX study completed
these same steps, with the exception of the usability interview
portion. That is, they completed the same baseline survey but
were asked to review the Game Plan site on their own, and they
then completed the same follow-up survey as the usability
participants. No revisions or changes to the site were made
between the 2 studies. The usability study participants were
compensated with US $50 for completing all portions, and the
UX study participants were compensated with US $25. All
procedures were approved by the Brown University Institutional
Review Board.

Measures

PrEP History
Items in the baseline survey collected information about
participants’ PrEP use and history, including the medication
they were currently taking (eg, Truvada, Descovy, or generic
FTC-TDF), the date on which they were first prescribed PrEP,
and self-reported daily adherence to PrEP over the last 30 days.

System Usability Scale
The System Usability Scale (SUS) [47] is a 10-item
questionnaire that assesses a system’s ease of use, intuitiveness,
and desirability. Example items include the following: I found
the various functions in this system were well integrated and I
think that I would like to use this system frequently.

Participants rate each item on a scale of 1 (strongly disagree)
to 5 (strongly agree). The SUS has become an industry standard
in the usability field, and it has excellent measurement properties
(α=.90) [48]. The SUS was collected from participants in both
studies as part of the follow-up survey.

General Usability Items and Reactions
Participants also rated several items that asked about their
reactions to the site generally as well as specific aspects of it.
For example, items asked participants to rate how generally
engaging, interesting and boring the site was on a scale of 1
(strongly disagree) to 5 (strongly agree) and to rate the color
scheme, font style, navigation, and organization of the site on
a scale of 1 (extremely disorganized or difficult or bad) to 7
(extremely organized or easy or good). These items are shown
in Table 2. Participants were also asked to pick up to 3 words
from a list of 18 words that they believed best described Game
Plan (eg, okay, helpful, terrible, all right, supportive, frustrating,
unhelpful, and wonderful) and to pick and rank the components
of the site that they found most and least helpful. Finally, they
were also asked to rate how likely they believed that they would
be to use Game Plan and its various components in their real
lives (eg, email their change plan to themselves and sign up for
SMS text messages to follow up on their goals) under various
dissemination scenarios (eg, if a physician or a clinic provided
them with a link or personally asked them to).
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Table 2. Descriptive statistics for items rated by usability (n=10) and user experience study (n=40) participants (N=50).

Values, mean (SD)Characteristics

Usability or estheticsa

6.0 (1.2)Color scheme

6.6 (0.8)Font style

6.6 (0.7)Font size

6.0 (1.4)Navigation use

6.3 (1.0)Layout organization

Duration, tone, and engagementb

3.5 (1.1)It was something I would want to use.

4.1 (0.9)It was interesting.

4.1 (0.8)It was engaging.

2.1 (0.9)It was boring.

2.5 (1.1)It took too long to use.

2.0 (1.0)I had too much on my mind to really think about the content.

2.3 (1.3)It was judgmental.

3.9 (0.9)It helped me reflect on what I do in my own life.

3.8 (0.9)The topics addressed were a good fit for me and other guys I know.

2.1 (1.2)It was sex negative, or makes sex seem like a bad thing.

Motivational interviewing spirit itemsb

3.6 (1.1)It provided feedback objectively, rather than trying to persuade me.

2.3 (1.0)It told me what to do, rather than helping me understand what I want to do.

3.4 (1.2)It was understanding of my point of view.

3.7 (0.8)It showed me confidence in my ability to make changes.

3.5 (1.0)It showed interest in my values and goals in life.

3.6 (1.0)It tried to persuade me of the seriousness of the problem.

3.4 (1.1)It encouraged me to contribute ideas about how to change my behavior.

2.2 (1.2)It expressed disapproval of me.

3.6 (1.0)It was empathetic, meaning that it showed an understanding of my perspective.

4.1 (0.9)It showed respect for me.

3.8 (0.8)It was supportive of my ability to decide for myself.

4.0 (0.8)It was caring and friendly.

3.9 (0.9)It was honest and trustworthy.

aItems rated on a scale of 1 (extremely bad or difficult or disorganized) to 7 (extremely good or easy or organized).
bItems were rated on a scale of 1 (strongly disagree) to 5 (strongly agree).

Motivational Interviewing Spirit
A 13-item questionnaire was adapted from other common MI
descriptions and rating systems [49-51] and was used to assess
specific areas in which the app’s content and approach were
consistent or inconsistent with MI style. Each item (all of which
are presented in Table 2) was rated on a scale of 1 (strongly
disagree) to 5 (strongly agree). In this study, we explored the
summary statistics for individual items to determine specific
areas for improvement that we might address in subsequent app
versions.

The Mobile App Rating Scale: User Version
The Mobile App Rating Scale: User Version (uMARS) [52] is
a 20-item rating scale that assesses the quality of mobile apps
from the user’s perspective. The uMARS asks participants to
rate their perceptions of a specific app or site overall and across
4 subscales: engagement, functionality, esthetics, and
information quality. In preliminary studies, the uMARS has
shown excellent internal consistency (α=.90) and good test-retest
reliability [52]. The uMARS mean total score, subscale scores,
and individual subjective quality ratings are reported here.
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However, item 18 (How many times do you think you would
use this app in the next 12 months if it was relevant to you?)
was omitted from total scores because repeated use was not
necessarily the primary use case for Game Plan. As total scores
are simply participants’ mean ratings on all assessed items, the
impact of removing this item is likely to be minimal (α=.87).

Motivation to Change Target Behaviors
Both the baseline and the follow-up surveys assessed
participants’motivation to adhere to their PrEP and reduce their
HIV and STI risk and alcohol use, using a single item reflecting
participants’ stages of change related to that behavior [53]. This
question asks participants to rate which statement is most true
for them, with 5 response options, including the following: I
don’t see any need to [take my PrEP medication every
day/reduce my drinking] and I’ve been [taking my PrEP
medication every day/reducing my drinking] and will continue
to do so.

An additional question assessed to what extent participants
would like to start changing each of these behaviors
immediately, rating this on a scale of 1 (not at all) to 7 (a bit).
Participants also reported whether they had made a plan to
change each behavior (yes or no) and, if so, to rate how
committed they were to following through with that plan on a
scale of 1 (not at all) to 9 (very much).

Analysis
All interview audiotapes were transcribed, reviewed, and coded
by 2 staff members using a thematic approach to analysis [54].
Given that the purpose of these interviews was to directly inform
design decisions and revisions, the staff members specifically
searched for key themes about the app’s overall tone,
interactivity, intuitiveness, and duration, as well as for specific
feedback about the content on each screen. We also reviewed
video clips of each session to note any significant facial
expressions (eg, laughter, confusion, or frustration) and
associated interaction behaviors (eg, clicks and data entry) that
could further inform key themes. Once all transcripts were
independently coded, staff members met to review them and
develop consensus about consistent themes. To analyze
quantitative data, we combined baseline and follow-up survey
responses across both the usability and UX studies because the
items assessed were the same and used descriptive statistics and
pairwise 2-tailed t tests to compare specific items (eg,
participants’ intentions to use the app if provided a link by a
clinic vs their physician asking them to use it directly). All
analyzed data were used to guide design adjustments to the site
before deployment in planned efficacy studies and to improve
knowledge about web-based intervention design and
dissemination (eg, components that GBM perceive to be most
helpful and+ use intentions in various scenarios). Quantitative
data were analyzed in Stata 16 (StataCorp), and all procedures
were approved by the Brown University Institutional Review
Board (protocol number 1905002453).

Results

Usability Interviews

Numerous Themes
The usability participants’ specific suggestions on each page
led to a number of important changes in Game Plan’s interfaces.
The postwalk-through semistructured interviews also generally
suggested that the information and exercises provided through
Game Plan were largely unique and not something many users
had been exposed to before, despite all participants having
significant experience with PrEP (mean 4.5, SD 1.5 years):

Overall, I really enjoyed it. I'd say that the...design
was done really well and that sort of helped me
through. There's a lot of information especially
around alcohol and HIV and the other specifics of
PrEP, especially things I didn't know. So I learned
something new. [Participant 6]

These interviews yielded numerous other themes that could be
important for PrEP and HIV interventions and, more generally,
technology-facilitated interventions. Each of these themes is
discussed below, with representative quotes from participants.

Theme 1: Esthetics and Design Were Effective in
Promoting Engagement
Many participants spontaneously noted that they thought the
site was well-designed and esthetically pleasing, and several
explicitly tied these characteristics to their engagement with the
site:

It was definitely pretty. I liked the design, I liked the
color scheme. I don’t know that it was necessarily
entertaining, but it was engaging the way the facts
were presented along with it. I think that made it more
attention-holding. [Participant 5]

Stylistically, it looks great. It drew me in. I think it
would draw people in. I would probably have gone
all the way through it even if I were just scrolling
through on my own. [Participant 4]

Other participants suggested that although the site focused on
health, it avoided an overly clinical look and incorporated an
exciting and mysterious esthetic that would help pique the
interests of users in this population:

The club/party design made it feel less medical and
clinical. There’s almost some sexual suggestiveness
that’s kind of intriguing about it. I think the sort of
mysterious man in the background leads to a bit of
intrigue and I think that’s what would make me look
through it. [Participant 6]

Theme 2: Credibility Is Critical for Sites That Focus on
HIV and Other Health-Related Topics
Several participants commented on the importance of ensuring
that a site that collected information about sexual behavior and
provided information about HIV was credible. A participant
noted that credibility was important to ensure that users would
be willing to provide sensitive information about themselves,
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although (as the site onboarding explicitly highlighted) the app
collected no personal information and was anonymous:

Honestly, talking about sexual practices might seem
like private information and I might be a little
reluctant to share information, so I think it does help
that there’s like the Brown University branding on
the first page, and that seems like a reputable
institution so I feel comfortable moving forward.
[Participant 10]

Other participants mentioned the importance of credibility
specifically when viewing feedback about the potential health
consequences of their recent behavior. They noted that providing
trusted institution branding on the site and including footnotes
citing credible sources alongside any key information or results
might boost user confidence in the accuracy of that information:

I saw that there was the Brown University affiliation
at the bottom, so for me, that makes me feel like
everything in here is going to be correct, or at least
extremely likely to be correct. It was also nice to also
see these citations down here that make me think that
it’s more likely to be correct, although to be totally
honest, I’ll probably never actually look at them.
[Participant 9]

Theme 3: Contrasting Users’ HIV Risk While Taking
PrEP Daily Versus Without PrEP Made a Strong
Impression About the Value of PrEP Use
Several participants commented on how calculating their
personal risk of HIV based on their recent behavior and then
directly comparing it what their risk would be if they
consistently used PrEP versus not using PrEP elicited a strong
reaction that reinforced the importance of consistent PrEP
adherence:

Even while I take PrEP, I still have some reservations
and fears that I might contract HIV, but I didn’t know
it was that [emphasis theirs] effective. So that was a
really reassuring number. [Participant 10]

The massive disparity between the [HIV] risk if you
take [PrEP] and the risk if you don’t, definitely was
a bit of like...“Ok, I knew I should be doing it, but
definitely if I miss it, I should be focusing more.”
[Participant 7]

These perspectives could support the notion that simply
providing information about users’ HIV risk level may be
insufficient for increasing motivation to use PrEP. Instead, both
correcting user misperceptions about their personal risk based
on their recent behavior and showing them to what extent PrEP
could reduce that risk with consistent adherence could increase
PrEP use motivation more directly.

Theme 4: Feedback About Users’Personal Risk for STIs
Given Recent Behavior Prompted Some PrEP Users to
Consider Using Other Prevention Methods
Participants also noted that the specific feedback provided about
their personal risk for other common STIs (gonorrhea and
chlamydia) given their recent behavior also left an impression
on them:

The Gonorrhea and Chlamydia numbers [also stood
out to me]. It seems very high. Like I already knew it
to be high, but knowing that I might contract
Chlamydia from like 1 in 10 partners is pretty
shocking. [Participant 10]

Other participants also explicitly noted considering using other
forms of prevention (eg, condoms) after viewing the feedback
about their personal risk for other STIs:

I think the numbers that I saw about Chlamydia and
Gonorrhea might make me more inclined to use
condoms. [Participant 3]

This theme suggests that providing similar feedback about users’
personal risk for STIs other than HIV may leave a similarly
strong impression on some PrEP users and prompt them to
consider ways to reduce their STI risk.

Theme 5: Users Found Content Addressing Alcohol Use
in an HIV and STI Intervention Useful Rather Than
Intrusive
Several participants also noted that they found the site’s content
about alcohol use helpful, particularly because the role that
drinking might play in increasing their sexual risk, potentially
interfering with PrEP, was new to them:

The alcohol use section...I think was most helpful
because it was tied to PrEP use and the risk of HIV.
I had never made that kind of direct connection
before. [Participant 10]

Others noted that although they agreed that alcohol-focused
content was helpful in terms of considering alcohol’s influence
on their sexual decisions and PrEP use, they also believed it
was helpful in reflecting on their alcohol use more generally.
Specifically, a participant mentioned that the alcohol content
helped them quantify their drinking pattern and reflect on its
impact on their overall health and whether this pattern reflected
their desired drinking level:

I think the alcohol section was the most helpful. I
think it can be easy for me to, like, forget what the
volumes that I drink are and how frequent they can
become. I think understanding the volume of alcohol
[was most helpful] and then also being reminded of
the risks to like taking PrEP that can be associated
with drinking. But I think I would probably still like
to just in general try to reduce my alcohol use, even
if there aren’t benefits related to my sexual health.
[Participant 9]

Overall, these themes largely support the conclusion that Game
Plan’s design and content were engaging, digestible, and
prompted the sort of reflection in some target users that we had
hoped for in creating Game Plan.

User Experience Survey
Participant ratings of individual items about the usability,
esthetic characteristics, engagement, tone, and MI spirit are
provided in Table 2. The overall mean total score of the SUS
was 83.1 (SD 14.2), which corresponds to an A grade (on a scale
of A-F) [55] and is in the top 10% of scores, suggesting excellent
usability and overall satisfaction [48]. The uMARS total mean
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score of 4.0 (SD 0.5) further supports these findings, suggesting
that users found the Game Plan site to be of above-average
quality overall. Overall, participants gave the site 3.6 stars out
of 5 (SD 0.8 stars) and stated that they would recommend the
app to many people who might benefit from it (mean 3.3, SD
1.1).

Ratings of specific esthetic and design characteristics further
support these overall findings, with participants rating Game
Plan’s color scheme, font style, font size, navigation, and layout
and organization positively or very positively. Participant mean
ratings on the functionality subscale of the uMARS, which
primarily reflects usability-type concepts such as performance,
ease of use, and navigation, was 4.2 (SD 0.7). Their ratings on
the esthetics subscale of the uMARS, which reflects the general
appearance of the app and its graphics, was also 4.2 (SD 0.6).
Of the 50 participants, 38 (76%) chose positive words to
describe Game Plan overall, with informative (76%), helpful
(54%), and supportive (46%) being the 3 most commonly chosen
overall. Of the 50 participants, 7 (14%) chose negative words,
including patronizing, wary, and judgmental, showing some
clear room for improvement. Together, these findings suggest
that participants generally had positive reactions to the site,
found it to be of high quality, and thought that it functioned
smoothly and was visually appealing to them.

Participant ratings also generally suggested that the site’s tone
was generally at least somewhat consistent with our goals of
conveying nonjudgmental, sex-positive content that helped them
reflect on their own lives and was appropriate for them.
Participant ratings also suggested that they perceived that Game
Plan’s content and tone were at least somewhat consistent with
the core aspects of the MI spirit, including that it was respectful
of them and their autonomy to decide for themselves, that it
was caring and empathetic, and that it conveyed confidence in
their ability to change. However, mean ratings of other elements
were lower but acceptable, including that the site was
understanding of the users’ point of view and encouraged them
to contribute ideas about how to change and suggesting some
specific areas to improve upon.

When picking and ranking the sections of Game Plan that they
found to be most helpful, participants most commonly included
feedback about HIV risk (33/50, 66%), comparisons of social
norms about sex (27/50, 54%), and feedback about PrEP’s
impact on HIV risk (22/40, 44%) to be among the 3 most helpful
components, whereas they found the pros and cons (decisional
balance) exercise (24/50, 48%), change planning for sexual risk
reduction (22/50, 44%), and the feedback about STI risk (20/50,
40%) to be least helpful. However, participant mean ratings on
the information quality subscale of the uMARS were generally
high as well (mean 4.0, SD 0.6), suggesting that most
participants found that the site had high quality, relevant
information that was credible, not overwhelming, and presented
very well visually.

Participants also generally rated Game Plan as somewhat
engaging and interesting, with these items rated above the
midpoint and a mean score on the uMARS engagement subscale
of 3.5 (SD 0.6). Most users also agreed that they would want
to use Game Plan if they were given access in the real world

(32/50, 64%), with 14% (7/50) suggesting that they would at
least explore it. Furthermore, 46% (23/50) of the participants
said that they would likely email their change plan from Game
Plan to themselves afterward (13/50, 26%, possibly) and 28%
(14/50) said that they would likely sign up for weekly SMS text
messages to follow up on their progress toward their goals at
the end of Game Plan (13/50, 26%, possibly). Interestingly,
however, participant use intentions seemed to vary depending
on how they were provided access to the site, with participants
reporting that they believed they would be more likely to use
Game Plan if their physician asked them to directly than if a
clinic or physician’s office simply provided them with a link to
access it (mean 3.9, SD 1.2 vs mean 3.4, SD 1.3; t1=3.6;
P<.001). We also used pairwise t tests to explore whether the
means of any ratings differed across minority participants versus
non-Hispanic White participants or younger (aged <30 years)
versus older participants, but no ratings were significantly
different across these comparison groups.

Discussion

Principal Findings
In this study, we explored the usability and UX of a redesigned
version of Game Plan among GBM who drink heavily and who
were currently taking PrEP. Specific findings suggesting lack
of clarity or usability problems with certain components led us
to make many specific changes to the site design and interfaces
before we began using Game Plan in 2 trials testing its efficacy
in improving PrEP outcomes and HIV risk. For example, we
revised the risk feedback to present it in a consistent format and
direction (eg, HIV risk without PrEP and HIV risk with PrEP
rather than to what extent PrEP reduced HIV risk) and changed
how users entered certain data to increase ease of use (eg, the
number of alcoholic drinks they consumed in the past 30 days),
among other things. However, the results of these studies also
produced important insights about internet-facilitated
interventions more generally and their potential adoption among
high-risk groups in the real world.

We identified 5 key themes from usability interviews that were
frequently raised by participants. The first theme was that the
site’s esthetic characteristics contributed to user interest in it.
Participants consistently noted their appreciation of the
appearance of the site, and some explicitly noted that this likely
increased their interest in the site, their attention to it, or their
perseverance with it. Engagement, which is a form of attention,
voluntary absorption, or curiosity often accompanied by
motivation to use a specific product [56], is essential to the
success of digital health interventions in changing behavior
[57,58]. That is, users will not be exposed to the components
of these interventions that actively contribute to behavior change
if they are not first engaged. Several studies have shown that
most users disengage from health behavior change technologies
within the first few days in the real world [59,60], a significant
problem for products that depend on repeated, even daily, use
to effect change. Marketing research has shown that, in addition
to ease of use and usefulness, user enjoyment of apps and
websites is associated with their loyalty to them [61].
Furthermore, Cyr et al [62] found that users who rated the
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appearance of apps as more pleasing also enjoyed these apps
more, which in turn was associated with higher ratings of trust.
As such, attending to the esthetic properties of websites and
apps may both improve engagement and increase the credibility
of its content.

The second theme further emphasized the importance of
credibility and trustworthiness, especially for sites such as Game
Plan that focus on topics such as HIV and other health issues.
Participants noted that credibility of the content provided is
essential if it is to influence user behavior. Research on alcohol
interventions further supports the importance of credibility,
particularly for techniques that provide users with feedback
about the health consequences of behaviors or social approval
of behaviors because the impact of these techniques on behavior
change depends on users accepting and believing in the feedback
provided [63]. Along with inattention, defensive reactions and
doubt about the feedback could reduce the impact of this
information on change [64-66]. Participants noted several
aspects of the Game Plan design that seemed to increase its
overall credibility, including prominently displaying the brand
of a trusted institution and providing accessible references for
key information wherever it appeared. These steps are consistent
with past research showing that when evaluating the credibility
of web-based information, users often check the sources of the
information, who the author is, and the qualifications and
credentials of the author when in doubt [67]. Designers of
internet-facilitated health behavior change interventions should
consider incorporating elements to enhance the credibility of
feedback and information they provide users.

The third and fourth themes that emerged highlighted the value
of providing digestible, specific feedback about user risk based
on their recent behavior that prompted them to reflect on these
decisions and the possibility of change. The third theme
suggested that providing feedback to the user of the risk for
HIV with and without PrEP side by side prompted participants
to reflect on their recent adherence and commitment to taking
PrEP every day. Past research has shown that many GBM are
hesitant to start PrEP, in part because they may be
underestimating their risk of HIV [68,69]. However, a brief
intervention that used an HIV risk calculator to help correct
recipient perceptions of their HIV risk did not seem to increase
PrEP uptake in GBM [70]. Although there may be several
reasons why this particular approach did not increase PrEP
uptake, a possibility is that persuading GBM that they are
underestimating their risk of HIV may highlight the need to
take steps to reduce their risk but does not point to specific steps
that would be successful. Our qualitative findings suggest that
among PrEP users, illustrating the gap between their risk of
HIV with and without PrEP use prompted several to reflect on
the importance of consistent PrEP use. It is possible that this
content could have a similar effect on GBM not yet using PrEP
by illustrating to what extent they might reduce their risk of
HIV if they started PrEP. Similarly, our findings show that some
PrEP users noted that providing feedback about their risk of
STIs other than HIV (eg, gonorrhea and chlamydia) also
prompted them to consider taking other preventive steps (eg,
using condoms and limiting sex partners) to reduce their risk.
Encouraging PrEP users to reflect on their risk of other STIs

was a key goal in redesigning Game Plan, given the high rates
of STIs in those on PrEP [71,72]. Despite the clear public health
relevance of reducing STIs in those on PrEP, few interventions
have addressed this issue to date.

The fifth theme suggested that many participants found the
alcohol content useful, both in the context of reflecting on their
HIV and STI risk and on its own. In particular, the participant
responses indicated that many had not considered how their
drinking might contribute to their risk of HIV or affect their
success on PrEP, despite a history of regular interaction with
sexual health services such as HIV and STI testing and PrEP
care. These findings offer support for the notion that many GBM
could be open to discussing their alcohol use when receiving
sexual health services [73]. Some also specifically noted the
value of reflecting on their alcohol use in the context of their
general health, suggesting that GBM may appreciate discussing
their drinking in general medical contexts as well. Importantly,
there was no indication that addressing alcohol use in this
context resulted in defensiveness that might have reduced
engagement in Game Plan content around PrEP use.

Findings from the UX survey provided very strong support for
the overall usability, design, and appeal of the Game Plan
website. The overall SUS score of 83.1 is among the top 10%
scores, suggesting exceptional usability and satisfaction. Past
studies also suggest that products with scores this high are most
likely to produce loyalty among users, and that users are most
likely to recommend products with SUS scores >80 to their
friends [74]. Mean ratings of participant intention to recommend
the site to their friends further support this conclusion, with
most responding that they would recommend it to many of their
friends. Participant mean overall star rating was somewhat less
enthusiastic, at 3.6 out of 5 (SD 0.8 stars). Similarly, participant
ratings on markers of engagement were positive overall, with
participants rating the site as at least somewhat interesting and
engaging. Although these ratings suggest that there is room for
improvement in these metrics, we believe that they are quite
strong for a website that was explicitly designed to challenge
user beliefs and perceptions and specifically intended to do so
among users who were initially relatively indifferent toward
change. Perhaps most importantly, however, 4 out of every 5
users reported that they believed they would be likely to at least
explore Game Plan if provided access to it outside of the
research context based on branding and marketing materials
alone, suggesting that the website may be capable of achieving
high engagement among GBM PrEP users in the absence of
incentives or other motivations. For digital health interventions,
demonstrating high use intention among intended users should
be a prerequisite for moving beyond the design stage.

Finally, GBM PrEP user ratings of Game Plan’s overall tone
and alignment with the spirit of MI were also very encouraging
and suggest that we largely met our design goals. Participant
mean ratings of these items suggested that they agreed at least
somewhat that Game Plan showed respect for them and was
collaborative, empathetic, and nonjudgmental. Ensuring that
Game Plan design and content aligned with these principles
was essential, given that meta-analyses have identified
expressing empathy and other aspects of the MI spirit (eg,
collaboration and respect for autonomy) as some of the strongest
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potential mechanisms of MI counseling effects on health
behavior change [75].

Limitations
Although this study provides strong preliminary evidence of
Game Plan’s overall usability and high engagement, several
limitations should be noted. First, although the sample sizes of
both the usability and UX surveys were larger than those of
many other similar studies, larger sample sizes would likely
yield more confidence in these findings. Second, this sample
consisted largely of White, non-Hispanic, well-educated, and
higher-income GBM; therefore, the results reported may differ
in a more diverse sample. Third, participants were considered
eligible if they self-reported currently having a valid PrEP
prescription; therefore, it is possible that some participants were
not on PrEP at the time of their participation. Fourth, participants
were also very highly adherent to it over the past 30 days.
Although Game Plan was explicitly redesigned to incorporate
content to help PrEP users be successful in PrEP care, PrEP
users likely inherently represent a subset of GBM who are
especially motivated to reduce their risk for HIV. As such, they
may be more likely to provide positive ratings in response to

web-based tools that help them consider ways of reducing their
HIV and STI risk, especially when compared with GBM who
are less motivated to do so.

Overall, this study showed that GBM who use PrEP found the
Game Plan website easy to use and engaging, and most of them
reported that they would be likely to use it if a clinic or their
physician provided them access to it in their real lives. The
findings also suggested that the site’s overall branding and
esthetic characteristics contributed to participants’ motivation
to use it. The results also showed that specific Game Plan
content seemed to be encouraging users to reflect on many of
the issues we had intended: the value of consistent PrEP
adherence for HIV risk reduction, users’continued risk of STIs,
and alcohol’s potential contribution to these issues. Now that
Game Plan’s basic usability and potential for broad uptake have
been established, future research is needed to test its efficacy
in encouraging key outcomes in PrEP care, such as consistent
PrEP adherence during periods of risk and reducing other risk
factors of HIV acquisition, including STIs and heavy drinking.
We are initiating trials to explore these outcomes in the coming
months.
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Abstract

Background: Despite the global expansion of HIV self-testing (HIVST), many research studies still rely on self-reported
outcomes. New HIVST verification methods are needed, especially in resource-limited settings.

Objective: This study aims to evaluate the user experience of a mobile health (mHealth) app to enhance HIVST result reporting
and verification.

Methods: Semistructured, in-depth interviews were used to evaluate the user experience of the 4 Youth By Youth mHealth
photo verification app for HIVST. We used a think-aloud approach, and participants performed usability tasks and completed a
qualitative exit interview. The app included HIV educational resources, step-by-step video instructions for performing HIVST,
a 20-minute timer, a guide on interpreting results with linkages to care, an offline version, and a photo verification system.
Demographic characteristics were reported by using descriptive statistics. Qualitative data were analyzed by using thematic
analysis.

Results: A total of 19 users—12 women and 7 men—with a mean age of 22 years, participated in the study. The users completed
the usability tasks and successfully uploaded a photo of their test results by using the app without assistance. Four main themes
were identified in the data. First, in terms of user-friendly design, the participants noted the user-friendly features of the offline
version and the app’s low data use. However, some wanted the app to work in the background when using their mobile phone,
and the font used should be more youth friendly. Second, in terms of ease of use, participants remarked that the app’s
self-explanatory nature and instructions that guided them on how to use the app enhanced its use. Third, in terms of a user’s
privacy, many participants reinforced the importance of privacy settings and tools that protect confidentiality among users. Finally,
in terms of linkage to care, participants noted that the app’s linkage to care features were useful, particularly in relation to referrals
to trained counselors upon the completion of the test. All the participants noted that the app provided a convenient and private
means of verifying the HIV test results.
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Conclusions: Our findings demonstrated the importance of engaging end users in the development phase of health technology
innovations that serve youth. Clinical trials are needed to determine the efficacy of using an mHealth app to verify HIVST results
among young people.

(JMIR Form Res 2021;5(11):e25824)   doi:10.2196/25824
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HIV self-testing; adolescents; young people; photo verification; mobile app; Nigeria

Introduction

Meeting the global 95-95-95 targets for HIV prevention among
youth in sub-Saharan Africa requires innovation [1]. For
example, in Nigeria, according to the 2019 National AIDS
Indicator and Impact Survey report, there were 275,604 young
people aged between 15 and 24 years living with HIV [2]. HIV
self-testing (HIVST) is an innovation that has the potential to
reach young people who may not otherwise test [3,4]. In this
process, a person collects his or her own specimen (oral fluid
or blood) and then performs a test and interprets the result, often
in a private setting, either alone or with someone he or she trusts
[5]. HIVST has been found to be an acceptable and effective
strategy to increase HIV testing among marginalized populations
[6,7], and the World Health Organization recommends HIVST
as an approach to delivering HIV testing services to achieve the
first 90 of the 90-90-90 strategy [5,8]. The Nigerian Federal
Ministry of Health and the National Agency for Control of AIDS
in Nigeria also recommended HIVST as a strategy to increase
HIV testing uptake [9]. However, there are challenges with
self-reporting of HIVST results because some people do not
routinely self-report for a variety of reasons, and there is a need
to enhance linkage to care following self-testing [8].

Understanding how best to reach young people in Nigeria with
HIVST requires knowing whether they find HIVST feasible or
acceptable. One formative study in Nigeria provided preliminary
data on the willingness to engage in HIVST [10]. Moreover, in
a cross-sectional survey of 157 individuals, 54.8% of
participants expressed willingness to self-test, with some
suggesting that HIVST will help avoid fear and stigma that may
arise from the use of health facilities [11]. Similarly, in a pilot
study among 257 men who have sex with men and key opinion
leaders, the majority (98%) reported that it was easy to perform
HIV testing with HIVST kits. Common reasons for liking
HIVST were ease of use (87.3%), confidentiality and privacy
(82.1%), convenience (74.1%), and absence of needle pricks
(64.9%) [12]. HIVST kits became available in Nigeria in 2019.
To date, only 2 HIVST kits have been introduced in Nigeria,
which include the blood-based Alere HIV Combo rapid test kit
and OraQuick self-test kit (saliva-based test), which is the only
World Health Organization prequalified HIVST test in the
country [13]. Despite the high rates of acceptability and
willingness to use HIVST, we are not aware of any studies that
have assessed how to improve access and reach young people
with HIVST in Nigeria.

The need for this improved access for young people to HIVST
kit in Nigeria prompted our youth-participatory research to
increase HIVST among at-risk youth [13]. According to the
Demographic and Health Survey in Nigeria 2018, 87.9% of

Nigerian households own mobile phones [14]. It has also been
documented that expanding access to mobile health (mHealth)
technology via the use of mobile devices has increased the
opportunities to deliver health services to improve health
outcomes [15-17]. Building on this infrastructure, mobile apps
have the potential to (1) reach the largest number of young
Nigerians with HIV who remain undiagnosed, (2) create demand
for HIV prevention and increase HIV test coverage, and (3)
facilitate linkage to treatment for young people who test
HIV-positive and provide tailored prevention strategies for those
who test HIV-negative.

In response, we partnered with Co-Creation Hub, Nigeria’s first
innovation laboratory and preincubation space for social tech
ventures, to cocreate an HIVST mobile app targeting young
Nigerians. The aim of the mobile app is to improve the
verification of HIVST results and provide linkage to
youth-friendly health services to young people who test for
HIV. To accommodate the preferences and priorities of Nigerian
youth, we engaged youth in the design and development of
mobile HIVST apps. In this study, we described the development
of the app and assessed the user experience. The findings will
inform the implementation of mHealth HIVST services tailored
to the needs of young people in Nigeria.

Methods

Development of the 4 Youth By Youth HIVST App
The Innovative Tools to Expand HIVST collaboration between
the Nigerian Institute of Medical Research, Saint Louis
University, New York University, and the University of North
Carolina at Chapel Hill, known locally as 4 Youth By Youth
(4YBY), engaged a team of developers at the Co-Creation Hub
to develop the 4YBY photo verification mHealth app. The
4YBY photo verification mHealth app aims to promote HIVST
by guiding users (youth) through the proper use of the HIVST
kit and linking them to care and anonymous counseling. The
mobile app was built with React Native to support the Android
operating system from version 4.4 (Kitkat) upward. The
development and design process were based on the
Human-Centered Design framework. The design team worked
together to solve 2 main challenges in creating the app: (1) how
might we connect young people to health care and counseling
when self-testing for HIV? (2) How can data on HIVST be
collected and analyzed?

Some of the Key Activities in the Design Process
First, interviews were held with project key stakeholders,
including potential users, with the goal to understand the
facilitators and constraints or major concerns with
HIVST. Second, there were immersion and shadowing activities
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with potential users in which designers sought to understand
and gain real-world experience with HIVST to understand end
users’ perception and preferences of HIVST. The goal of this
process is to identify and provide value to young people who
will use the product. Third, user interface prototyping and
content creation was done. The design team worked with
researchers from the Nigerian Institute of Medical Research to
create content for the different sections of the mobile app. Given
that the vast majority of people perceive images faster than
words, we used illustrations supported by text to communicate
important concepts throughout the design process.

Following the design phase, the front end and back end of the
app were developed. A front-end section of the app, consisting
of a visual representation of the app and a back-end section,
also known as the server side of an app, including
communication between the database and the app, were
developed. After the development of the first version of the app,
alpha and beta testing was performed. α testing was performed
to identify bugs before releasing the app to end users, whereas
beta testing was performed by potential end users of the app
(young people aged 14-24 years) to determine the usability of
the app.

The Key Features of the App
The key features of the app include the following:

1. How to use the HIVST test kit: It is a combination of
illustrations and written step-by-step tutorials to help users
perform their tests successfully (Figures 1-3).

2. Timer and reminder: Timers and reminders are used to help
end users check for test results exactly 20 minutes after
sample collection.

3. Photo upload and verification: Photo upload of the test kit
at the expiration of the 20 minutes for the verification of
test results. The purpose of this feature is to maintain data
integrity and provide photo evidence of the HIVST result
performed.

4. Linkage to care: This describes the process of linking the
tester to care through access to toll-free calls for
postcounseling after the self-test.

Other features were as follows:

1. HIV risk assessment quiz: It is a series of questions to help
assess the tester’s risk of contracting HIV and other sexually
transmitted infections.

2. HIV facts and information: Educational content on HIV
prevention, care, myths, and facts are included in the
app that users are to review during the 20-minute period
allotted for waiting for HIV test results.

3. Administrative dashboard: It is a web-based dashboard to
access all data received through the mobile app. The
dashboard will also allow counselors to reach out to users
who have requested counseling.

Figure 1. Basic information on HIV in the app.
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Figure 2. Screenshot of a video of the OraQuick swab.

Figure 3. Uploaded picture of an HIV test result on the app.
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Study Design
A qualitative research design approach was used to evaluate the
usability of the 4YBY mobile phone app by answering the
following questions: To what extent do users achieve the desired
goal of using the app (effectiveness)? Does the effort put into
the use of the app allow the performance of a task in a timely
manner (efficiency)? What is the perceived user’s experience
of the app? Participants used a think-aloud approach while
performing usability tasks in three rounds of usability testing
and subsequently completed semistructured one-on-one
interviews.

Participant Recruitment
Participants were recruited through advertisements and word
of mouth at university campuses and youth centers in Yaba,
Lagos, Nigeria. Participants’ recruitment for the study was
guided by previous mHealth app studies that showed that
preliminary usability of apps can be detected by a sample of 5
to 10 individuals [18,19]. Inclusion criteria included being aged
between 14 and 24 years, fluency in English, the ability to read,
owning an Android electronic device, and the ability to provide
informed consent for the study. Data collection was performed
by researchers who were part of the study team with requisite
training in good clinical practice and ethical conduct of research.

Procedures
During each of the beta tests (Multimedia Appendix 1),
participants performed HIVST using the OraQuick by Orasure
testing kit. Tests were conducted by each participant swabbing
their gum and then placing it in a processing fluid and waiting
for 20 minutes for the result. Each participant had a prototype
of the 4YBY app installed on their Android app and
subsequently carried out the HIVST by following the directive
provided by the app. The app also engaged the participants with
basic information on HIV during the waiting time before the
test completion, and they also participated in a HIV risk
self-assessment test.

Data Collection
Following informed consent, participants were involved in
usability testing via the think-aloud approach [20]. The
think-aloud approach required users to continuously verbalize
their thoughts about their underlying thinking behind their
interactions while using the mobile app by freely expressing
what they were doing and why and stating when they
encountered any problem in the process. This provided an
opportunity for participants to test the app’s functionalities and
provide opinions, comments, and concerns to improve on the
app. They also discussed how they felt about the use of the app,
which was audiotaped.

Immediately following usability testing, participants were asked
a series of questions to assess their experience with the usability
of the app (Multimedia Appendix 2). The objective of the phase
was to obtain the participants’ immediate interpretation of the
app design and functionality and facilitate the elaboration of
usability issues and increasing insight and design suggestions
[21]. A total of 3 beta tests using this methodology were
performed over 3 months. After each of the beta tests, the design
team used the user experience feedback to improve the
development of the app by correcting all glitches noted and
modifying as necessary to meet users.

Data Analysis
The demographic characteristics of the users were reported as
descriptive statistics. Each interview was audio recorded,
subsequently transcribed verbatim, and manually coded. Field
notes were also included in the analysis. Inductive thematic
analysis, which describes the process of coding data without
trying to fit the data into a pre-existing coding frame or the
researcher’s analytic preconceptions, was used for this study.
This process ensured that thematic analysis was completely data
driven [22]. The Braun and Clark [22,23] guidelines were used
by 2 research team members with experience in qualitative
research, which included the following steps: (1) repeated
reading of the transcripts to become familiar with the data; (2)
generating initial codes relevant to the research questions
(effectiveness, efficiency, and usefulness); (3) organizing the
codes; (4) arranging the subthemes into overarching themes;
and (5) defining and naming themes. Disagreements around
themes were resolved by an in-person research team discussion
until consensus was reached, and a final theme was agreed upon.

Ethical Consideration
Ethical approval for the Innovative Tools to Expand HIVST
study was obtained from the institutional review board of the
Nigerian Institute of Medical Research and Saint Louis
University. Informed consent was obtained from each participant
before the commencement of the usability beta testing study.

Results

Participant Characteristics and Usability Findings
A total of 19 youth participated in the usability analysis of the
mHealth app for HIVST (Figure 4). The mean age of the
participants was 22 years (SD 2.4), and the age range was 14-25
years. There were 12 females and 7 males and 68% (13/19) of
the participants were students. The majority (18/19, 95%) of
the participants completed all the usability tasks on the first
attempt. On average, the usability test lasted between 25 and
30 minutes. All the participants successfully uploaded a photo
of their test results using the app. Figure 4 illustrates
participants’ progression through each of the study phases.
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Figure 4. Study flow diagram.

User Experiences
Thematic analysis of the user comments from the think-aloud
interviews from the 3 beta usability tests yielded findings on
how the app was used, including the relation to test outcomes

(ie, positive, negative, and invalid) and strengths and weaknesses
of the prototype app and suggested improvements. The following
four themes were identified (Table 1): (1) the design of the app,
(2) the ease of use of the app, (3) user privacy reinforcement,
and (4) linkage to care.
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Table 1. Summary of finding from one-on-one interviews on usability of the 4 Youth By Youth app.

Beta test 3 (September 26, 2019)Beta test 2 (September 24, 2019)Beta test 1 (August 1, 2019)Variables considered

Design of the app ••• “The App background should be
more attractive”

“The App should be more colorful/attrac-
tive”

“The App could be more attrac-
tive, with regards to color”

•• “There is a need to use more
phrases that will catch Nigerian
youth attention”

“There is a need to improve on the resolu-
tion of the videos”

Ease of use of the app ••• “The App is explicit, self-explana-
tory”

“The information about HIV on the App
was quite educative”

“It is easy to use the App. The
picture/videos were helpful
even for a layman” •• “The video made it easy to under-

stand the test process”
“The instruction on HIV self-testing on
the App is adequate to safely conduct the
test”

• “It is simple and straight for-
ward” • “I wonder if the App could be

used offline”•• “The App instruction on how to setup the
test need a little more work”

“Basic HIV information on the
App was useful” • “It was easy to take the photo evi-

dence of my test”• “I would prefer if the language of the App
could also be pidgin English” • “The explanation of the test result

is adequate to educate user on
their test result, its significance
and next steps to be taken”

• “The App contain all the information I
will need to do HIV self-testing on my
own”

App use and privacy ••• “Am happy that no one can have
access to my result by looking at
the App on my phone”

“The App will promote privacy because
many young people want to keep their
health issues private”

“It does encourage privacy”

• “The App is convenient especially for
someone who do not want to go to health
center or who live far away from health
center”

Linkage to care after
checking results

••• “Yes I will request a call from the
youth counselor if my result is
positive”

“The feature on the App to request a call
or call a youth counselor is great, though
I would prefer to make the call myself
after seeing my result”

“After reading my result, I will
prefer to call the health facility
with the number provided”

Recommend the app
to peers

••• “I will recommend the App to my
friends because it is simple and
easy to use”

N/AN/Aa

Timer countdown to
result

••• “The buzz at the end of 20 min-
utes is important. I also like the
fact that the App could function
at the background while I wait for
my result”

N/A“The time of waiting to read
the result is too long.”

• “I will prefer an alert/buzz
when the 20 minutes waiting
time elapses”

aN/A: not applicable.

Design of the App
Participants frequently commented on the need for the app to
have a more user-friendly design, with interactive images, an
appealing color scheme, and features that are easily accessible.
The participants involved in the first beta testing felt that a
mobile app intended for use by youth should be colorful and
attractive to ensure adequate coverage and acceptability among
this age group. They further explained that the likelihood of a
young person downloading the app from the Google Play store
depends largely on how they perceived the app:

The App could be more attractive with regards to its
color. [First round beta test participant]

During the second and third beta tests, participants also wanted
an improvement in the appearance of the logo of the app and
its background theme. Other concerns raised during the second

beta test are the need to improve the resolution of the video that
describes the process of HIVST in the app:

There is a need to improve the resolution of the
videos. [Second beta test participant]

A participant in the third beta test also expressed a preference
that the phrases used in the app should be the type that will
easily catch the attention of Nigerian youths who are the end
users of the app. He would prefer developers to use some locally
trending phrases on social media:

There is a need to use more phrases that will catch
Nigerian youth attention. [Third beta test participant]

During the first beta test, some participants noted that it would
be desirable to have the app work in the background while he
could be engaged in the use of the mobile phone for other things.
The feature was corrected before the third beta testing, and
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participants at the third beta testing were impressed with this
feature:

The time of waiting to read the result is too long. I
will prefer an alert/buzz when the 20 minutes waiting
time elapses. [First beta test participant]

The buzz at the end of 20 minutes is important. I also
like the fact that the App could function at the
background while I wait for my result. [Third beta
test participant]

Ease of Use of the App
The ease of use of the app assesses the user experience of the
app without direct guidance from the developers. Participants
in each of the beta tests overall found the app easy to use and
did not report that anything went wrong during the use of the
app. Some of the other observations made on the ease of use
include the need to adjust the app directive on how to set up the
test and if the app could be used offline without internet access:

It is easy to use the App. The picture/videos were
helpful even for a layman, It is simple and
straight-forward. [First beta test participant]

The instruction on HIV self-testing on the App is
adequate to safely conduct the test. The app
instruction on how to set up the test needs a little more
work. I would prefer it if the language of the App
could also be Pidgin English. The app contains all
the information I will need to do HIV self-testing on
my own. [Second beta test participant]

The App is explicit, self-explanatory. The video made
it easy to understand the test process. I wonder if the
App could be used offline. It was easy to take the
photo evidence of my test. The explanation of the test
result is adequate to educate users on their test result,
its significance, and the next steps to be taken.
[Third beta test participant]

User Privacy Reinforcement
HIV stigma is a key pertinent issue with HIV testing. To ensure
that all users can test anonymously, aliases, rather than real
names, were used. The developer also implemented an
auto-logout feature for further security. However, in think-aloud
exercises, one of the major concerns shared among participants
was the issue of privacy. The participants would not want their
personal information to be shared in any form, and the app
ensured anonymity to address this. The participants during the
3 phases of the beta test noted that the app further reinforced
the practice of privacy in getting tested for HIV:

The App will promote privacy because many young
people want to keep their health issues private. The
App is convenient especially for someone who does
not want to go to the health center or who lives far
away from the health center. [Second beta test
participant]

Am happy that no one can have access to my result
by looking at the App on my phone. [Third beta test
participant]

Linkage to Services
One of the features of the 4YBY photo verification app is that
the participants can be linked to care after conducting an HIV
test. This is usually done by the user calling a counselor to
discuss the HIV test result or requesting a call from a counselor
by clicking on a radio button in the app. The users were pleased
that this feature was included in the app, and they would either
call or request a call to be linked to care after performing the
HIV self-test:

After reading my result, I will prefer to call the health
facility with the number provided. [First beta test
participant]

The feature on the App to request a call or call a
youth counselor is great, though I would prefer to
make the call myself after seeing my result
[Second beta test participant]

Yes I will request a call from the youth counselor if
my result is positive. [Third beta test participant]

Discussion

Principal Findings
We developed a photo verification mHealth app to promote
HIVST among young people in Nigeria. To our knowledge,
this is one of the first mHealth apps that has been developed to
promote HIVST and linkage to care in sub-Saharan Africa [24].
Our usability findings add evidence to the limited data on young
people’s experiences and perspectives on mHealth apps in
sub-Saharan Africa. We identified 4 main themes (eg, app
design, ease of use, user privacy reinforcement, and linkage to
care) that may influence the adoption and continued use of the
apps for HIVST.

This study corroborates the findings of limited studies in
sub-Saharan Africa, including how mHealth apps for HIVST
may overcome the experience of stigma and structural barriers
of clinic-based testing by providing privacy and convenience
[25]. Even in middle- to high-income countries, with a
substantial body of research on mHealth apps and HIVST,
findings suggest that the design of these apps, along with their
ease of use, privacy, and linkage to services, provides an
opportunity to disseminate information about the accuracy,
safety, and appropriate use of this technology to promote HIVST
[26].

Our iterative cocreation process led to the development of an
mHealth HIVST app suited to the needs of young people in
Nigeria. In addition, the iterative process and feedback from
beta testing led to the modification of the app to address issues
raised during the development phase, including the desire to
have an app with minimal internet data demand, features to
encourage users’anonymity, and step-by-step video description
of the process of conducting the HIVST. Previous studies on
mHealth app development have documented the importance of
involving end users in the development of mHealth apps [27].
Through their own experiences and by showing participants
how to use our app, the majority found the app to be informative,
accessible, and engaging. Think-aloud activities identified not
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only facilitating features that may potentially enhance uptake
but also factors that may hinder its use.

Consistent with other mHealth app literature [28,29], one
primary recommendation was for the app to reinforce privacy
concerns. This is particularly salient for young people, given
their limited access to youth-friendly health centers and barriers
associated with navigating and appearing at clinics for HIV
prevention services that mostly cater to adults [30,31]. Protecting
the privacy of young people accessing the app will not only
maintain youth support but also enhance trust. Providing linkage
to additional services via the app also provides an opportunity
to further enhance youth engagement with HIV prevention,
treatment, and care.

Participants noted that the app’s linkage platform can enable
HIV services to reach young people at risk for or living with
HIV, who may not otherwise use health care services. In
addition, to the linkage to services, participants reported that
the use of multimedia text, short videos, and graphics within
the app may not only help youth to remain HIV-uninfected but
also enhance their ability to stay healthy and thrive if they are
already living with HIV. Overall, these findings provide insight
into young people’s concerns and strategies to enhance the
uptake of our mHealth app for HIVST promotion.

This study had some limitations. First, this was a small sample
of youth participants recruited from Lagos, Nigeria, thereby
making it difficult to reach generalizations from this data source.
Second, access to smartphones and mHealth apps may have
influenced social desirability bias with the decision to participate
in the study. In addition, the flexibility of thematic analysis can
lead to inconsistency and a lack of coherence with theme
development. To address authors’ bias, the coding of the
transcript was independently performed by 2 researchers before
theme development. Finally, given that this is a usability study,
it is not possible to conclude the potential efficacy of the app
in promoting HIVST uptake among young people in Nigeria.

The results of this study have implications for interventions
targeting HIVST uptake among young people in Nigeria. It also
has important implications for using technology to disseminate
HIV prevention information to youth populations in Nigeria.

The 2019 Nigerian operational guidelines for HIVST seek to
increase individuals’autonomy, decentralize services, and create
demand for HIV testing, especially for underserved populations,
including young people. Given the new operational guidelines
that seek to decentralize HIV testing, verification of self-reported
outcomes for HIVST is of utmost importance. Bearing in mind
that there are no available photo verification modalities for
HIVST for young people in Nigeria, this study provides
evidence on the usability of the 4YBY mHealth photo
verification app and its potential to promote uptake of HIV
testing among young people. These findings lay the foundation
for future studies to assess the feasibility, reach, and
effectiveness of the mHealth app to promote the uptake of HIV
testing and other preventive services among young people in
Nigeria. Through this formative work, we also obtained
contextual recommendations from the participants to improve
the design of the app and reinforce privacy to enhance
acceptability among young people in Nigeria. The feedback has
practical implications for mHealth technologies to seek end
users’ feedback to ensure acceptability and appropriateness
among target populations. The 4YBY mHealth app may provide
a model for supporting young people to access other sexual and
reproductive health services, given the app’s built-in function
to link users to available youth-friendly health facilities. The
findings have implications for practice in Nigeria and can inform
the integration of mHealth technologies within youth-friendly
health facilities to promote the uptake of preventive sexual
health services.

Conclusions
This study demonstrated the usability of an mHealth app to
promote HIVST uptake among young people in Nigeria.
Findings from this study illustrated that the design and ease of
use of the app, along with privacy and linkage to additional
services, may enhance the reach and acceptability of HIVST
services among young people who are traditionally underserved
in traditional HIV research conducted not only in Nigeria but
also in sub-Saharan Africa. Future clinical trials are needed to
determine the efficacy of using an mHealth app to verify HIVST
results among young people.
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Abstract

Background: Walking disturbances are a common dysfunction in persons with multiple sclerosis (MS). The 2-Minute Walking
Test (2MWT) is widely used to quantify walking speed. We implemented a smartphone-based 2MWT (s2MWT) in MS sherpa,
an app for persons with MS. When performing the s2MWT, users of the app are instructed to walk as fast as safely possible for
2 minutes in the open air, while the app records their movement and calculates the distance walked.

Objective: The aim of this study is to investigate the concurrent validity and test-retest reliability of the MS sherpa s2MWT.

Methods: We performed a validation study on 25 persons with relapsing-remitting MS and 79 healthy control (HC) participants.
In the HC group, 21 participants were matched to the persons with MS based on age, gender, and education and these followed
the same assessment schedule as the persons with MS (the HC-matched group), whereas 58 participants had a less intense
assessment schedule to determine reference values (the HC-normative group). Intraclass correlation coefficients (ICCs) were
determined between the distance measured by the s2MWT and the distance measured using distance markers on the pavement
during these s2MWT assessments. ICCs were also determined for test-retest reliability and derived from 10 smartphone tests per
study participant, with 3 days in between each test. We interviewed 7 study participants with MS regarding their experiences
with the s2MWT.

Results: In total, 755 s2MWTs were completed. The adherence rate for the persons with MS and the participants in the
HC-matched group was 92.4% (425/460). The calculated distance walked on the s2MWT was, on average, 8.43 m or 5% (SD
18.9 m or 11%) higher than the distance measured using distance markers (n=43). An ICC of 0.817 was found for the concurrent
validity of the s2MWT in the combined analysis of persons with MS and HC participants. Average ICCs of 9 test-retest reliability
analyses of the s2MWT for persons with MS and the participants in the HC-matched group were 0.648 (SD 0.150) and 0.600
(SD 0.090), respectively, whereas the average ICC of 2 test-retest reliability analyses of the s2MWT for the participants in the
HC-normative group was 0.700 (SD 0.029). The interviewed study participants found the s2MWT easy to perform, but they also
expressed that the test results can be confronting and that a pressure to reach a certain distance can be experienced.

Conclusions: The high correlation between s2MWT distance and the conventional 2MWT distance indicates a good concurrent
validity. Similarly, high correlations underpin a good test-retest reliability of the s2MWT. We conclude that the s2MWT can be
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used to measure the distance that the persons with MS walk in 2 minutes outdoors near their home, from which both clinical
studies and clinical practice can benefit.

(JMIR Form Res 2021;5(11):e29128)   doi:10.2196/29128

KEYWORDS

multiple sclerosis; relapsing remitting; mobility; mobile phone; 2-Minute Walking Test

Introduction

Background
Multiple sclerosis (MS) is a common and as yet incurable
chronic neurological condition [1]. It affects the central nervous
system, involving demyelination and resulting in impairment
of the nerve conduction. MS symptoms are different for virtually
every person with MS, and the course of the disease is
unpredictable. Symptoms of MS include, among others, fatigue,
cognitive impairment, visual disturbances, sensory disturbances,
and balance problems. For some persons with MS, the disease
progresses slowly, while others experience years of rapidly
increasing disability soon after the diagnosis. MS is most
commonly diagnosed in people in their 20s and 30s, although
it can develop at any age. MS affects 3 times more women than
men.

Approximately 75% of the persons with MS experience a
clinically significant walking disturbance, which poses a barrier
to being physically active [2]. Mobility problems may arise
from various factors, such as fatigue, decreasing muscle strength,
spasticity, and ataxia and may result in musculoskeletal pain in
the back, hips, legs, and arms. Pain in turn may further reduce
walking ability. Walking limitations are a key component of
disability in persons with MS. The Expanded Disability Status
Scale (EDSS), which ranges from 0 to 10 and is universally
used by health professionals to quantify physical disability in
persons with MS, relies on walking as the main measure of
disability [3]. Physical activity is highly relevant for patients
because it has a large impact on employment and generally on
the quality of life [4]. Mobility supports social participation
and, in many cases, the ability to work, which is important to
prevent persons with MS feeling isolated and depressed [5].

Several walking tests are available for persons with MS,
including the Timed Up and GoTest, the Timed 25-Foot Walk
(T25FW), and 6-Minute Walking Test (6MWT).

The Timed Up and Go test measures the time that a person takes
to rise from a chair, walk 3 m, turn around, walk back to the
chair, and sit down. The T25FW measures the time that a person
takes to walk 25 feet, approximately 7.6 m. In the 6MWT, the
distance walked in 6 minutes is measured. Bennett et al [6]
showed that the distance walked on a 2-Minute Walking Test
(2MWT), a 3 times shorter variant of the 6MWT, highly
correlates with Timed Up and Go, T25FW, and 6MWT scores
and that it also correlates with EDSS.

Walking assessments for persons with MS can currently be
scheduled upon request of their health care professionals.
Usually, such an assessment is done in the MS clinic or at the
physiotherapist. Recent technological advances show promise
that in the near future, walking tests might be performed in the

home environment of a person with MS [7-15]. This saves time
and costs and makes it possible to schedule assessments more
frequently. The wealth of data from regularly performed home
assessments could also improve clinical decision-making
because it provides health care providers with quantitative
information about changes in their patients’ walking speed.

MS sherpa (Orikami Digital Health Products) is a software used
as a medical device and intended to support the monitoring of
persons with MS to give patients and their health care
professionals personalized insight into the presence and progress
of MS-related symptoms and signs [16-20]. MS sherpa is a
system consisting of a smartphone app (supported on Android
and iOS) for data collection and data presentation, a cloud
service for data storage, analysis algorithms, and a clinician or
researcher dashboard for user management and data
presentation. The product is commercially available. More
information can be found on the MS sherpa website [20].

It is possible to do a smartphone 2MWT (s2MWT) with MS
sherpa. Instructions in an explanatory text in the app include
that users should walk outside as fast as safely possible while
still not running or jogging using a walking aid if necessary,
with their phone in their trouser pocket during the test. Once
an accurate GPS location signal is found, the test can be started.
After the start button is pressed, users can place their smartphone
in their trouser pocket during a 5-second countdown. At the end
of the countdown, the users should start walking, and they can
stop when they feel a vibration and hear a sound exactly 2
minutes later. Then, the distance walked is calculated and the
test result is displayed in the app. The s2MWT differs in concept
from traditional 2MWTs, which are generally performed indoors
by walking on a level surface between 2 lines with a known
distance, with various methods (and accuracies) for determining
the length of the final stretch.

Objective
The aim of this study is to investigate the concurrent validity
and test-retest reliability of the s2MWT that is implemented in
MS sherpa. The validation of the s2MWT was part of MS
Self—a validation study during which participants performed
self-monitoring assessments during 4 weeks with a precursor
of MS sherpa, the Mijn Kwik (Orikami Digital Health Products)
app and a Fitbit Charge 2 wearable. In particular, we
investigated if the distance measured by the s2MWT agreed
with the distance measured using distance markers on the
pavement. Furthermore, we investigated the first experiences
of persons with MS with digital self-monitoring through
smartphone apps and activity trackers by interviewing 7 study
participants with MS as part of MS Self [16]. In this paper, we
present the interview results for the s2MWT.
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Methods

Study Design
We recently reported all relevant details about the study design,
including the inclusion criteria, information about the
recruitment of study participants, ethical approval and informed
consent, and data collection in a publication about the validity
and test-retest reliability of the smartphone variant of the Symbol
Digit Modalities Test—as an assessment tool for cognitive
processing speed—that is implemented in MS sherpa [17]. In
summary, the study was performed on 25 persons with
relapsing-remitting MS and 2 groups of healthy control (HC)
participants (n=79). The HC participants in the first control
group (HC matched, n=21) were matched to the persons with

MS with regard to age, gender, and education. The second
control group (HC normative, n=58) was set up to determine
the normal distribution for the smartphone test results. The app
was installed on the study participants’ smartphones during the
first day of the study.

Figure 1 shows a schematic overview of the study design for
the persons with MS and the participants in the HC-matched
group. In total, 10 home assessments were planned for the
persons with MS and the study participants in the HC-matched
group in 28 days, with 3 days in between each test. Before the
start of MS Self, 10 of the 25 persons with MS were randomly
contacted by mail for the qualitative part of the study. Interviews
were scheduled with 7 participants before and after the study,
resulting in 14 interviews. More information about the interview
methods is published elsewhere [16].

Figure 1. Overview of the study design and assessment scheme—the Symbol Digit Modalities Test (SDMT) and 2-Minute Walking Test
(2MWT)—reproduced from van Oirschot et al [17].

The HC participants in the HC-normative group were instructed
to perform the s2MWT 3 times in total, with 1 week in between
the assessments. From these tests and from the 10 home
assessments of the other study participants, the test-retest
reliability of the s2MWT was determined. The concurrent
validity of the s2MWT was determined from the comparison
of the distance measured by the s2MWT with the distance
measured using distance markers on the pavement during the
s2MWT assessments—the 2MWTs that are described as analog

testing in Figure 1. Hereafter, these assessments are referred to
as the validation assessments. Note that there are 2 validation
assessments per study participant: one at the beginning and one
at the end of the study. Figure 2 shows a map of the streets
around the former premises of the Dutch National MS
Foundation, Rotterdam, the Netherlands, on which the validation
assessments took place, with an approximate path that was
walked, reconstructed from one of the s2MWTs.
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Figure 2. Street map of the block around the former premises of the Dutch National MS Foundation, Rotterdam, the Netherlands, on which the validation
assessments took place. With a dashed line, the reconstructed path that was walked during one of the smartphone-based 2-Minute Walking Test is
presented, starting from the green (play) marker and ending at the red (stop) marker.

Data Analysis
The distance walked during the s2MWT was calculated with a
proprietary algorithm that applied a path reconstruction on the
GPS data. This algorithm was tested on more than 10 different
smartphones and optimized using various data sets held by the
app manufacturer. Among the constraints applied on the
reconstructed path is that it has to be possible to walk the path
in 2 minutes.

In the data cleaning process, smartphone walking tests were
removed when the data collected in a test were considered to
be of low quality: (1) s2MWT duration <100 seconds; (2)
s2MWT duration ≥140 seconds; (3) GPS data accuracy median
≥30 m; (4) GPS data accuracy SD ≥100 m; and (5) calculated
distance walked <10 m.

For the test-retest analysis, we compared successive s2MWTs
that were left after data cleaning and were less than 20 days
apart.

Statistical Analysis
Unless mentioned otherwise, the statistical analysis was
performed using SciPy (version 1.2.1) in combination with
Python (version 3.6.7). Shapiro-Wilk tests were used to check
if variables were normally distributed. If they were not, visual
inspection led to the removal of at most 2 outliers, after which

a Shapiro-Wilk test confirmed a normal distribution. Therefore,
the statistical tests mentioned could be applied. However, for
the calculation of the Spearman rank correlations, we did not
need to remove any outliers, as normality of the distributions
is not a requirement for this calculation. P values <.05 were
considered statistically significant for all statistical tests.

Two-sided t tests were conducted for the null hypothesis stating
that the distance walked on the first s2MWT by persons with
MS and distance walked by HC participants in both control
groups have identical average (expected) values. A 2-sample
Kolmogorov-Smirnov test was applied to the distributions of
distance walked on the first s2MWT of the HC-matched group
and HC-normative group to investigate if the 2 groups of HC
participants had the same underlying distribution.

To investigate the concurrent validity of the s2MWT, we (1)
conducted 2-sided t tests between the 2MWT distance and the
s2MWT distance measured in the validation experiments; (2)
calculated the Spearman rank correlation between the 2MWT
distance and the s2MWT distance; (3) calculated the Spearman
rank correlation between the EDSS score and the s2MWT
distance; and (4) calculated the intraclass correlation coefficient
(ICC) between the 2MWT distance and the s2MWT distance
using a 2-way mixed effects model on absolute agreement for
a single measurement: the ICC(A,1), following the nomenclature
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of McGraw et al [21]. The ICCs were calculated using the R
package irr version 0.84.1 in combination with R version 3.5.1.
ICC values <0.20 were considered poor, values between 0.20
and 0.39 were considered fair, values between 0.40 and 0.59
were considered moderate, values between 0.60 and 0.79 were
considered good, and values >0.80 were considered very good
[22,23]. In all 3 analyses of the concurrent validity, we corrected
for the fact that there were (at most) 2 validation assessments
per user by replacing the individual observations by the subject
mean [24].

Test-retest reliability was determined by calculating the
ICC(A,1) between measurements at different times. We used
the same acceptance criteria for the test-retest reliability ICCs
as for the concurrent validity ICCs. These ICC values were used
in combination with the pooled SD of the test and retest to
determine the SEM and the smallest detectable change (SDC),
using the formulas [25]:

Internal consistency was evaluated and quantified using
Cronbach α, in which α>.7 was defined to be acceptable
[26,27]. The effect size, as measured by Cohen d, was
determined to investigate the practice effect. Cohen d values
<0.20 were considered small, values between 0.20 and 0.50
were considered medium, and values between 0.50 and 0.80
were considered large [28,29].

Results

Participant Demographics
The mean, median, and SD in the ages for the various groups
are listed in Table 1, including the gender; number of
participants in each education category (for the HC-normative
group, no education information was collected); and the mean,
median, and SD in the EDSS score (persons with MS). Even
though having an EDSS score between 1.5 and 6.5 was one of
the inclusion criteria, 1 person with MS with an EDSS score of
0 was enrolled in the study.

Table 1. Participant demographics.

HC normative (n=58)HCa matched (n=21)Patients with relapsing-remitting
multiple sclerosis (n=25)

Characteristics

Age (years)

34 (8)37 (8)40 (8)Values, mean (SD)

323643Values, median

Gender

291723Female, n

2942Male, n

Expanded Disability Status Scale

N/AN/Ab3.1 (1.4)Scores, mean (SD)

N/AN/A3.0Scores, median

Years since diagnosis

N/AN/A6 (4.4)Values, mean (SD)

N/AN/A4Values, median

aHC: healthy control.
bN/A: not applicable.

Adherence and Number of Tests Done
In total, 104 study participants completed the assessments as
scheduled, whereas 2 participants did not complete the study
(1 person with MS and 1 HC participant in the HC-matched
group). However, the validation assessments they did on the
first day of the study could still be used to answer some of our
research questions. The person with MS that dropped out of the
study had an EDSS score of 3.5.

In total, 755 s2MWTs were done, which is 121 more than
planned in the study protocol. This is because 91% (42/46) of
the persons with MS and HC participants in the matched group
continued to perform the tests after completing the 4 weeks of
self-monitoring that was planned in the study protocol. This

resulted in 72% (33/46) of these study participants completing
at least 10 s2MWTs, the number that was planned in the study
protocol, although mostly not with 3 days in between tests. The
other 28% (13/46) of the persons with MS and HC participants
in the matched group completed a total of 95 s2MWTs, which
is, on average, more than 7 (SD 1.6) s2MWTs per person. In
total, one could say that there was an s2MWT adherence rate
of 92.4% (425/460) in these 2 groups. For the HCs in the
normative group, who had a light study scheme with 3 s2MWTs
in total, we only included participants who completed all 3
s2MWTs; therefore, we could not determine the adherence rate
for this group.

One or more of the filtering criteria mentioned in the Data
Analysis section was met in 23.3% (176/755) of all s2MWTs
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that were completed. The data loss rates were 23.6% (87/369)
for the persons with MS, 26.4% (56/212) for the participants in
the HC-matched group, and 19% (33/174) for participants in
the HC-normative group. In total, 15.8% (119/755) of the
assessments were filtered out because the duration of the
s2MWT was <100 or >140 seconds, 7.2% (54/755) of the
assessments were filtered out because the GPS accuracy was
too low, and 0.4% (3/755) of the assessments were filtered out
because the predicted distance walked was ≤10 m.

Figure 3 shows the distribution of the number of s2MWTs
performed by the persons with MS and HC participants that
was left after data cleaning, the distribution of the average
number of days between the tests per person with MS or HC
participant in the matched group, and the relation between the
number of tests and the average number of days in between tests
in these groups.

Figure 3. (A) Histogram showing the distribution of the number of smartphone 2-Minute Walking Tests per study participant that remained after data
cleaning and was used to determine the test-retest reliability. (B) Histogram showing the distribution of the average number of days in between these
tests per study participant. (C) Scatter plot that shows the relation between the number of tests (horizontal axis) and the average number of days in
between these tests (vertical axis) for all study participants. Filled circles correspond to participants whose tests were done within 28 days, and open
circles correspond to those whose tests were done in more than 28 days. The blue lines in panels A and B correspond to these filled circles, and the
black lines in panels A and B correspond to the open circles.

Even though there were more than 10 s2MWTs left after data
cleaning that could be used to determine the test-retest reliability
for 26% (12/46) of the persons with MS and HC participants
in the matched group, we included at most the first 10

assessments for the test-retest reliability calculations, as planned
in the study protocol. After data cleaning, 43.8% (160/365) of
the consecutive s2MWTs were between 2 and 4 days apart, and
60.5% (221/365) were between 1 and 5 days apart. For 52%
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(24/46) of the persons with MS and HC participants in the
matched group, the timespan in which tests were completed
exceeded the 4-week period that was planned in the study
protocol.

There were missing smartphone data for 2 validation
assessments on the first day of the study because of technical
issues with the app, and 2 other validation assessments had
missing smartphone data because of issues with the smartphone.
Moreover, 1 study participant was not able to perform the
validation assessment on the last day of the study because of
the severity of MS; she had an EDSS score of 6.5 and walked
<25 m on the first validation assessment.

In the cleaning process, 35% (31/89) of the validation
assessments were removed, including 1 of the 2 validation
assessments of the dropouts because at least one of the filtering
criteria mentioned in the Data Analysis section was met. We

averaged the distance walked in the 2 validation assessments
of a study participant when both validation assessments of this
study participant remained in our sample after data cleaning, as
mentioned in the Statistical Analysis section. This resulted in
43 pairs of distance determinations (2MWT-s2MWT).

Distinction Between Persons With MS and HCs
Figure 4 shows the distance walked during the first valid
s2MWT in the persons with MS and in the 2 control groups.
Because one person with MS (with an EDSS score of 6.5)
walked <25 m, the distribution of distances walked by the
persons with MS was only normally distributed after removal
of this data point (P=.06 on a Shapiro-Wilk test). The estimated
distance walked was normally distributed for the HC-matched
group and the HC-normative group because the Shapiro-Wilk
tests on these distributions yielded P=.48 and P=.24,
respectively.

Figure 4. Distributions of the distance walked on the first smartphone-based 2-Minute Walking Test (s2MWT) for the 3 groups in this study. The thin
solid line shows the distribution for persons with multiple sclerosis, the dotted line shows the distribution for the healthy control–matched group, and
the dashed line shows the distribution for the healthy control–normative group. The thick solid lines represent Gaussian fits to the distributions, of which
the means (SDs) are shown in the legend.

The 2 groups of HC participants had the same underlying
distribution as confirmed using a 2-sample
Kolmogorov-Smirnov test (Kolmogorov-Smirnov
statistic=0.21; P=.44). Independent 2-sample t tests between
persons with MS versus the participants in the HC-matched

group and persons with MS versus the participants in the
HC-normative group confirmed that the s2MWT can distinguish
between persons with MS and HC participants at the group level
(P=.004 and P<.001, respectively).
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Concurrent Validity
A Shapiro-Wilk test on the distribution of the differences
between the distance determined with the s2MWT and the
distance measured using distance markers on the pavement

accepted normality (P=.97). This distribution is shown in Figure
5. The distance determined with the s2MWT was on average
8.43 m or 5% (SD 18.9 m or 11%) higher than the distance on
the 2MWT (n=43). Here, the percentage is the difference divided
by the 2MWT distance, times 100.

Figure 5. Distribution of differences between the measured distance walked by the app (smartphone-based 2-Minute Walking Test [s2MWT]) and the
distance markers (2-Minute Walking Test [2MWT]). The dashed line represents a normal distribution.

A dependent 2-sided t test between the 2MWT distance and the
s2MWT distance measured in these validation assessments
yielded a test statistic of −2.9, with P=.006. Because this is
below the significance level of 0.05, we must reject the null
hypothesis of equal averages.

Figure 6 is a Bland-Altman plot of the 43 pairs of distance
determinations derived from the validation assessments. The
2MWT distance is shown on the horizontal axis. On the vertical

axis of this plot, the percentage difference between the s2MWT
and the 2MWT is shown, which is calculated as explained
above. The mean percentage difference is shown as a horizontal
dashed line, the 95% CI, at 1.96 × SD around the mean
difference is presented with 2 horizontal dotted lines. Distance
determinations of persons with MS are presented with blue
circles and those of HCs in the matched group, with green
diamonds.
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Figure 6. Bland Altman plot of differences between the measured "distance walked" by the app (smartphone-based 2-Minute Walking Test distance)
and the distance markers (2-Minute Walking Test distance) expressed as percentages of the 2-Minute Walking Test distance (Δ distance / 2-Minute
Walking Test distance) versus the 2-Minute Walking Test distance. The dashed line shows the mean percentage difference, the dotted lines show the
95% CI.

In Figure 7, the distance measured on the s2MWT is plotted
against the distance measured on the 2MWT. ICC(A,1) values
are shown for persons with MS and HCs separately (see legend
in Figure 7) and for the combined data set, which is shown in

the top-left corner of Figure 7. The Spearman rank correlation
and corresponding P value for the combined data set are also
shown in the top-left corner of Figure 7.
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Figure 7. Scatter plot to show the ICC(A,1) values and the correlation (Spearman rho, upper left corner) between the measured ‘distance walked’ using
distance markers (2-Minute Walking Test, horizontal axis) and the distance measured by the app (smartphone-based 2-Minute Walking Test, vertical
axis). A 45 degree black solid line shows a 1:1 correlation.

The relation between the disability as measured by the EDSS
and the s2MWT scores is presented in Figure 8. Distance
determinations of persons with MS are presented with blue
circles. A black solid linear regression line is overplotted. The

Spearman rank correlation and corresponding P values between
the two variables are also shown in the bottom-left corner of
Figure 8. We found a fair correlation that however failed to be
statistically significant.
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Figure 8. Relation between the distance walked on the first test done with the smartphone-based 2-Minute Walking Test and the Expanded Disability
Status Scale score, for the 25 persons with multiple sclerosis that participated in this study.

Test-Retest Reliability
The ICCs(A,1) (with their 95% CI), Cronbach α, Cohen d, SEM,
and SDC values that were derived from 9 test-retests of the
s2MWT for the persons with MS and the participants in the
HC-matched group are listed in Table 2, and the values of those
derived from the 2 test-retests performed by the HC-normative
group are shown in Table 3. The mean values of the ICC(A,1)

for persons with MS, participants in the HC-matched group,
and participants in the HC-normative group were 0.649 (SD
0.150), 0.600 (SD 0.090), and 0.700 (SD 0.029), respectively.
These indicate a good test-retest reliability. The corresponding
average SDC values were 58.1 (SD 13.7) m, 61.8 (SD 15.0) m,
and 51.1 (SD 0.1) m, which is 35% (58.1/165.5), 32%
(61.8/193.5), and 27% (51.1/188.7) of the group’s mean distance
walked during test and retest, respectively.
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Table 2. Test-retest reliability scores of the smartphone-based 2-Minute Walking Test for persons with multiple sclerosis and participants in the healthy
control–matched group.

SDC of HC
participants
(m)

SDCd of
persons
with MS
(m)

SEM of HC
participants
(m)

SEM of
persons
with MS
(m)

Cohen d of
HC partici-
pants

Cohen d of
persons
with MS

Cronbach α
of HC partic-
ipants

Cronbach
α of per-
sons with
MS

ICC(A,1;
95% CI) of

HCc partici-
pants

ICCa(A,1;
95% CI) of
persons

with MSb

Test-
retest

84.766.430.624.00.1500.301.708.6400.554 (0.171
to 0.791)

0.462
(0.086 to
0.727)

1

79.366.628.624.00.2190.369.742.6940.589 (0.206
to 0.818)

0.509
(0.142 to
0.759)

2

48.864.217.623.20.1450.185.863.7680.723 (0.391
to 0.890)

0.624
(0.280 to
0.827)

3

66.564.624.023.30.0460.098.596.7870.439
(−0.057 to
0.756)

0.657
(0.322 to
0.845)

4

63.744.223.015.90.0660.035.690.8800.545
(−0.008 to
0.837)

0.793
(0.547 to
0.913)

5

64.434.123.212.30.1980.114.788.9320.659 (0.141
to 0.895)

0.873
(0.698 to
0.950)

6

59.142.921.315.50.1200.242.757.9120.633
(−0.031 to
0.905)

0.823
(0.584 to
0.930)

7

35.470.612.825.50.0100.154.794.6630.707
(−0.447 to
0.966)

0.504
(0.059 to
0.781)

8

54.469.919.625.10.6150.360.699.7610.553
(−0.773 to
0.986)

0.595
(0.148 to
0.846)

9

61.858.122.321.00.1740.206.734.7820.600
(−0.045 to
0.871)

0.649
(0.318 to
0.842)

Mean

aICC: intraclass correlation coefficient.
bMS: multiple sclerosis.
cHC: healthy control.
dSDC: smallest detectable change.

Table 3. Test-retest reliability of the smartphone-based 2-Minute Walking Test for the healthy control–normative group.

Smallest detectable change
(m)

SEM (m)Cohen dCronbach αICCa (A,1; 95% CI)Test-retest

51.018.40.031.8350.721 (0.548-0.835)s2MWT test-retest 1

51.118.40.119.8070.680 (0.421-0.840)s2MWT test-retest 2

51.118.40.075.8210.700 (0.480-0.837)Mean

aICC: intraclass correlation coefficient.

We also calculated the ICC(A,1), Cronbach α, Cohen d, SEM,
and SDC corresponding to the comparison of the average of the
first 5 s2MWTs with the second 5 s2MWTs for persons with
MS and the matched HCs. The results are shown in Table 4.

When averaged over 5 tests, the SDC values for persons with
MS and the matched HCs were reduced to 16% (25.1/156.5)
and 21% (40.7/193.5) of the group’s mean distance walked,
respectively.
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Table 4. Test-retest reliability scores of the smartphone-based 2-Minute Walking Test based on the comparison of the mean value of the first 5 test
scores with the mean value of the second 5 test scores for persons with multiple sclerosis and the healthy control participants in the matched group.

Smallest detectable
change (m)

SEM (m)Cohen dCronbach αICCa (A,1; 95% CI)Group

25.19.00.028.9770.956 (0.898-0.981)Persons with multiple
sclerosis

40.714.70.220.8590.750 (0.381-0.915)Healthy control–matched

aICC: intraclass correlation coefficient.

The Cohen d values in Tables 2, 3, and 4 show that the practice
effect is medium for persons with MS and small for HCs in the
matched group when averaged over all test-retests. However,
when comparing the average scores of the first 5 tests with those
of the second 5 tests, the practice effect is small for persons
with MS and medium for HCs in the matched group. For the
HCs in the normative group, practice effects were small. When
investigating the practice effect in the validation assessments,
we found, on average, an increase of 10.6% (SD 12.5%) and
9.7% (SD 7.8%) in 2MWT distance walked for persons with
MS and distance walked by HC participants, respectively. With
corresponding Cohen d values of 0.66 (persons with MS) and
0.59 (HC-matched participants), this is considered a large
practice effect.

Interview Results
Out of 7 participants with MS, 5 participants with MS who were
interviewed about their experiences with the smartphone app
and Fitbit activity tracker in general experienced some technical
difficulties with the test, such as issues with the GPS signal or
that the test suddenly stopped. Respondents were frustrated
about these issues. Furthermore, 3 respondents mentioned that
they had more or less stable s2MWT results during the study,
whereas for 4 respondents, the results showed more fluctuation.
One respondent explicitly stated that being faced with these
fluctuations was emotionally confronting to her. Moreover, 3
respondents experienced a competitive element in the
s2MWT—feeling the pressure to reach the same distance every
time. Of these, 1 respondent wanted to improve her score by
walking a little faster. Difficulties in making the s2MWT a
routine element of their daily life were reported by 3
respondents. For instance, 1 respondent expressed annoyance
about having to perform the test at specific moments of the
week, whereas another respondent sometimes forgot to do the
test, which made her feel guilty. However, in general the
interview respondents expressed that the instructions for the
s2MWT were clear and that the test was easy to perform.

Discussion

Principal Findings
We found that the s2MWT can distinguish between persons
with MS and HC participants at the group level. The estimated
distance walked on the s2MWT is, on average, 5% (SD 11%)
higher than the distance measured using distance markers.
Therefore, we cannot conclude that the average s2MWT distance
is equal to the average 2MWT distance, which is also reflected
in the outcome of a dependent 2-sided t test between the 2
distributions (P<.05). The duration of the s2MWTs of the

persons with MS and matched HCs was, on average, 2.86 (SD
5.74) seconds too long, which could explain why the s2MWT
overestimates the distance walked. However, the distances
measured with the s2MWT highly correlated with the 2MWT
distances; we found a Spearman rank correlation of 0.85.
Furthermore, a very good concurrent validity for persons with
MS and a good concurrent validity for HC participants was
established, given the ICC(A,1) values of 0.82 and 0.69 between
the s2MWT distance and the 2MWT distance, respectively.

The correlation between the s2MWT score and disability as
measured by the EDSS was fair but not significant. However,
per the definition of the EDSS, persons with MS having EDSS
scores of 4 or lower have full ambulation (including the ability
to walk without aid or rest for some 500 m) [3]. As there were
only 4 study participants with EDSS scores >4, it is not strange
that the correlation that we found was not significant.
Furthermore, if we had not included the person with the EDSS
score of 0, we would have found a significant (P=.049)
Spearmen rank correlation of −0.41 between EDSS and the
distance walked on the first s2MWT.

The 9 test-retest analyses showed that the test-retest reliability
was good for the persons with MS (average ICC[A,1] 0.649,
SD 0.150) and matched HCs (average ICC[A,1] 0.600, SD
0.090). In addition, the test-retest reliability we found in the
HC-normative group was good, with an average ICC(A,1) value
of 2 test-retest analyses of 0.700 (SD 0.029). Practice effects
between consecutive tests were, on average, medium for persons
with MS and small for HCs in the matched group. However,
the practice effect between the average score of the first 5
s2MWTs compared with the average score of the second 5
s2MWTs was small for persons with MS and medium for HCs
in the matched group. The practice effect between the 2
validation assessments was large. The study participants may
have felt pressure to reach the same distance as during the first
validation assessment, which could have resulted in faster
walking speeds during the second validation assessment. On
average, there were 65 (SD 44) days in between the 2 validation
assessments.

We derived an SDC of 58.1 m and 61.8 m for persons with MS
and matched HCs, respectively, from the individual s2MWT
test-retest assessments. These values seem rather large given
the respective typical walked distances of 165 m and 194 m of
these groups. Large day-to-day variations in the distance walked
during the s2MWT and the s2MWT measurement error
contributed to the large SDC. However, a smaller SDC can be
obtained by averaging over multiple measurements. Indeed,
from comparing the average distance walked in the first 5
s2MWTs with the average distance walked in the second 5
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s2MWTs, we derived SDC values of 25.1 m and 40.7 m for
persons with MS and matched HCs, respectively. This finding
implies that changes in walking speed that result in a more than
25.1 m change on the s2MWT score, when averaged over 5
measurements, are above day-to-day variations and measurement
noise.

It is important to distinguish the SDC from the minimally
important clinical difference (MICD). The MICD is the smallest
change in test score that is perceived as important by patients
and clinicians, whereas the SDC is the smallest change that can
be detected beyond measurement error. Preferably, a
measurement instrument has an SDC that is smaller than the
MICD, so that all clinically relevant changes can be
distinguished from measurement error. For the 2MWT, a MICD
of <10 m was found after MS rehabilitation [30], but a change
of 20% is generally considered an MICD for the T25FW
[31]—another walking test that is often used in MS—that highly
correlates with the 2MWT [6]. Although the SDC that we find
is larger than 10 m, the 25.1 m that we found after averaging 5
measurements correspond to 16% of the group’s mean distance
walked, which is less than 20%.

The interview respondents shared some important
considerations. Aside from technical issues that need to be
solved, performing the test can evoke emotional responses. For
instance, patients can feel confronted by the test results,
experience pressure to reach a certain distance, or feel annoyed
by having to perform the test regularly. However, the interview
respondents also expressed that the instructions for the s2MWT
were clear and that the test was easy to perform. Furthermore,
in clinical practice, the s2MWT is expected to be scheduled less
often than every 3 days, which was the test frequency applied
in this study. If the s2MWTs are scheduled, for example,
weekly, always at the same day of the week and at the same
time of the day chosen by the person with MS, it should be
easier to make self-monitoring walking speed a routine element
of daily life.

Limitations and Future Work
The 2MWT is a relevant outcome measure not only for persons
with MS but in a variety of health conditions such as chronic
obstructive pulmonary disease [32], lower limb amputation [33],
cardiovascular disease [34], osteoarthritis [35], Parkinson
disease [36], and Alzheimer disease [37]. This study limits itself
to persons with MS, and the validity of the s2MWT for
applications outside MS will still have to be demonstrated.
Furthermore, 84% (21/25) of the persons with MS participating
in this study had an EDSS score below 4. As can be seen in
Figures 5 and 6, all persons with MS walked ≥100 m in the
validation assessments, apart from 1 study participant (who had
an EDSS score of 6.5; Figure 8). Therefore, this validation of
the s2MWT limits itself to persons with MS who are able to
walk ≥100 m in 2 minutes. The validity of the s2MWT for slow
walkers, that is, those who walk ≤100 m in 2 minutes, has to be
demonstrated in a different validation study.

For this analysis, we had to limit ourselves to 76.7% (579/755)
of the s2MWT assessments done during MS Self. Most
assessments that were filtered out did not pass the acceptance
criteria that the s2MWT duration should be 120 seconds within

a 20-second margin. The assessment duration is derived from
the time difference between the first and the last GPS data point.
The GPS data collection frequency is typically 1 data point per
second or even per 2 seconds; therefore, the s2MWT assessment
duration is often 1 or sometimes even 2 seconds ≤2 minutes.
s2MWT durations that have much larger deviations from 120
seconds than 2 seconds must have been the result of data
collection deficiency. This data collection deficiency may have
arisen from memory loss or a clock synchronization error when
the app was unintentionally running in the background. The
20-second margin that we considered acceptable here is far from
ideal. Assessments that are on the border of being acceptable
(eg, an assessment with a duration of 105 seconds or an
assessment with a duration of 139 seconds) are expected to
result in a poor estimation of the distance walked in 2 minutes.
The data collection during s2MWT assessments was improved
after this study, and the improved s2MWT is currently
implemented in the MS sherpa app. It is expected that this new
s2MWT has a higher concurrent validity and test-retest
reliability than the s2MWT that was used in this study.
Preliminary results from the APPS MS (Assessing fatigue,
disease activity and Progression through smartPhone
Surveillance in Multiple Sclerosis) study confirm that the
test-retest reliability has indeed improved [18].

One should keep in mind that the s2MWT was performed on
the study participant’s phone, and technical specifications, in
particular GPS accuracy, may not be equivalent for all devices.
Although this study was not set up to compare s2MWT
performances of different phone types, we have not found large
differences between phone types in preclinical studies. Here,
we have partially accounted for the variability in phone types
in the data cleaning process, where we filtered out assessments
with low GPS accuracy.

Another limitation of this study and an opportunity for future
improvements is the algorithm that was used to calculate the
distance walked. The version used for this paper makes use of
the GPS data alone, while accelerometer data was also collected
during the s2MWTs in this study. GPS gives information about
where a person has walked, while the accelerometer provides
information about the forces that are exerted on the mobile
phone during the 2MWT, including gravity. The accelerometer
comes from an inertial measurement unit that is embedded in
the phone. Future work can improve the algorithm by making
use of the accelerometer data and data from various other
sensors of the inertial measurement unit, such as angular velocity
from a gyroscope. These additional sources of data allow for
various other kinds of information to be extracted, such as
balance and gait characteristics [8-13]. Furthermore, inertial
measurement unit data have been shown to be suitable for
walking distance estimation, for example, using machine
learning or dead reckoning [38,39]. The reason to prefer an
alternative to a purely GPS-based solution is that GPS has
inherent inaccuracies because of the dependency of satellites
in orbit. Anything such as large buildings or overpasses can
significantly reduce the accuracy of the GPS, resulting in
inaccurate distance estimations. The strengths of both data
sources combined can positively influence the reliability of the
measurements.
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In the s2MWT instructions during MS Self, it was not requested
to walk the same path every time the test is done. If the test and
retest were not done on the same location, the test result was
likely to be affected because of environmental effects, for
example, in an uphill walk, the user was expected to reach a
shorter distance than in a flat walk. In additional analyses, we
observed that walking a straight line was also preferable to reach
more accurate distance calculations. Therefore, we improved
the instructions for the users in the s2MWT that is currently
implemented in the MS sherpa app—they should walk in a
straight line as much as possible and try to walk the same route
every time they do the test.

In an MS clinic, a 2MWT assessment outcome is typically
established after averaging the distances walked in two or three
2MWTs. In this study, we scheduled one s2MWT at a time for
the convenience of the persons with MS performing the
assessments. Averaging over repeated smartphone assessments
may also improve the accuracy of the test. This should also be
kept in mind when comparing the test-retest reliability of various
walking tests in the literature.

The 2MWT distance estimations in the validation assessments
of MS Self may be up to a few meters off because of small
deviations in the walked paths with respect to the path set out
by the distance markers. In future studies that include validation
experiments such as those in MS Self, we propose to use
something akin to a measuring wheel, also known as a
surveyor’s wheel, to determine the actual distance walked during
a 2MWT by walking alongside the person being tested. We
expect that the distance walked in real life settings can be
determined very accurately with a measuring wheel.
Furthermore, it would be easy to choose a different path for
various validation assessments instead of following the same
distance markers as closely as possible each time.

As mentioned in the Principal Findings section, there were, on
average, 65 (SD 44) days in between the 2 validation
assessments, and as shown in Figure 3, some participants had
more than 130 days between the 2 study visits. Although this
does not affect the smartphone test-retest reliability, as we only
compared successive s2MWTs that were less than 20 days apart
for each user, it should be kept in mind when interpreting the
practice effect in the validation assessments. Furthermore, we
did not investigate whether the persons with MS experienced
any relapse during the follow-up nor did we investigate whether
they took any new medication that could have influenced their
walking performances, which would affect the test-retest
reliability. However, we did register that the occurrence of a
relapse was the reason to drop out of the study for one of the
included persons with MS.

In a future study, we will investigate how frequently the s2MWT
should be performed to obtain a clear picture of the walking
speed of a person with MS over time. Furthermore, we will
investigate how monitoring walking speed in a patients’ home
environment could help in making clinical decisions, for
example, in the evaluation of the effectiveness of a medicine

used to improve walking ability in persons with MS, such as
fampridine, or for measuring disease activity or disease
progression in MS. One can imagine that this digital biomarker
could help to early predict a transition to the secondary
progressive phase or to detect suboptimal treatment response.
Furthermore, this digital biomarker could potentially be used
for evaluating of the effect of MS rehabilitation.

Comparison With Previous Work
Although much of the literature is available on the 2MWT as
a relevant tool to measure walking speed in persons with MS
[6,40-44], little has been published about 2MWTs that can be
self-administered on a smartphone. The Floodlight smartphone
monitoring app for persons with MS, which was developed by
Roche, contains an s2MWT, that was shown to moderately
correlate with T25FW time [45]. This has recently also been
shown for the s2MWT that is implemented in MS sherpa [18].
The MSCopilot smartphone monitoring app for persons with
MS contains another alternative to self-assessed walking speed.
However, results on the performance of this smartphone walking
test have not been individually reported but only for the
combined digital Multiple Sclerosis Functional Composite
assessment scores [15].

It is already known that self-monitoring can evoke strong
emotions and sentiments [46]. It is crucial to be aware of the
potential burden of self-monitoring to patients, as a significant
user burden leads to unwillingness to use these technologies
[47]. Therefore, it is important to explore how digital
self-monitoring tools could be developed in such a way that the
burden is reduced [46,47].

Conclusions
This study shows a good concurrent validity of the s2MWT
because the ICCs(A,1) between the 2MWT and the s2MWT for
persons with MS and HC participants were 0.82 and 0.69,
respectively. The distance determined with the s2MWT is, on
average, 4.56% (SD 10.7%) larger than the distance measured
using distance markers on the pavement. It is expected that this
can largely be attributed to the s2MWT assessment durations
that were, on average, 2.86 (SD 5.74) seconds too long—an
artifact of the s2MWT that was used in this study that is no
longer present in the s2MWT implemented in MS sherpa. The
s2MWT has a good test-retest reliability because the ICC(A,1)
values averaged over all test-retests performed by the persons
with MS and both groups of HCs were in the range 0.6-0.7. We
conclude that the s2MWT can be used to measure the distance
that persons with MS walk in 2 minutes in the outdoors near
their home. Clinical studies and clinical practice can benefit
from this, as it allows the collection of real-world evidence for
interventions aimed to improve the walking speed of a person
with MS. Furthermore, a frequent assessment of walking speed
in the home environment of a person with MS may improve
clinical decision-making because it provides health care
providers with quantitative information about changes in their
patients’ walking speed.
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Abstract

Background: As the number of people living with chronic illnesses increases, providing wide-reaching and easy-to-use support
tools is becoming increasingly important. Supporting people in this group to recognize and use more of their personal strengths
has the potential to improve their quality of life. With this in mind, we have developed the MyStrengths app prototype, a gamefully
designed app aimed at aiding users in both identifying their strengths and using these strengths more actively in their daily life.

Objective: The goal of this study was to evaluate the user-reported feasibility and usefulness of the MyStrengths app. The study
additionally aimed to explore whether the use of MyStrengths could be associated with selected psychosocial outcomes.

Methods: A 31-day explorative feasibility trial with a pretest-posttest design and an optional end of study interview was
conducted. Data collection included system-use log data, demographic information, pre– and post–psychosocial measures (ie,
strengths use, self-efficacy, health-related quality of life, depression), user experience measures (ie, usability, engagement, flow),
and interview data.

Results: In total, 34 people with at least 1 chronic condition were enrolled in the study, with 26 participants (mean age 48 years,
range 29-62 years; 1 male) completing the trial. Among these individuals, 18 were also interviewed posttrial. Participants used
the MyStrengths app an average of 6 days during the trial period, with 54% (14/26) using the app over a period of at least 19
days. In total, 8738 unique app actions were registered. Of the psychosocial outcome measures, only 1 subscale, general health
in the RAND 36-Item Health Survey, yielded significant pre- and posttest changes. Posttrial interviews showed that the number
of participants who considered the MyStrengths app to be useful, somewhat useful, or not useful was evenly distributed across
3 groups. However, every participant did voice support for the strengths approach. All participants were able to identify a multitude
of personal strengths using the MyStrengths app. Most participants that reported it to be useful had little or no previous experience
with the personal strengths approach. A multitude of users welcomed the gameful design choices, particularly the rolling die
feature, suggesting strengths exercises, activities that use a specific strength, were well received.

Conclusions: Although the reported usefulness and feedback from use varied, most participants were favorable to the
strengths-focused approach to care and support. Consequently, low-threshold and wide-reaching mobile health tools that use a
strengths-focused approach, such as MyStrengths, hold the potential to support people living with chronic illness in performing
self-management and achieving mastery of their life.

(JMIR Form Res 2021;5(11):e30572)   doi:10.2196/30572
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Introduction

Background
The number of people living with 1 or more chronic illnesses
is increasing [1,2]. A recent review reported that up to 58% of
people in developed countries live with multiple chronic
diagnoses [3]. As the number of people living with chronic
illness increases, finding new and more efficient ways of
supporting them in living the best life possible with their illness
is imperative. Self-management, or the activities, tasks, and
skills one undertakes to manage life with illness, is one
important aspect of such approaches [4]. Programs aiming to
support and improve self-management often involve training
and support that may aid in coping well with life with illnesses
and include monitoring symptoms, adhering to medication
regimens, and learning coping strategies [4,5].

Adding to these types of self-management approaches, research
over the past few decades has also pointed to the potentially
complementary benefits of exploring more “positive oriented“
approaches to health care and nursing, such as focusing on
people's personal strengths when aiming to encourage, foster,
and support self-management in chronic illness [6-9].

Personal Strengths
The concept of personal strengths has its foundation in positive
psychology [7,10]. It has been defined as ”traits/capabilities
that are personally fulfilling, do not diminish others, are
ubiquitous and valued across cultures, and aligned with
numerous positive outcomes for oneself and others“ [11].
Colloquially phrased, focusing on strengths means emphasizing
what is valuable, possible, and doable, as opposed to the
problem- and deficit-focused approach often present in modern
medicine [12,13]. Being aware of and mobilizing one's strengths
may lead to a wide range of positive effects for people in the
general population, such as well-being and better quality of life
[14]. More specifically, Seligman et al [7] found related
increases in happiness and decreases in depression, Proyer et
al [15] found increases in well-being and happiness, Linley et
al [16] found better goal accomplishment, and Lee et al [17]
found increased resilience in the face of challenges. Similarly,
Wood and colleagues [18] connected strengths use in general
to well-being, vitality, self-esteem, positive affect, and
reductions in stress.

Although much of the strengths-related research has included
participants from the general population [11,19], previous
studies from our research group [12,20,21] have identified a
multitude of strengths important to people living with chronic
illnesses. In addition to items common to general strengths
classifications, such as the Values In Action strengths
classification [11] (eg, being kind and caring, persistent, having
a positive outlook on life, or having courage), people with health
challenges have also reported strengths vital to them to include
support from family and peers, positive relationships with health

care providers, and having helpful and constructive
self-management strategies.

Strengths Activities and Exercises
Strengths are not a static part of an individual's being but rather
something malleable that can be changed and developed [11].
Nevertheless, although research related to activities that support
people in recognizing and using their strengths, also called
“strengths exercises,” have been published in the last few
decades [11,22], few such studies and publications have focused
on the potential of these strengths approaches for persons with
chronic illnesses. Reviewing literature during the early phases
of this project, our research team [23] identified 6 interventions
described in 7 publications that included a personal strengths
focus in chronic illness management and care [24-30]. The
strengths activities used in these interventions included
questionnaires asking participants to select strength(s) that apply
the most to them [25,28,29], nominate their own strengths [26],
use a specific strength in an activity each day [28,29] or to, in
writing, reflect upon how they have used their strengths recently
[24,26]. Although none of the studies reported on the
development or adaption of the included strengths activities,
the reported activities are still in line with common approaches
for identifying and employing personal strengths [7,11,31-33].
These common approaches include using strengths in new and
creative ways [7]; “strengths spotting,” which involves reflecting
on how specific strengths are impacting you or trying to identify
strengths in others [11,33]; the “three good things in life
exercise” involving a daily routine of writing down three things
that happened that day that you are grateful for and why [7,34];
and finally, performing “random acts of kindness” involving
doing something that benefits others without directly benefiting
oneself [35,36]. As with the outcomes of strengths use in
general, as presented in the previous section, the identified
studies employed a variety of outcome measures, including
well-being [25-27,29,30], positive and negative affect
[24,25,27], depression [24-26,29], strength-related outcomes
such as self-esteem [27], and self-efficacy [30].

Strengths Support for People With Chronic Illness
Although “people living with chronic illness” reflect a large
and heterogenous group, many of the challenges faced in daily
life, such as fatigue, sleeping problems, difficult emotions, or
energy loss, are shared across diagnoses [37]. Aiding people
living with chronic illnesses to be aware of and use their
personal strengths more may lead to better wellness outcomes
[38], and interventions aiming to help increase people's
knowledge and use of their strengths may therefore be of great
value for people living with chronic illnesses.

Both general or illness-specific patient educational activities
and self-management training have been shown to benefit the
patients with, for instance, improved self-management strategies
and greater awareness of their condition [5], and to have positive
health-economic impacts [39]. The majority of such programs
appear to take place in municipalities and communities, while
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approximately one-third are hospital based [5]. These programs
are often group based and peer led, and the content varies, and
may include providing general and diagnose-specific
information, learning from and sharing with others in similar
situations, or conducting exercise sessions [40]. These programs
are also available in Norway, where this study was conducted,
and are often in the form of lifestyle courses that seek to improve
participants' quality of life by aiding them in finding
unrecognized resources within themselves and strengthening
their copings skills [5].

Still, not everyone living with chronic illness has the opportunity
to participate in self-management training, and some have also
reported feelings of loss or the need for follow-up sessions after
the programs have ended [5]. Owing to the ubiquity of
smartphones and other mobile devices, mobile health (mHealth)
tools hold potential for reaching a much larger audience than
do in-person interventions and other activities with care
providers [41]. Given this, mHealth can add channels to existing
services and also reach underserved populations or otherwise
not active users of existing learning or educational programs
[41].

Over the past few decades, an ever-increasing number of
mHealth tools have been developed for various target groups,
including weight [42] and stress management [43], medication
adherence [44], smoking cessation [45], and oral hygiene [46].
Whereas traditional in-person health interventions have the
benefits of health care providers or support personnel providing
individual guidance, mHealth tools, as the name implies, are
typically available to the user anywhere and anytime.
Availability does not guarantee use, however, and these tools
also need to be designed in ways that users find helpful,
motivating, and engaging [47-49]. A popular approach to
increase users' engagement with apps in general—and for
mHealth specifically—has for the past decade been to create
more playful and gamelike user experiences using design
approaches and techniques known from the world of games
[50-52]. Creating such gameful designs typically includes using
features such as competitions, collaborations, narratives, or
immersive visual designs to increase the users' value creation
and enjoyment [50,53,54].

In sum, finding ways to provide and deliver strengths-focused
support to people with chronic illnesses through personal digital
devices could benefit users and widen the overall service reach
in potentially cost-efficient ways.

The MyStrengths Project and App
Through earlier projects at our department, we have reported
on multiple aspects related to the strengths approach to care and

self-management including on the conceptualization of strengths
and health assets [38], patients insights into and requirements
of the strengths-approach [21], and the strengths reported by
patients [12,20]. With a high degree of participation from people
in the user group, our research group created the MyStrengths
app. The development process and design activities (eg,
idea-generating and design workshops with people in the user
group, seminars with an international advisory group of
researchers, and workshops with game and health technology
designers) have been described in detail in previous publications
[23,55-57].

The MyStrengths app is designed to help its users identify and
use more of their strengths. Its main feature is an assessment
and subsequent overview of the users' strengths. Each of the
strengths preprogrammed into MyStrengths—40 in total—is
presented as a sphere floating on the home screen (Figure 1).
The details regarding the development and identification of the
40 strengths chosen can be found in the work by Kristjánsdóttir
et al [12]. Unassessed strengths are shown as empty green
spheres that float up on the screen, a few at a time. When a
strengths item is clicked on and opened (as seen in Figure 2),
it can be read in full and rated as either yes (having the strength),
partially (partially having the strength), or no (not having the
strengths); or the user can skip the strength. Depending on how
the individual strengths are rated, they are colored red (having),
yellow (partially), blue (not having), or green (skipped). Should
the users feel that a strength is missing from the list, they can
add additional strengths themselves. Having assessed ones'
strengths, the app will suggest 2 to 3 strengths exercises for
how to use and develop these (see Figure 3). When planned
exercises are marked as completed, a short burst of celebratory
stars showers the screen. The app also allows users to write a
short reflection on the exercise and the strength used (see Figure
4).

Another key feature of the MyStrengths app is a logbook in
which users can register how their day has been by choosing
between 5 smiley faces ranging from sad to happy (see Figure
5). This logbook also asks the users to do the positive
psychology exercise of entering three good things in life they
experienced that day [7,58]. Through the presentation of all
logged information, each day is summarized as cards with its
“smiley status,” three good things, and strengths used (Figure
6).

To instill a sense of playfulness and surprise, the menu panel
of the app (as seen at the bottom of Figures 1, 6, and 7) also has
a die. When the die is pressed, a random exercise will be
suggested (Figure 7) for one of the strengths that the user has
rated as either having or partially having.
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Figure 1. MyStrengths home screen.

Figure 2. Strengths assesment.
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Figure 3. Exercise, with comment.

Figure 4. Reflections on strength.
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Figure 5. Smiley status and todays' three good things.

Figure 6. Log presentation.
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Figure 7. Die suggesting random exercise.

Aims
This study seeks to explore and evaluate ways of using mHealth
to support people living with chronic illnesses in recognizing
and using more of their personal strengths in their daily life to
improve their overall well-being and quality of life. The study’s
primary aim is to, through a month-long explorative feasibility
trial, examine the study participants' impression of and
experiences with strengths-focused mHealth apps in general
and the MyStrengths app specifically. Given the wide range of
measures used to examine outcomes or efficacies of
strengths-focused interventions for the target group [24-30], a
secondary aim of this explorative feasibility trial is to explore
which of these measures, if any, might preliminarily indicate
effects from the use of the MyStrengths tool.

Methods

Recruitment
The project was planned and conducted in adherence to the
principles of the Declaration of Helsinki [59] and approved by
the Privacy Protection and Data Security committee at Oslo
University Hospital (project #18/05449). All participants or
their legal guardians signed informed consents before taking
part in the study. Each participant received a gift card valued
at Norwegian kr 250 (approximately US $30) as compensation
for participating.

Participants were recruited through multiple channels: through
patient organizations or patient groups; through various health
care providers, such as hospital educational centers and
rehabilitation units; through advertising the trial on social media,

such as the research team webpage and Facebook; and through
our departments existing network.

Criteria for inclusion were being over the age of 16 years and
speak Norwegian, having 1 or more chronic illnesses
(self-report), and being smartphone user (either Android version
4.6 or newer, or iOS version 11 or newer).

Study Design
Between November 2018 and March 2019, a 31-day feasibility
trial was conducted using a mixed methods pretest-posttest
design, consisting of outcome measures being completed before
and after the trial period, logged data of participants’ app use
(ie, system use), and optional interviews posttrial. Using a mixed
methods approach is well suited for investigating possible
effects, or indications thereof, from using the MyStrengths app
while also exploring the individual participants' experiences
and views [60,61]. Participants enrolled at their convenience
during the trial period, and later, after 14 days of use (halfway
through the trial period), the third author (EHB) called each
participant and checked whether they had any issues or questions
regarding the app or study.

Data Types and Measures
To reach the study aims, a range of data types and measures
were included.

Sociodemographic and Disease-Related Information
A study-specific questionnaire including questions related to
age, gender, marital status, diagnosis, participant’s time living
with illness, and level of experience with smartphones and
tablets was collected at baseline.
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System-Use Log
Data logging each user’s system use, with details related to app
use, progress, and text input, were collected continuously,
encrypted, and stored at the Services for Sensitive Data at the
University of Oslo.

Psychosocial Outcome Measures
To achieve this study’s secondary aim—to explore whether
outcome measures used in strengths interventions [24–30] can
indicate effects from the use of the MyStrengths app—we
employed the following outcome measures as part of the pretest
and posttest (ie, at baseline and after completion of the 31-day
trial period).

Strengths Use Scale

The Strengths Use Scale [62] is a 14-item inventory measuring
awareness and use of own personal strengths. The items are
scored on a 7-point Likert scale from strongly disagree to
strongly agree. Higher scores indicate higher use of one’s
strengths.

The Positive and Negative Affect Schedule

The Positive and Negative Affect Schedule [63] is a self-report
questionnaire consisting of a 20-item scale describing the 2
main dimensions of people's mood: positive and negative affect.
The items are scored on a 5-point Likert scale from very slightly
or not at all to extremely. Higher positive affect indicates high
energy and pleasurable engagement, and low positive affect
indicates lethargy and sadness. High negative affect indicates
distress or general unpleasurable engagements, whereas low
negative affect indicates calmness and serenity [63].

Health-Related Quality of Life

The RAND-36 Measure of Health-Related Quality of Life [64]
consists of 36 questions related to health-related quality of life,
with 8 subscales (ie, physical functioning, role limitations caused
by physical health problems, role limitations caused by
emotional problems, social functioning, emotional well-being,
energy/fatigue, pain, and general health perceptions). The
response options are on various Likert scales (eg, 1-2, 1-5,1-7).
The scale options ranges include “all the time to not at all,”
“absolutely right to absolutely wrong,” “nothing to strongly,”
and “excellent to bad.” Higher scores indicate better functioning.

Self-Efficacy

The General Self-Efficacy Scale [65] assesses the strength of a
person’s belief in their ability to overcome challenges or respond
to new and challenging situations. The scale consists of 10
statements, such as “I can solve most problems if I invest the
necessary effort,” that are rated on a 4-point Likert scale, ranging
from “not true at all” to “exactly true.” Higher scores indicate
a higher degree of general self-efficacy.

The Center for Epidemiologic Studies Depression Scale

The Center for Epidemiologic Studies Depression Scale [66]
measures depressive symptoms and contains 20 statements
regarding the participants’ feelings over the past week, such as
“I cried” or “I felt happy.” These are rated on a 4-point Likert
scale ranging from “never” to “almost the entire time,” with
higher scores indicating the presence of more symptomatology.

User Experience Measures
Good usability, user-friendliness, and engagement are essential
to the success and adoption of mHealth tools [67]. To explore
the participants’ experiences with the MyStrengths app, the
study included 3 user experience measures in the posttrial test.

System Usability Scale

The System Usability Scale (SUS) [68] measures the users
perceived usability of MyStrengths. The SUS is a 10-item
questionnaire used as an end-of-test subjective assessment of a
system’s overall usability [69]. Each item contains a statement
(eg, “I found the system unnecessarily complex” or “I found
the various functions in this system were well integrated”) that
is scored on a 5-point Likert scale, ranging from “strongly
disagree” to “strongly agree.” Higher scores indicate better
usability.

Flow State Questionnaire

The “Flow State Questionnaire” of the Positive Psychology Lab
[70] aims to measure the users' optimal experience or flow [67];
that is, the experienced absorption in the activity and whether
the balance between challenges and skills is optimal. The
questionnaire contains 20 items in the form of statements (eg,
“I could effortlessly perform well” or “Time passed faster than
I thought it did”) that are scored on a 5-point Likert scale
ranging from “strongly agree” to “strongly disagree.” Higher
scores indicate a higher level of flow.

Personal Involvement Inventory

Users’ involvement with mHealth tools has been shown to be
related to their intrinsic motivation for using the tools [67,71].
To measure this, we used the shortened version of the Personal
Involvement Inventory [72], a 10-item self-report measure
gauging involvement and engagement in a tool or service. It
contains 10 different statements, all beginning with “To me,
the MyStrengths app is:” that are rated on a 7-point Likert scale
with bipolar adjectives at the extremes, including “important”
versus “unimportant,” or “boring” versus “interesting.” Higher
scores indicate more involvement.

Data Collection Procedures
The outcome measures and system-use log (app activity) were
collected online through the secure Services for Sensitive Data
at the University of Oslo, Norway. Participants received a link
via email to access a secure web portal to access and complete
the pre- and posttrial outcome measures. The pretest link was
sent to participants as a baseline and completed before receiving
access to the app. The posttest link was sent after the participants
had completed the 31-day trial period. The system log data were
encrypted by the app and then automatically sent to the secure
Services for Sensitive Data.

After completing the posttest, all participants received a
thank-you phone call from the research team, in which they
were also invited to take part in a follow-up interview if
interested.

The interviews were semistructured [73,74] and conducted by
either the first (SJ) or third (EHB) author. Each interview lasted
approximately 30 minutes and was guided by a semistructured
interview guide covering 4 topics: (1) general impression(s),
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(2) strengths functionalities, (3) design, and (4) additional input
and free feedback. The complete interview guide, including
suggested questions and follow-up questions, translated to
English, is available in Multimedia Appendix 1. To ensure the
interviews were conducted similarly, the interviewers conducted
the 2 first interviews together and subsequently made necessary
adjustments to the interview guide. All interviews were
audio-recorded, and the interviewer also took notes during the
interviews.

Analysis

System-Use Log
The system use log was transferred from the secure Services
for Sensitive Data and imported into Microsoft Excel [75] as
one large comma-separated values file. During cleaning and
sorting, only data from users who completed both the pre- and
posttest were kept. This decision was made to allow us to have
parity in the data from the use-log and quantitative outcome
measures. Log data for 31 days (ie, from the first login) were
used and examined for each participant. Using Power Queries
in Microsoft Excel, the use metrics’ final tallies were extracted.

Outcome Measures and Questionnaires
The outcome measures and questionnaires data were transferred
from the secure Services for Sensitive Data and imported into
Microsoft Excel as one spreadsheet. The data were cleaned and
sorted by the first author (SJ), and, as with the system use log,
only data from participants completing the trial were included.
Only including data from users completing the trial allowed us
to apply a repeated-measure design to analyze data, more easily
identify any effects on the measures used, and facilitate having
the same population for all the quantitative measures. The
individual forms were imported into SPSS 26 (IBM Corp) [76],
and the individual outcome measures’ scores were calculated
following each measure’s specific guides and procedures. Pre-
and posttest change scores were calculated, and their
significance was tested using paired-sample t tests. Cohen D
effect sizes [77] were also calculated for each measure.

Interviews
The interviews were analyzed using qualitative content analysis
[78] following a selective coding strategy [73] that focused on
the participants' use of and experiences with the MyStrengths
app. The analysis was conducted by SJ and EHB, who also had
conducted the interviews.

First, SJ and EHB read the transcribed interviews to familiarize
themselves with the entire data corpus. The transcripts were
imported into NVivo 12 (QSR International) [79], and,
employing a directed approach [80] and using the main topics

from the interview guide (ie, general, strengths, functionalities,
design, and free feedback) as initial codes, SJ and EHB
separately coded 2 interviews. The codes were then discussed
between the coders and merged into a new list used to code 4
more interviews. The code list was then discussed between SJ,
JM, and EHB, and further adjustments were made. The updated
code list was then used to code all interviews. At this stage, the
coding process and code list were also discussed with a
colleague well experienced with qualitative methods who served
as an auditor. Disagreements were discussed until one final set
of coded material was reached. In the end, the coding process
resulted in 5 top-level codes: (1) background, (2) use of the app,
(3) design and functionalities, (4) usability and user-friendliness,
and (5) experienced usefulness. Further, the coding yielded 21
subcodes in level 2 and, below these, another 13 in level 3.
Examples of the code hierarchy included design and
functionality → strengths and assessment → spheres or colors
(design), background → strengths → awareness, and usability→
improvements → split up/hide/focus on strengths. Using the
final code list, SJ and EHB authors coded the entire corpus. To
illustrate the findings, quotes from participants are included
throughout the presentation of the results. To ensure participants’
anonymity, quotations presented are not linked with diagnosis
or demographic information.

Results

Participants
In total, 34 participants were initially included in the trial. Of
these, 2 withdrew from the study, 1 could not be contacted and
thus did not respond postbaseline, 3 could not be contacted and
thus did not respond after the follow-up call at approximately
2 weeks, 1 was unable to install the app and therefore did not
participate in the trial, and 1 had technical issues with the
posttest and therefore did not complete the follow-up
questionnaire. Consequently, 26 participants completed the trial,
including the pre- and postmeasures. After trial completion, the
participants were invited to a posttrial interview, in which 18
agreed to participate. Figure 8 presents the recruitment flow of
the participants.

Demographic and background information for the 26 participants
completing the feasibility trial is presented in Table 1.

There were few demographic differences between the completers
and noncompleters: 1 of the 8 noncompleters was male, and
they had an average age of 54 (range 37-61); 7 of 8 had a lot of
experience with smartphones or tablets; and 6 of the 8 reported
7 (maximum) fondness for mobile or computer technology.
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Figure 8. Recruitment and participant flow.
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Table 1. Participants, characteristics, and demographic information (N=26).

ValueParticipant characteristic

46.8 (29-62)Age (years), mean (range)

48Age (years), median

Gender, n (%)

1 (3.8)Men

25 (96.2)Women

Marital status, n (%)

18 (69.2)Married/cohabiting

8 (30.8)Single/divorced

Educational level, n (%)

9 (34.6)Elementary/high school

14 (53.9)University < 4 years

3 (11.5)University > 4 Years

Employment status, n (%)

9 (34.6)Full-time/part-time work

2 (7.7)Student

15 (57.7)Sick leave/disability benefits

Diagnosisa, n (%)

12 (46.2)CFSb/MEc/fatigue/fibromyalgia

5 (19.2)Mental health

3 (11.5)Cancer/cancer related

5 (19.2)Rheumatic

8 (30.8)Chronic pain

6 (23.1)Neurological (eg, MSd)

8 (30.8)Other medical (eg, diabetes, kidney failure, Crohn)

Time living with illness (years), n (%)

9 (34.6)0-5

5 (19.2)6-10

6 (23.1)11-20

5 (19.2)20+

1 (3.8)Did not respond

Experience with smartphones/tablets, n (%)

0 (0.0)None

1 (3.8)A little

6 (23.1)Somewhat

19 (73.1)A lot

Fondness for mobile/computer technology, n (%)

0 (0.0)1-2

1 (3.8)3-4

10 (38.5)5-6

15 (57.7)7

aParticipants could report having more than 1 diagnosis.
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bCFS: chronic fatigue syndrome.
cME: myalgic encephalomyelitis.
dMS: multiple sclerosis.

System-Use Log
The 26 participants logged a total of 8738 unique actions during
the 31-day trial period, and 14 of the 26 participants used the
app for a period (days between first and last registered activity)
of 19 days or more. Of these, 11 used it over a period of 26 days
or longer. Table 2 shows the distribution of the participants' use

periods. On average, the users had 6 days with registered app
activities. Figure 9 presents all 8738 logged data points from
each user per day in the trial period (sorted after the last day of
use). Although the users varied in both number of days with
use and frequency, most activities took place early in the trial
period, with as much as 45.65% (3989/8738) logged already
on the first day of use.

Table 2. Use period (days between first and last registered app activity).

Participants, n (%), (N=26)Period of use (days)

1/26 (4)1

5/26 (19)2-6

1/26 (4)7-11

5/26 (19)12-18

3/26 (12)19-25

11/26 (42)26-31

Figure 9. Data points per day per user. The x-axis displays each of the 31 days of the trial. The y-axis displays the number of registrations per day.
The z-axis displays 1 lane each for the 26 users. The 3 colors are tiers of the last day with uses 1-10, 11-20, and 21-31, and with light and dark shades
alternating for visual clarity.
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The statistics of use for the unique features of the MyStrengths
app are presented in Table 3. The participants, on average, rated
37 strengths as “having” or “partially having,”. On average,
only 8.6 strengths were rated as “not having.” Ten of the
participants did not rate any strengths as “not having.” It should
be noted that users could change the rating on their strengths,
and thus some strengths are rated multiple times. Most of the
participants (ie, 24) started at least 1 of the preprogrammed

strengths exercises, and half of these also added their own
exercise(s). Sixteen participants added items to the “three good
things in life” activity, which they did an average 8.9 times.
The die, which suggests strengths exercises from strengths rated
by users as “having” or “partially having,” was used by 23
participants, who in total started 86 suggested strengths
exercises.

Table 3. Features and use statistics (N=26).

EntriesParticipant use, n (%)Feature

MedianMeanNumber

Strengths

37.543.2112226 (100)Strengths rated total

20.022.558426 (100)Strengths rated as “Having”

13.014.536225 (96.2)Strengths rated as “Partially Having”

4.58.613816 (61.5)Strengths rated as “Not Having”

9.07.6385 (19.2)Strengths skipped/not rated

3.05.910117 (65.4)Strengths reflection added (free text)

1.51.532 (7.7)Custom strengths added (free text)

Strengths exercises

5.08.019224 (92.3)Exercises started

5.07.313919 (73.1)Exercise rated

3.03.74412 (46.2)Custom exercises added (free text)

3.05.68415 (57.7)Exercise comment added (free text)

Daily log

5.08.914316 (61.5)Three good things in life added (free text)

3.04.810021 (80.8)Daily log smiley face registrations

Die

2.03.68323 (88.5)Die menu opened

2.04.38620 (76.9)Suggested exercise started

Free-Text Entries
The MyStrengths app allows users to add comment or free text
of up to 500 characters at various points in the app. The logging
also recorded these. An overview of these types of entries is
presented in the following sections.

Strengths and Strengths Reflections
In total, 17 of the 26 users added 101 free-text entries as
reflections on their strengths. These entries ranged from single
word affirmations that they had this strength (eg, “yes”) to
summaries of activities or situations they had taken part in (eg,
“played with the children today,” “getting better at this”). Some
comments were celebratory and regretful at the same time. For
instance, connected to the strength “I know how to set
limitations for myself,” a user wrote, “I have gotten better at
setting limits for myself, but many others do not understand
this.” Some of the reflections also had deeper, personal content.
For instance, as a reflection on their strengths, one person wrote
the following:

I appreciate what is good in life. After my child died
[as a teenager], life has morphed into something
different. Still, I have a good life today, 5 years after.

A similar comment to the strength “I am at peace with my
situation” came from another participant who wrote the
following:

When my daughter died [some years ago], it was nice
to be able to come to peace with the situation.

Although 17 of the participants added reflections to their
strengths in the app, only 2 added a total of 3 new strengths into
the app (ie, “I am open and share with others,” “I am efficient,”
and “I am fond of animals”).

Strengths Exercises
Eighty-four free-text comments were added to the strengths
exercises. Some were simple congratulatory comments
participants included for themselves, such as “great” and “works
OK, and is important,” or brief reflections, such as “good feeling
both physically and mentally,” or “gives me strength and
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confidence.” Some of the comments were also more
comprehensive and contemplative, as exemplified by these two
quotes:

Workout! Even if it’s only taking a walk around the
area. Time to myself is so important and shall be
prioritized for my own, as well as my family’s sake.

Participants added a total of 44 custom (or adapted) strengths
exercises in the app. Most of these were simple and primarily
specified activities the users planned to do, such as “take a
walk,” “rest enough,” “meet NNN once a month,” “Yoga,” or
“change medication dose.” As with the strengths reflections
above, a few of these inputs were also of a more cognitive
reflective nature, such as the following: “appreciate the little
things in life: coffee, smells…”, “grow when facing obstacles,
find people with knowledge, ask for help”, and “thank others
for being good people in my life.”

Daily Log
In the daily log, 143 entries were added as “good things” of the
day. Roughly half of these were brief, such as “worked 8 hours
today” and “went for a walk.” The rest were more elaborate,
for instance, the following:

Did a walk with dad, although I am not feeling great.
Perfect weather!

as able to take breaks instead of pushing on. A bit
drowsy and unwell today, so happy with that.

A few of the daily log comments were longer and reflective as
well as personal, such as the following:

Been very tired the past few days, with lots of pain in
the neck. Today started badly with a foul mood and
arguing with the kids, and it gets worse for me when
I am so frail. My daughter went off sad, returned, and

gave me a long hug before properly saying goodbye
and leaving for school. That felt very good!<3

User Experience Measures

System Usability Scale
The system usability was rated as 61.5, which is considered a
below-average experience. The center of the scale has been
rated at 68, and the de facto industry standard for providing an
above-average user experience is to achieve 80 points [81]. This
points to the overall user-friendliness of MyStrengths being less
than adequate.

Flow State Questionnaire
The main score was 2.83, which is slightly above the scale
midpoint of 2.5. Considering the 2 subscales separately, the
balance (task complexity) subscale averaged 2.58, and the
absorption subscale averaged 2.90. This indicates that the overall
flow intensity was medium, with the participants rating their
engagement (absorption) with the tool as somewhat higher than
that of the balance between task complexity and their skills.

Personal Involvement Inventory
The score was 3.85, which is slightly (0.35 points) above the
scale’s midpoint, pointing to an only slightly above medium
involvement. This likely indicates that the participants did not
find MyStrengths either fascinating, exciting, or appealing; or
mundane, unexciting, or unappealing; but instead somewhere
quite in between.

Psychosocial Outcome Measures
The pre- and posttrial outcome measures yielded effect sizes,
Cohen D [77], mostly in the small to medium range. The
paired-sampled t tests only yielded significant changes in the
general health dimension of the RAND-36 Measure of
Health-Related Quality of Life. The results from the statistical
tests and calculations are presented in Table 4.
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Table 4. Statistical results from the pre- and posttests.

Effect size (Cohen D)P valuet valueSESDMean differenceMean posttest
(n=26)

Mean pretest
(n=26)

Measure

0.31.131.560.080.430.132.952.82Self-efficacya

PANASb

–0.11.57–0.570.814.12–0.4623.6524.12Positive affect

–0.01.95–0.071.186.03–0.0822.2322.31Negative affect

–0.28.16–1.431.407.12–2.0019.1221.12CES-Dc

0.20.311.040.201.010.214.494.29Strengths used

Health-related quality of lifee

0.06.750.333.5618.131.1560.3859.23Physical function

0.00.990.002.6913.690.0041.3541.35Social function

0.25.221.275.2926.986.7319.2312.50Role physical

–0.11.57–0.579.0045.89–5.1370.5175.64Role emotional

0.18.380.901.547.831.3873.2371.85Mental

0.15.470.742.8614.572.1228.2726.15Vitality

0.03.890.154.2921.860.6337.3636.73Pain

0.44.032.242.7514.026.1537.3131.15General health

aGeneral Self-Efficacy Scale.
bPANAS: Positive and Negative Affect Schedule.
cCES-D: Center for Epidemiologic Studies Depression scale.
dGeneral Strengths Use Scale.
eRAND-36 Measure of Health-Related Quality of Life.

Interviews
The interviews covered many facets of the use of the
MyStrengths app as well as of life living with chronic illness
in general, and data material coding and analysis identified 4
major topics: strengths and overall thoughts on MyStrengths,
features and functionalities, design and usability, and the
strengths approach. These main topics are presented in the
following sections.

Strengths and Overall Thoughts on MyStrengths

Familiarity with Strengths

Most participants reported having some familiarity with thinking
about their strengths, and only 2 participants stated that this was
a new concept to them. When describing their connection to
strengths, 1 participant, who had been ill for many years,
described her strengths focus as a natural part of her daily life:

… That is what I feel I have been good at over the
years, thinking of my strengths—and using them.

Several interviewees reported having become familiar with
thinking of their strengths through courses and rehabilitation
activities they had attended over the years. When comparing
the MyStrengths app to previous experiences with
strengths-thinking, one participant said the following:

Through the years, and this is the ninth time I am at
physical rehabilitation, we have tried to focus on…

on these things. But, it has always been—you know,
together with others, so it is really nice to be able to
do it at home too.

Perceived Usefulness of MyStrengths

In terms of their perceived usefulness of the MyStrengths app,
the interviewed participants were evenly split 3 ways.

First, 5 of the interviewed participants that completed the trial
reported finding the MyStrengths app useful and described
enjoying the app and its novelty. Some of these users were new
to the strengths concepts and appreciated the newly raised
awareness about strengths, while others reported already being
aware of some of their strengths yet found the strengths
exercises beneficial. In describing the benefits of the
MyStrengths app, one user succinctly summarized her
experience:

…I feel like I have become more aware of my
strengths, and that I have used them more consciously,
and this has already led to… well actually positive
changes in my life… I thought I already knew this,
but it is something about using it yourself and
becoming more aware.

Five of the interviewed participants found the app to be
somewhat useful, both liking and disliking various aspects of
it and describing the design and the content to be adequate. One
participant stated the following:
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It was a couple of times when I kind of went “oh yeah,
that is right, things are quite all right with those
things, and those.” And I thought that was nice. But,
it was not really revolutionary in any way.

Finally, 6 did not find the app useful. Reasons ranged from
already being familiar with ones’ strengths, favoring a more
straightforward, to-the-point solution if in app form, or
preferring the content be delivered as courses. Another repeated
response from these users was that MyStrengths was “too
comprehensive” and “demanding” due to many questions,
prompts, or requirements for reflection.

Features and Functionalities Of MyStrengths

Strengths Assessment

The predefined list of strengths in the MyStrengths app contains
40 items. The participants, on average, rated more than half the
strengths as “having,” and during the interviews, participants
stated that seeing their strengths motivated them, gave them
something to be proud of, or reminded them of, for instance, of
the positive things in their life. No interviewees reported missing
strengths outside the 40 included items, and most reported no
issues with seeing strengths that did not apply to them, with
several also describing it as virtually impossible to make a tool
that fits every user perfectly. However, some did describe
finding the number of predefined strengths somewhat
overwhelming. Some also found it challenging to assess the 40
items in one session and often split the assessment over multiple
days: “I split it over 2 days…, it would have been too much to
answer all in one go.” Another user, who also thought the
number of strengths was high, would have preferred to limit
the number of strengths visible at one time in the app:

I thought there were quite a lot of them, yeah. And it
kind of became too many for me to go into each of
them and... think it over... actually. So, had it been
fewer, it might have been easier for me to use.

Strengths Exercises

The majority of participants had started at least 1 strengths
exercise in the app. Many of the participants interviewed
described having enjoyed the concept of strengths exercises,
and one participant voiced a common sentiment in describing
these:

…Obviously, it feels a bit more committing to fulfill
what you have written down... I mean, it feels like
something you must do as, well, one has promised to
do it either to oneself or… yeah…

Several of the participants wanted more strengths-exercises to,
in the words of one participant, “make it more interesting for
long term use.”

The users varied in their appreciation of the different types of
exercises. On average, the interviewees seemed to prefer
physically oriented strengths exercises (eg, “aim to do something
new this week,” or “show someone you care about that they are
important to you, tell them why”), over the more cognitively
oriented ones (eg, “think of one of your goals and break it down
into smaller actions” or “take a few minutes and consider what
it means to you to live in a safe environment”). Some of the

approximately 80 suggested strengths exercises in the app were
experienced as repetitions of things the participants described
having done before in other settings or courses. A few also
reported that the exercises could be either too time or resource
intensive, and some described this part of the app as a bit
overwhelming or too complex. Nonetheless, several interviewees
also noted that the strengths exercises could help them better
understand the connected strengths and their relevance to them.

Daily Log and Three Good Things Exercise

Sixteen of the participants added items to the “three good things”
exercise, and many were already familiar with the exercise. Of
the participants interviewed, everyone reported appreciating
this exercise, particularly how it could help them get an
overview of that day and emphasize their successes.

That is something I think is really nice, and I have
good experiences with… to write down 3 good things
and look back on that day, to see that I have actually
mastered something. That is good to keep in mind
and can be really uplifting and supportive.

Some additionally suggested having a more extensive range of
icons to select from within this exercise and using prompts or
notifications to remind them to do the registration daily or point
out good things they had already registered.

Die feature

Most of the interviewed participants had used the die menu at
least once, and many described the die both as a useful and
engaging feature. These participants reported liking that it was
a straightforward way to access the strengths exercises and that
it would suggest strengths exercises they would not necessarily
choose themselves. One participant, for example, likened the
die to being challenged by other people:

I found it fun to press that [the die], and then see what
would show up and whether it is something I could
manage. Obviously, you could not do everything then
and there. But it is nice to… well, I like to kind of, be
challenged by someone, and not come up with
everything myself, because then I tend to choose a bit
easier and safer, I dare say, if I were to choose for
myself.

A number of the interviewed participants also noted the
engaging factor of using the die. Both in terms of how it
provided surprises and how it was interesting to browse through
the various strengths exercises presented.

I especially liked the dice… how you just can press
it and then «ahh», maybe I will do that, and then I
opt it out, maybe not that one… And there are so many
small exercises or tasks. I think, I liked that there are
so many suggestions…

Design and Usability

General Design

A number of those interviewed reported they liked the overall
design of the MyStrengths app. Of the 18 interviewees. 9
generally liked the design, even though the degree of enthusiasm
varied. For example, one participant stated the following:
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Well, I think it was really nice. But… you know,
nothing either “wow” or “non-wow.”

Another said the following:

I really like that [the MyStrengths app] quite well. It
is… as we talked about, it seems a bit more playful,
instead of a list and then bang, bang, bang—this is
what you have to do. That is, like, very structured. I
like that… with the spheres and that they float around;
you kind of get the impression that it is not that
serious but at the same time useful. And concerning,
again back to mastery, you get a bit more pleasure
out of working on these things.

Of the other half of the interviewed participants, 3 reported
liking the design somewhat, and 6 reported not appreciating the
app’s overall design, describing it as sometimes chaotic or
cumbersome to use or sometimes being cognitively challenging.

Spheres

Approximately half of the interviewed participants reported
liking the spheres, with one participant saying the following:

[It’s] a lot funnier, haha. Of course! I am like a small
child who can press a button, and then things are
colorful.

Some described the spheres as reminding them of a lava lamp,
making the app appear somewhat “fresh” and calming. Others
did, however, describe the spheres as somewhat confusing and
difficult to track. Most participants reported appreciating the
movement(s) of the strengths spheres, stating that movement
made the app a bit more “alive.” At the same time, some
participants also expressed some hesitance toward the
movements, with one stating the following:

On a very tough day, it is tiring, but that is my
personal opinion. Others might simply find it pleasant
to see something with colors move slow, slowly...

Another user felt the same concern using the app on bad days
but described being selective about which days she used
MyStrengths, and stated the following:

I found it fun, haha… But, if I had a bad day, I might
have gotten tired by it. Still, for the days I used it, it
thought it was fine.

User-friendliness

The interviewed participants were also split related to the
perceived user-friendliness of the MyStrengths app, with
approximately half of the participants describing the app as
user-friendly. For instance, these users remarked on how the
colored spheres made them easy to distinguish by rating, how
few steps were needed to access the strengths exercises (either
through a specific strength or even easier by using the die), or
that the limited set of features made it easy to use and navigate.
Common issues raised by those who were less favorable were
that the spheres changed places on the screen when moving
between menus, they felt unsure as to what to do, and that it
was easy to lose track of where they were in the app. Several
participants suggested splitting the personal strengths assessment
into multiple sessions or allowing the users to choose which
spheres to keep active and onscreen.

Other comments related to use and usability included making
MyStrengths available on larger devices such as tablets and
PCs, using different colors on the spheres, or making the app
more responsive. Lastly, some interviewees suggested the app
could provide feedback on the actions done, such as
congratulating them on completing an exercise, giving
summaries of the strengths used in the past week, or, as
mentioned earlier, adding options for notifications and
reminders:

It had been super nice if you suddenly got a message
which said “remember how good syou are at this”
kind of. Then I would go “tnaaw,” how nice… I would
like that a lot.

The Strengths Approach
In discussing participants’ experience with MyStrengths, the
interviews also broached topics that touch on the overall subject
of strengths-based approaches.

Vulnerability and Ambivalence

Most participants reported that using their strengths more
actively resulted in positive feelings such as mastery or
confidence. As one participant stated the following:

I think it creates a positive awareness without…
talking of that app, without it reminding me of… I am
bad at doing this, in a way—and that you can only
get better at it.

However, some of the participants described a sense of
ambivalence concerning specific strengths. For instance,
strengths or even strengths exercises that a person had or could
do before becoming ill might now raise a sense of, or trigger,
sadness. Also, some of the strengths listed in MyStrengths could
be considered external, focusing on users’ surroundings, such
as family members, care providers, or economy, something that
the users may have little control over. Discussing this, one
participant stated the following:

I did find some of the items [in the strengths
assessment list] to be a bit, a bit touchy. For instance,
the ones with “those [people] around you”; you know,
it is about people close to you and how things are in
your surroundings. And for instance, when you are
ill for a long time, a lot of that gets lost… I mean, it
is nice to look and reflect on those things, but at the
same time, it is a bit… wow, cannot do anything about
that. I would like to, but I cannot. Just does not work.

Strengths lost were not necessarily considered a negative thing,
however, and some also considered these as regainable and
reasonable goals for things to do in the future. When discussing
working with strengths assessed as lacking, one participant said
the following:

It is a bit mixed. But, obviously, there are strengths
assessed as “not having” that one actually had before
becoming ill and that you would rather have back.
But, you also know that you will not manage that
today. And then it’s okay to focus a bit on that. Even
though you cannot do anything about it at the moment,
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and you would have to have it as a goal to do
something about it in the long run.

Exercising Strengths or Getting Rid Of Weaknesses?

When speaking of their strengths, many interviewees described
these not only as positive attributes but as a concept existing in
a dichotomous relationship with what they variably termed as
weakness, faults, or errors.

Yeah, it was really that... or should I say, that you
have somewhere you can go, to see how your day is
working, or not, and to focus on yourself and your
own stronger and weaker sides.

Most participants reported understanding and appreciating the
concept of working on their strengths instead of their
nonstrengths. Nevertheless, several reported also wishing to
work on gaining strengths they perceived themselves as lacking.
One participant, who was well experienced with mastery and
strengths training, explained as follows:

I get happy when opening the app. It, it reminds me
of what I manage and can. So yeah, there were new…
I did actually get new tips through the exercises,
things I was not aware of […] What is nice with it is
seeing all the strengths, that makes me happy,
everything that’s red [talking of the spheres rated as
“having”], it makes you kind of want to go through
the others [strengths], and get everything else red too
[…]

However, not all participants sought to gain new strengths, and
some chose to focus on the strengths they had, as one stated the
following:

Well, it was very few spheres that did not turn red
[marked as having] … And of course, I feel I benefit
from using and simply knowing that I am using, and
being aware that when I am doing this, it is good for
me. I am using some of my positive traits when doing
this, and I think that is positive.

Future Use?
When asked about whether they would keep using the
MyStrengths app after the trial, the participants were, again,
roughly split into 3 groups, with 6 stating that they would, 4
stating they might, and 5 stating they would not continue using
MyStrengths (3 interviewees did not answer this question).
Reasons for wanting to continue using the app included finding
benefits from using it, such as the app being a reminder of what
they are able to achieve, emphasizing what they can manage in
a situation when things do not always go as planned, creating
awareness of their strengths without also making them think of
the weaknesses, and facilitating a more deliberate use of their
strengths which has led to positive changes. Several participants
also noted how the app could motivate and support them to do
tasks and activities that they would not necessarily be able to
follow through with on their own:

When you can put those tasks and exercises into the
app… To me, living alone, it feels like more of a
commitment when I have added it as something I shall

do. It is motivating to know I have it there and that I
can do something about it.

Among those unsure whether to keep using MyStrengths, several
wanted to wait and see if new content or features, such as
reminders and notifications, could be added. Participants could
be put into 3 broad categories in terms of reasons for not wanting
to keep using the app: (1) those who did not appreciate the
overall design and visual concept, (2) those who did not find
much use for the strengths exercises, and (3) those who reported
already being quite familiar with their strengths. It should be
noted, however, that even those in this last group found strengths
that were new to them: “There was incredibly many there, and
even some I did not even think of as strengths.”

The Right Target Group
Regardless of what they thought about the MyStrengths app,
all of the interviewed participants described appreciating the
strengths approach, considered the strengths focus in chronic
illness care to be an important one, and welcomed the
MyStrengths app. One participant, a professional health care
provider, would also recommend the app for people in her care:

I look forward to this, hopefully, being generally
available for people with chronic illnesses so that I,
as a professional, can recommend it. That would be
really helpful.

Others reporting appreciating the MyStrengths app stated that
it helped raise or increase awareness of their strengths. For
instance, one participant stated the following:

Never done anything similar before. The first times I
found it extremely hard… to see strengths... and after
a while, you recognize it a bit more, that there are
strengths, and you use them in this way… Sometimes,
when not using the app, I think to myself, that is a
strength you have used—and give myself a little pat
on the shoulder.

However, several of those not describing the app as useful
pointed out that even though they did not find it useful, the app
could still benefit other groups of users. One interviewee
suggested the following:

As I say, it is a very nice app, even though it did not
really hit “bullseye” with me, and that some of the
themes were a bit iffy… It is likely a much better fit
for people who have not been “in the game” [of
chronic illness] for as long as I have.

As such, it is possible that finding the right target group, rather
than aiming for a “one-size-fits-all” approach, should be further
explored.

Discussion

Principal Findings
Strengths interventions have been around for a long time, and
as reported, many of the participants in this study had previously
been introduced to strengths approaches through rehabilitation
and educational courses. However, strengths-focused
self-management support tools have not been available in the
form of an app people can install on their phones. With
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MyStrengths, users can have access to strengths support right
there and then. All participants interviewed in this study voiced
support for strengths-based tools and provided a range of
positive and negative feedback related to MyStrengths’ design
and implementation. As there is little literature regarding
strengths-focused mHealth tools, this trial has functioned both
as an evaluation of the specific implementation, the MyStrengths
app, and an exploration into the feasibility of strengths-focused
mHealth interventions in general.

This study suggests that tools that focus on eliciting and
mobilizing personal strengths, such as the MyStrengths app,
may have the potential to support people living with chronic
illness and to identify and use their strengths in their day-to-day
life. The findings revealed 3 main points, which will be
discussed in the following sections: (1) all participants could
easily recognize multiple strengths within themselves; (2) the
participants highly varied in their preferences for strengths
exercises that they wish to practice; and (3) gameful designs
can engage users, even when done in a soft and toned-down
approach (ie, not emphasizing competitiveness or achievements).

Strengths Interventions

Everyone Has Strengths
On average, the participants rated more than half of the 40
strengths during the assessment in the MyStrengths app as
“having” and under 9 as “not having.” This is in congruence
with one of the foundational underpinnings of the strengths
concept: that everyone has strengths [7,13,82]. The findings
also show that in a process similar to strengths nomination [11],
the users were able to assess their strengths using the
MyStrengths app.

Although the participants all reported a substantial number of
strengths, the collected data did not identify the time it took
users to find their first strength. Niemiec [11] has discussed the
sometimes tricky task of getting users to recognize their first
strength when new to strengths interventions. However, this
may have a cascading effect, and identifying more strengths
can subsequently become easier, thus highlighting the
importance of making sure users can easily recognize their first
strengths. During the development of the strengths list used in
the MyStrengths app [12], prospective users contributed greatly
to the process of nominating and formulating relatable strengths
items. Based on the sheer number of strengths the individual
users recognized from this list in the current study, participation
of prospective users in these phases may be highly beneficial.

Some of the participants also highlighted feeling a sense of
vulnerability when assessing strengths they experience as
weakened or lost by changing life circumstances. Moreover, as
the strengths assessment presents strengths at random, one might
encounter situations where users start by rating many strengths
as “not having” or are reminded of strengths that are now
weakened or lost. Providing a positive onboarding experience
that introduces and prepares the users for the rest of the app can
be crucial, and starting this by not recognizing many strengths
is likely counterproductive. Ways to optimize the start of the
assessment can therefore be to make sure the first few items
presented during strengths assessment, for instance, are topically

distinct (eg, being outgoing and social, having a supportive
family, or being persistent), among the more popular strengths
in the user group (ie, something that would need to be based on
empirical evidence), or strengths that have been shown to be
connected to life satisfaction (eg, love, gratitude, or zest) [83].

Internal and External Strengths
Typically, strengths tools and interventions are based around
strengths that are internal to its users (eg, having zest, humility,
or perseverance) [9,11]. However, MyStrengths also include
external strengths and resources (ie, good relationships with
health care providers, a supportive family, or living in a safe
environment). The inclusion of these strengths stems from an
earlier project by our research department [12], in which
multiple external strengths were reported to be important by
the participants. In the current study, however, several
participants reacted negatively to some of these strengths, such
as those related to caregivers or their economic situation. Some
explained that these types of strengths are out of their control
and are thus elements they cannot impact or work on acquiring.
Addressing this type of issue, Kristjánsdóttir et al [84] grouped
strengths into 4 categories (ie, personal strengths, strategies,
resources in the environment, joy, and meaning), giving the
users the choice of which category of strengths to assess. For
MyStrengths, it might be that giving users the option to hide
unwanted strengths could reduce the negative experiences from
being reminded of strengths that are, for instance, out of reach.

Strengths or Weaknesses
Several interviewees reported wanting to work on what they
considered their weaknesses, to regain strengths that had been
weakened with their illness, or to simply gain as many strengths
as possible instead of focusing on actually using their strengths.
The benefits of the strengths approach come not only from
knowing one’s strengths or by having as many as possible but
also from using them actively [11,13,83], and while working
on one’s strengths can lead to further growth, remedying one’s
deficiencies merely returns the person to a state of equilibrium
[13]. Nonetheless, the wish for working on both strengths having
and not having was often voiced by participants during the
development of the MyStrengths app [23]. Therefore, the home
screen was designed to give users an overview of all strength
items rated, including those rated as “not having.” To place
primacy on the users’ present strengths, however, the spheres
are automatically sorted, and those rated as having are prioritized
and shown above those either partially or not having. The
broaden-and-build theory [85,86] posits that everyday positive
emotions can contribute to a cascade of other positive emotions.
Thus, if users can get a positive experience from mastering new
things, such as working on strengths they do not (yet) possess,
this might also contribute positively to the overall experience
of the app. Additionally, allowing users to work on the strengths
of their choice can also increase their sense of autonomy,
contributing to motivation and overall positive experiences [87].

Strengths interventions are typically conducted face-to-face
[11], affording the therapist or counselor to continuously adapt
the session to the receiver. With mHealth tools, this type of
guidance is usually not available, and making sure introductions
and tutorials more than adequately cover the purpose and
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rationale of the strengths-based approach should be of high
importance. The presented findings indicate that providing just
a short introduction when starting the app for the first time was
insufficient. Therefore, more comprehensive approaches, such
as giving users an in-person introduction where the app, its
content, and rationale is presented and discussed in more detail
may be beneficial [43].

Strengths Exercises
The feedback on the MyStrengths strengths exercises was mixed,
and preferences for types of exercise seemingly depend on
personal taste. Børøsund and colleagues [43] suggested that
variation in exercises and exercise types is beneficial to support
use. Similarly, some users in this study appeared to prefer
exercises asking them to do something concrete, while others
appreciated the more cognitively oriented exercises. A multitude
of sources for strengths exercises and activities exist
[7,11,33,38], yet little has been published on the actual
development of such exercises and activities. Even though based
on or strongly inspired by exercises described by existing
literature, the exercises used in MyStrengths have been adapted
to fit the connected strength. Although user evaluations have
been conducted for these exercises [23], further improvement
can be gained from the input provided by participants in our
study. Additionally, the free-text inputs in the app during this
trial yielded valuable insights into how users themselves write
strengths exercises.

Based on the variety of individual tastes and preferences related
to strengths, future strengths-focused tools should include
multiple varied exercises or activities related to each strength.
The pool of exercises could further be expanded by allowing
users to share exercises they have created with other users.
These two points could potentially increase the likelihood of
users finding content to their liking and could also carry the
additional benefit of users not having to repeat exercises but
instead find new content for a more extended period of using
the app.

The Right Target Group?
Regardless of what they thought about the MyStrengths app,
all interviewed participants described appreciating the strengths
approach and considered the strengths of chronic illness care
to be important. However, those not finding the MyStrengths
app useful did comment that it might be better suited for people
relatively new to living with their health issues. This also reflects
user feedback received throughout the development of
MyStrengths [23], and future research should consider including
more participants “new” to living with chronic illness when
designing non–disease-specific mHealth support and educational
tools.

Design and Usability

A Toned-down Gameful Design Approach
As mHealth tools naturally lack the person-to-person connection
common when seeing a counselor or a physiotherapist, it is
essential to design such tools in manners that increase the
likelihood of them being used as intended [88]. With this in
mind, gameful designs have become a common design approach

for mHealth apps specifically [50,54] as well as for apps in
general [89]. Design features that are competitive or otherwise
highlight the user’s performance, such as the number of
strengths assessed or exercises completed, have nevertheless
been avoided in the MyStrengths app. The reasoning for this
approach is that, as per the strengths perspective, the focus
should be on using one’s strengths, irrespective of how many
there are, and not necessarily focusing on identifying and adding
new ones [11,13]. Another critical aspect supporting this choice
is that guidelines [90] and empirical studies [91] have cautioned
against relying heavily on competitive elements in mental health
and well-being interventions.

User engagement can also be encouraged through softer, more
toned-down, gameful design approaches, such as creating user
experiences that are visually pleasing and enjoyable [50].
Examples of this can include theming the app as a growing
garden, in which growth is a metaphor for one’s progression
and development [91,92] or using the metaphor of a journey
toward a more flourishing life [49]. Using these kinds of
metaphors was also suggested by participants in the co-design
activities during the early development of MyStrengths [56].
The home screen of the MyStrengths app draws inspiration from
the ubiquitous lava lamp (ie, a bottle-shaped lamp in which
colored shapes of molten wax slowly floats around) and is
designed to encourage engagement by presenting the users’
strengths in a playful and calming manner. Although
interviewees in this study were split in their appreciation of this
design concept, those in favor reported enjoying the colors and
the movement of the spheres on the home screen.

One archetypical game design element that holds potential is
randomness [93]. However, it has not been widely used within
mHealth tools for well-being or mental health [94]. In
MyStrengths, the die draws exercises at random, and many users
reported liking this feature and used it to find exercises to their
liking quickly. By throwing the die themselves, users choose
to “ask” for exercises, which may also aid users in maintaining
autonomy instead of the app unsolicited suggesting exercises.
The die suggestions further seem to create similar experiences
to, or function as a substitute for, social interaction. As voiced
by several participants, the exercises suggested by the die were
acted upon much in the same way as if they had come from
other people. Thus, although the MyStrengths app does not
include any social features, it still appears to have provided
users with some form of social motivation, which can be very
powerful [87,95]. Despite the seeming ubiquity of social features
in mobile apps, none of the participants interviewed reported
missing social features such as sharing, collaboration, or
communication in MyStrengths.

Use and User-friendliness
The home screen is almost exclusively focused on the strengths
and the assessment of strengths, while all other features are
available after navigating to other screens in the app from the
menu at the bottom of the screen (Figure 1). Sieverink et al [96]
reported that users largely followed the structure and paths of
use presented on the main screen. It might thus be that the focus
on strengths and strengths assessment partially can explain the
vast difference in use between the assessment and the other
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features (see Table 3). For instance, 1122 strengths were rated,
while only 192 exercises were started, or 143 “three good things
in life” were added. On average, the participants used
MyStrengths on 6 unique days during the trial period, and
45.65% (3989/8738) of the total logged activity was done on
the first day of use alone. As presented in Figure 9 users stopped
using the app steadily throughout the trial period. A decline in
use over time is, however, typical in eHealth and mHealth [97].
In their study of a mHealth tool for diabetes management, Adu
and Colleagues [98] found that use steeply declined when
reminders were disabled after 2 of the 3 weeks of the trial period.
As also supported by participants during the interviews, it is
likely that notifications or reminders from the MyStrengths apps
could thus have contributed to maintaining user engagement
both in terms of duration and frequency of use.

When creating mHealth tools with gameful approaches, it is
also essential to make sure such design choices do not make
the tools overly complex or cumbersome to use [47,50]. In
referencing the overall number of spheres on the home screen,
many participants in this study found it overwhelming and
complex to navigate and use, potentially particularly so, as one
participant said, “on bad days.” Ease of use has been shown to
be an important aspect of users' continued commitment to
mHealth tools [99]. One feasible way of increasing the overall
ease of use and user-friendliness could be to simplify the app
by, for instance, allowing users to control the number of
strengths spheres visible.

The literature on gameful mHealth design for well-being and
mental health is still scarce [50,90]. In this study, ways of
creating gameful designs without the use of proverbial game
elements such as competitions or rewards have been presented.
To help mature this field, future research should further explore
approaches to engaging and gameful design in mHealth while
also making sure these designs and features are thoroughly
integrated into the tools in ways that are motivating, usable, and
meaningful [49,90,100].

Future Steps
Further development and efficacy testing of the actual
MyStrengths app depends on funding. However, the following
steps are recommended for future related research.

Based on this study, we wish to highlight 3 aspects related to
the use and usability of MyStrengths that could be improved.
First, an option to reduce the number of strengths spheres visible
on the screen at any given time and keep their place on the
screen constant (ie, disabling the spheres floating) could be
beneficial. Along the same line, a form of notifications should
be included. This could allow feedback to the users, such as
summaries of strengths used in the past week, and also
encourage app use, including reminding users to do
strengths-exercises or the “three good things in life” activity.
Third, the number of exercises included could also be increased,
including a variation to suit as many users as possible (eg,
including both physical and cognitive or mental tasks).

Despite the nonsignificant changes identified from the
psychosocial outcome measures, several of these (eg, the
General Self-Efficacy Scale, the Center for Epidemiologic

Studies Depression Scale, and the General Strengths Use Scale)
encouragingly yielded effect sizes in the small to medium range.
Such effect sizes are not uncommon in psychosocial
interventions (eg, Van Beugen et al [101]) and do not preclude
potential clinical impact. For instance, in consideration of the
possible reach of mHealth interventions, even small effect sizes
can provide improvements to overall public health [102].
Although strengths use can impact people’s well-being and
quality of life [14], the exact mechanisms still are somewhat
unclear, and thus future research should further explore these
aspects. Also, based on feedback from participants in this study,
future research should explore the possibility that
strengths-focused tools might be best suited for people new to
life living with illness or unfamiliar with the strengths approach.

Given these findings, an expansion of the demographics or
background questionnaire to include previous experiences with
strengths-focused tools and interventions as well as including
a posttrial questionnaire gauging use and impressions of the
tools, design, and content could also be of benefit. The
interviews in the current study mostly covered these aspects,
but a larger number of participants included in future studies
might allow inferences to be drawn concerning what types or
groups of users (eg, based on age, gender, diagnosis, familiarity
with strengths, or time with illness) strengths-focused mHealth
tools could be best suited for.

This study has, using the MyStrengths app as a vehicle,
demonstrated the feasibility of strengths assessment and
exercises in unguided mHealth tools, and we hope the
knowledge gained and shared from this work can be employed
in future internal (ie, departmental) and external projects
designing and testing mHealth solutions.

Strengths and Limitations
This explorative feasibility study, combining interviews,
outcome measures, and input from the system-use log, has some
strengths and limitations. First, the gender balance of the
participants in this study is heavily skewed, with 25 of 26 (96%)
being women. Recruitment procedures strived to encourage
more men to participate, unfortunately without success. Such
imbalance of gender participation is not uncommon to mHealth
research [103,104] and also mirrors the actual distribution of
users of health care apps and digital services in Norway [105].
Second, as only users who had completed the 31-day trial were
interviewed, we may lack feedback from users who potentially
did not enjoy the app as much and therefore did not complete
the trial.

On the other hand, it may be that these people already are
thoroughly familiar with their strengths and could thus be
considered outside the target group. Considering this, the
participants interviewed in this study may even better represent
the users. The heterogeneity of the participant group (eg, the
variation in age, diagnosis, time with their illnesses) could also
be considered a strength, as this allowed for a wide range of
feedback and perspectives from the participants. Similarly, the
fact that log data were only from participants completing the
pre- and posttests (although the noncompleters shared the same
basic background and demographical data) could be seen as a
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limitation, as the log data in this case may be skewed toward
those “liking” the app.

Strengths-focused mHealth intervention is a new field with little
existing research. Given this, what mechanisms are in play and
how to measure these are still not entirely clear. None of the
included outcome measures in the current study could yield
solid information about how such a strengths-focused mHealth
intervention could potentially impact users living with chronic
illness. However, being an explorative pilot study with a
relatively low number of participants (26) from diverse
backgrounds, the primary goal of this pilot study was not to
gauge any possible effects, and the result should thus not be
unexpected. This also means that although some of the measures
used showed medium effect sizes, no firm conclusion can be
drawn as to whether the measures used are sensitive to the
effects of using strengths-focused and positively oriented
mHealth tools. Future research should explore underlying
mechanisms or effects stemming from strengths interventions
further in more extensive and more robust studies.

There is a need for both more holistic and robust research on
eHealth and mHealth tools [61,106], and despite the described
limitations, the mixed methods approach [60] in this study,
using 3 data types (ie, the system-use log, the outcome measures,
and participant interviews), provides a solid empirical backing
allowing this study to provide important knowledge regarding
the feasibility of strengths-focused mHealth apps in general and
the MyStrengths app specifically.

Conclusions
This study describes the explorative feasibility trial of the
MyStrengths app, a mHealth tool that seeks to aid users in
recognizing and employing their own strengths. MyStrengths
is, to the best of our knowledge, the first mHealth tool of its
kind. Through this feasibility trial, we have shown that all
participants were able to identify a large number of their own
strengths using the mHealth app. Although their preferences
for exercises varied, most also found some they liked. The
playful design elements (ie, the colored moving spheres and the
die) were well received by parts of the participant group even
though some also reported issues or limitations. There are also
some indications that tools such as MyStrengths may be best
suited for people relatively new to living with their illnesses.
Based on this, future research should keep exploring the
opportunities of both strengths-focused and gamefully designed
mHealth apps.

Although impressions, reported usefulness, and feedback from
use varied in this study, most participants reported being highly
favorable to the strengths-focused approach to care and support.
As such, mHealth tools such as MyStrengths may have the
potential to support people living with chronic illness in a
strengths-focused approach to self-management and mastery of
their life. Further, as mHealth tools proverbially accompany
users everywhere, creating strengths-focused mHealth tools
may also increase the reach and availability of this form of
support for those living with chronic illnesses.
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Abstract

Background: The physical and emotional well-being of women is critical for healthy pregnancy and birth outcomes. The Two
Happy Hearts intervention is a personalized mind-body program coached by community health workers that includes monitoring
and reflecting on personal health, as well as practicing stress management strategies such as mindful breathing and movement.

Objective: The aims of this study are to (1) test the daily use of a wearable device to objectively measure physical and emotional
well-being along with subjective assessments during pregnancy, and (2) explore the user’s engagement with the Two Happy
Hearts intervention prototype, as well as understand their experiences with various intervention components.

Methods: A case study with a mixed design was used. We recruited a 29-year-old woman at 33 weeks of gestation with a
singleton pregnancy. She had no medical complications or physical restrictions, and she was enrolled in the Medi-Cal public
health insurance plan. The participant engaged in the Two Happy Hearts intervention prototype from her third trimester until
delivery. The Oura smart ring was used to continuously monitor objective physical and emotional states, such as resting heart
rate, resting heart rate variability, sleep, and physical activity. In addition, the participant self-reported her physical and emotional
health using the Two Happy Hearts mobile app–based 24-hour recall surveys (sleep quality and level of physical activity) and
ecological momentary assessment (positive and negative emotions), as well as the Perceived Stress Scale, Center for Epidemiologic
Studies Depression Scale, and State-Trait Anxiety Inventory. Engagement with the Two Happy Hearts intervention was recorded
via both the smart ring and phone app, and user experiences were collected via Research Electronic Data Capture satisfaction
surveys. Objective data from the Oura ring and subjective data on physical and emotional health were described. Regression
plots and Pearson correlations between the objective and subjective data were presented, and content analysis was performed for
the qualitative data.

Results: Decreased resting heart rate was significantly correlated with increased heart rate variability (r=–0.92, P<.001). We
found significant associations between self-reported responses and Oura ring measures: (1) positive emotions and heart rate
variability (r=0.54, P<.001), (2) sleep quality and sleep score (r=0.52, P<.001), and (3) physical activity and step count (r=0.77,
P<.001). In addition, deep sleep appeared to increase as light and rapid eye movement sleep decreased. The psychological measures
of stress, depression, and anxiety appeared to decrease from baseline to post intervention. Furthermore, the participant had a high
completion rate of the components of the Two Happy Hearts intervention prototype and shared several positive experiences, such
as an increased self-efficacy and a normal delivery.

Conclusions: The Two Happy Hearts intervention prototype shows promise for potential use by underserved pregnant women.
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Introduction

The pregnancy period is characterized by physiological and
psychological changes, including those affecting cardiovascular
response, hormonal balance, and sleep quality [1,2]. For
instance, marked cardiovascular and autonomic nervous system
adaptations result in various changes, such as increased heart
rate [3]. Moreover, various studies have reported a decline in
sleep quality, including shorter sleep duration and increased
awakenings, during pregnancy as compared to the prepregnancy
period, particularly among women in the third trimester [4-6].
In addition, physical activity levels are reduced during
pregnancy, and these changes are more pronounced in the third
trimester [7]. All these physiological changes together may
make pregnancy a stressful period, and consequently impact
the emotional well-being of pregnant women. Approximately
20% of pregnant women in the United States experience prenatal
distress (ie, stress, depression, or anxiety) [8], with as high as
35% experiencing elevated distress during the COVID-19
pandemic [9]. It is important to recognize that women of low
socioeconomic status are at a high risk of prenatal stress [10].
Hence, effective strategies are required to promote physical and
emotional well-being, healthy pregnancies, and improved birth
outcomes in these vulnerable populations.

Growing research has shown that physical activity and/or
mindful breathing promote positive maternal health [11-14].
However, there are mixed results concerning regular physical
activity and its benefits for improving sleep and emotional
well-being. A meta-analysis reported that regular exercise during
pregnancy reduced the odds of self-reported prenatal depression
by 67% (but not anxiety levels), with a greater reduction
observed among women receiving supervision during exercise
[11]. Moreover, an integrated mind-body approach such as yoga
has demonstrated a decrease in perceived stress, depression,
and anxiety [15]. An objective indicator of emotional state as
measured by heart rate variability (HRV) is the result of
cardiovascular and neurological automatic regulation [16].
Previous meta-analyses provide inconsistent evidence for the
physiological impact of physical activity on HRV and sleep
among pregnant women [17]. Sleep comprises an important
predictor of physical and mental health [18]. Recent studies
show that regular physical activity improves self-reported sleep
during pregnancy, but with varying effect sizes [17,19].
Although evidence suggests a decrease in perceived prenatal
distress after completion of mindful breathing practices
[12,13,20], little is known about the impact of mindful breathing
on sleep during pregnancy.

Existing literature suggests that mind-body interventions play
an essential role in health promotion through enhanced adaptive
responses during pregnancy [15]. Furthermore, coaching and
social support may enhance the impact of this integrated
approach to achieve emotional well-being. In line with these
findings, we created the Two Happy Hearts (THH) intervention

based on the self-management theory that emphasizes an
individual’s active engagement in self-monitoring and reflection
and, subsequently, taking steps to develop healthy behaviors
[21,22]. The THH intervention is a personalized mind-body
program coached by community health workers (CHWs); it
includes monitoring and reflecting on personal health, as well
as practicing stress management strategies, such as mindful
breathing and movement. CHWs play a critical role in promoting
a healthy lifestyle for pregnant women by providing
compassionate listening, connecting women to community
resources, and setting personalized goals and action plans
tailored to their capacity and need, while supporting them to
overcome potential barriers [23]. By building self-efficacy
through developing and sustaining healthy habits, THH
empowers women to gain self-management skills to proactively
cope with stress, anxiety, and depression during pregnancy.

Self-management can be enhanced with the adoption of wearable
internet of things (WIoT) technology [24]. Wearable sensors
have been used to objectively assess maternal health and
well-being during pregnancy given their validity and ubiquitous
health monitoring [25-27]. In our study, we used the Oura ring,
a smart ring validated to detect sleep characteristics and quality
[28]. Previous research has confirmed the validity of the ring
in measuring resting heart rate and HRV [29], as well as a
reliable method of quantifying the level of physical activity via
step count [30]. We used the Oura ring to collect objective data
to complement self-reported responses to help pregnant women
monitor their physical and emotional well-being, and to track
the completion rate of the THH mindful breathing and
movement components. The overarching research question was:
What is the participant’s usage and her perspectives regarding
the THH intervention prototype? The specific aims of the study
were to (1) test the daily use of a wearable device to objectively
measure physical and emotional well-being along with
subjective assessments during pregnancy, and (2) explore the
user’s engagement with the THH intervention prototype, as well
as understand their experiences with the prototype components.

Methods

Study Design
This case study design involved a single participant receiving
the THH intervention prototype. Both quantitative and
qualitative data were collected using a wearable device and by
administering closed- and open-ended survey questionnaires.

THH Intervention Prototype
We developed the THH intervention prototype according to the
American College of Obstetricians and Gynecologists (ACOG)
exercise guidelines and updated evidence on mindful breathing
[12,31,32]. Mindful breathing involved paced deep breathing
(ie, 3 minutes per practice, twice a day). Mindful movement
included brisk walking (ie, 30 minutes on most days), and
strength movement (ie, squat, plie squat, wall push-up, one-arm
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row, bicep curl, overhead press, and low row) with 12 to 15
repetitions per movement (3 times per week). Walking and
strength movement started and ended with 2 minutes of paced
deep breathing. All study visits were conducted virtually by a
trained CHW. The CHW assessed the participant’s physical
and mental health history, helped set personalized goals, created
an action plan suitable for the participant’s health condition,
fitness level and schedule, as well as provided continuous
support via text messages and/or brief phone conversations.

A unique feature of the THH intervention prototype was the
leveraging of technology to strengthen emotional and social
support provided to the participant. The Oura ring was used to
enhance the participant’s awareness of self-monitoring of vital

health indicators, such as resting heart rate, resting HRV, sleep,
and physical activity. Moreover, our research team designed
the THH mobile phone app to enhance the participant’s
experience with the intervention. The THH app was developed
using ZotCare, a health cybernetic service platform that makes
it possible to build a cybernetic system for data collection,
labeling, and intervention. Specifically, the app-based surveys
helped with self-reflection on physical and emotional well-being.
In addition, video demonstrations and guidelines were
incorporated into the app to increase the user’s access to
health-related education material on mindful breathing and
movement. Figure 1 shows the different components of the
THH intervention prototype.

Figure 1. Components of the Two Happy Hearts intervention prototype.

Study Setting and Participant Recruitment
We recruited 1 low-income pregnant woman from MOMS
Orange County (MOMS OC), a community-based nonprofit
organization that supports underserved perinatal women in
Orange County, California. The participant received the study
flyer from MOMS OC and contacted the THH research team.
She was subsequently screened by the study coordinator for the
following eligibility criteria: adult aged 18-40 years, having a
singleton pregnancy without medical complications restricting
physical activity, not engaged in a coached physical activity
and/or mindfulness program, and having a smartphone. The
participant consented to engage in the THH intervention
prototype facilitated by a CHW virtually, as required per
COVID-19 pandemic regulations.

Data Collection

Quantitative Data
Objective data were obtained from the Oura ring. Subjective
data (ie, responses to closed-ended questions) were collected
via the app-based surveys and the Research Electronic Data
Capture (REDCap), a secure web-based data collection survey
tool [33]. The app-based surveys included sleep recall, physical

activity recall, and ecological momentary assessment (EMA).
The REDCap collected pre-post intervention surveys at 33
weeks of gestation, before the start of the intervention, and at
1 week post partum.

Qualitative Data
Qualitative data were obtained from open-ended questions about
the participant’s user experience with the THH intervention.
The CHW recorded the participant’s responses on REDCap
during the interview. Additional feedback was received from
the participant via email.

Measures

Objective Measures of Physical and Emotional
Well-being
For the objective data, we used within-subject repeated measures
to monitor physical and emotional well-being. Cardiovascular
response (ie, average resting heart rate and HRV), sleep, and
physical activity data were collected daily using the Oura ring
[34]. Resting HRV was calculated in terms of the root mean
square of successive difference (RMSSD) of interbeat intervals.
Two attributes of sleep were selected for our analysis: sleep
stages and sleep score. Sleep stages include deep, rapid eye
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movement (REM), and light sleep. Sleep score ranges from 0
to 100 and denotes the quality of sleep [34]. The following are
suggested sleep score ranges to determine sleep quality: <70
(pay attention to sleep); ≥70 to 84 (good); and ≥85 (optimal)
[34]. Step-count data from the ring was used as an indicator of
physical activity level. The frequency and duration of the THH
mindful breathing and strength movement practice were
recorded with the THH mobile app.

Subjective Measures of Physical and Emotional
Well-being
The demographic survey was administered via REDCap to
understand the participant’s sociodemographic background,
physical and mental health history, and current
pregnancy-related conditions. Three validated psychological
measures that were previously tested with acceptable reliability
for studies involving pregnant women were used to assess stress,
depression, and anxiety [35-37].

The Perceived Stress Scale (PSS) [38,39] measures the
frequency of stress experienced over the past month on a 5-point
Likert scale, ranging from 0 (Never) to 4 (Very often). An
example of the PSS is “In the last month, how often have you
been upset because of something that happened unexpectedly?”
The PSS comprised 10 items with scores ranging from a
minimum of 0 to a maximum of 40 points.

The Center for Epidemiologic Studies Depression Scale
(CES-D) [40] was used to measure depression symptoms on a
4-point Likert scale, ranging from 0 (Rarely or none of the time:
less than 1 day) to 3 (Most or all of the time: 5-7 days). An
example question of the CES-D is “In the past week, I was
bothered by things that usually do not bother me.” The CES-D
included 20 items, with scores ranging from 0 to 60 points.

The State Trait Anxiety Inventory (STAI) [41] was adopted to
measure the extent of anxiety-related symptoms or emotions
on a 4-point Likert scale, ranging from 1 (Not at all) to 4 (Very
much). STAI includes 20 items with scores ranging from a
minimum of 20 to a maximum of 80 points. An example
question of the STAI is “I feel calm at this exact moment.”

A 24-hour recall survey was administered daily in the morning
using the THH mobile app to enhance pregnant women’s
awareness of personal health. The survey comprised 2 questions:
(1) “How would you rate your quality of sleep last night?” with
response options 0 (Very poor), 1 (Poor), 2 (Fair), 3 (Good),
and 4 (Very good); and (2) How physically active were you in
the past 24 hours?” with response options 0 (Not at all), 1 (A
little), 2 (Somewhat), 3 (Quite a bit), and 4 (A lot).

The EMA [42] was administrated daily around noontime using
the THH mobile app. Its purpose was to enhance the
participant’s awareness of her emotional states and to empower
her to manage negative emotions by engaging in mindful
breathing and physical activity. The EMA included 7 items
capturing both positive and negative emotions. Each item score
ranged from 0 (Not at all) to 4 (A lot). The questions related to
positive emotions assessed the participant's sense of health and
safety, with scores ranging from 0 to 8. The questions related
to negative emotions assessed the participant's feelings of

depression, stress, worry, anger, and loneliness, with scores
ranging from 0 to 20.

User Experience
User experience was measured using the REDCap closed- and
open-ended survey items to assess participant’s experiences
with the smart ring, app-based survey, as well as the THH
mindful breathing and movement components. An example of
a closed-ended survey item was “Practicing THH Mindful
Breathing helped me manage stress in my daily life” Response
choices were 0 (Completely disagree), 1 (Disagree), 2 (Neither
agree nor disagree), 3 (Agree), and 4 (Completely agree).
Open-ended questions sought to understand the user’s feedback
regarding the THH intervention prototype, for example, “What
was your favorite feature? Are there any changes you would
suggest for improvement?”

Analyses

Quantitative Analysis
Statistical analyses were conducted using Stata software (version
15.1; StataCorp LLC). Normality was determined for the
objective and subjective measures using histograms and
skewness tests. Regression plots with 95% CIs were used to
illustrate objective measures (eg, resting heart rate, resting HRV,
sleep score, stages of sleep, and steps) and subjective measures
(eg., positive/negative emotions, sleep quality, physical activity
level) from 33 to 40 weeks of gestation (Figures 2-12).Given
that we sought to understand the correlations between objective
and subjective data, subjective data were recoded numerically
[43]. Subsequently, Pearson correlation tests were conducted
to examine the associations between objective and subjective
measures of physical and emotional well-being. The sum scores
of the pre-post THH psychological measures were calculated,
with reverse coding applied where necessary. A higher PSS,
CES-D, and STAI score indicated greater stress, depression,
and anxiety level, respectively. The frequency, duration, and
completion rate of each THH intervention prototype component
were also reported.

Qualitative Analysis
For the qualitative analysis, we reviewed the responses to the
open-ended questions using content analysis, that is, a research
method providing perceived meanings and perspectives [44,45].
Coding and organization of the qualitative data involved 3 steps:
(1) review of responses to understand the participant’s
perspectives; (2) deriving codes that capture the participant’s
experiences; and (3) summarizing codes into themes [44].

Ethical Considerations
Prior to recruitment and data collection, study approval was
obtained from the institutional review board at the University
of California, Irvine. The study participant was screened for
eligibility and provided with a study information sheet outlining
her rights and participation requirements. Data collection began
after receiving the participant’s consent.
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Results

Participant Characteristics
The participant was in her third trimester at the time of
enrollment; she was a first-time mother without any medical
and pregnancy conditions restricting exercise. She self-identified
as Hispanic and Caucasian, preferred to speak English at home,
had completed some college education, and worked in an
administrative position. At the time of the study, she was
enrolled in the Medi-Cal public health insurance plan, was
divorced from the father of the baby and living with a male
partner. Prior to her pregnancy, she exercised 5 to 6 times a
week, but had reduced that to 3 to 4 times during early
pregnancy. Factors that motivated her most to exercise included
her desire for a healthy baby, healthy pregnancy, and improved
mental health. However, she was unable to maintain her regular
exercise routine due to the stay-at-home order pertaining to
COVID-19 restrictions until she enrolled into the THH
intervention. The total duration of her participation in the THH
intervention was 8 weeks (ie, 33-40 weeks of gestation). Data
were collected from April 18, 2020, to June 12, 2020.

Quantitative Results

Objective and Subjective Measures of Physical and
Emotional Well-being
The first aim of the study involved testing the objective and
subjective measures of well-being from the third trimester of
pregnancy until delivery. Figures 2 and 3 illustrate the
cardiovascular response patterns over the course of the final
trimester of pregnancy. Decreased resting heart rate was
significantly correlated with increased HRV (r=–0.92, P<.001).
Figures 4 and 5 show the positive and negative emotions over
time, as reported by the participant. Increased positive emotions
were positively correlated with HRV, an objective indicator of
emotional states (r=0.54, P<.001). The correlation between
negative emotions and HRV was not significant (r=0.18, P=.22).
Self-reported quality of sleep (Figure 6) was positively
correlated with the sleep score generated from the Oura ring
(r=0.52, P<.001; Figure 7). In terms of the stages of sleep, deep
sleep (Figure 8) appeared to increase, whereas light sleep and
REM sleep appeared to decrease (Figures 9 and 10). There was
a gradual increase in the level of self-reported physical activity
(Figure 11), which was positively correlated with steps (Figure
12) from the smart ring (r=0.77, P<.001).

Figure 2. Average resting heart rate. HR: heart rate.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e30991 | p.430https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 3. Average resting heart rate variability. RMSSD: root mean square of successive differences.

Figure 4. Self-reported positive emotions. EMA: ecological momentary assessment.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e30991 | p.431https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 5. Self-reported negative emotions. EMA: ecological momentary assessment.

Figure 6. Self-reported quality of sleep.
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Figure 7. Sleep score as measured by the Oura ring.

Figure 8. Stage of sleep (deep sleep).
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Figure 9. Stage of sleep (light sleep).

Figure 10. Stage of sleep (rapid eye movement, or REM sleep).
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Figure 11. Self-reported level of physical activity.

Figure 12. Step recordings as measured by the Oura ring.

Experience With the THH Intervention Prototype
The second aim of the study sought to understand the
participant’s engagement with the THH intervention prototype
and her overall user experience. Table 1 shows the participant’s

engagement (ie, frequency and duration) and high completion
rate (94.6%-100%) of the THH intervention prototype
components, specifically the smart ring, app-based surveys, and
mind-body movement..
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Table 1. Engagement and completion of the Two Happy Hearts (THH) intervention prototype.

Frequency or duration (% completion rate)THH intervention components and their description

Smart Ring

Daily for 56 days (100)aResting heart rate, resting heart rate variability, sleep, step output

App-based surveys

Once a day for 56 days (100)a24-hour recall of general health

Once a day for 53 days (94.6)a,bEcological momentary assessment

Mind-body movement

Average of 9666 steps a day for 55 days (98.2)a,cWalking (step count)

Twice a day (3 minutes per practice) for 2 weeks (100)aMindful breathing

Three times per week for 5 weeks (100)aStrength movement

aTotal days in the THH intervention prototype=56 days. Components of the intervention were brought in at different times.
bThree days of missing data.
cOutlier excluded.

Table 2 shows the observed changes before and after completing
the THH intervention prototype. All psychological measures,
including PSS, CES-D, and STAI scores, appeared to decrease
from baseline to postintervention. The participant rated her
satisfaction with the THH intervention an average score of 3.5
(SD 0.9) out of a total of 4 points. She particularly enjoyed

using the smart ring, completing the app-based surveys, and
mindful strength movement, indicating that the ring was
comfortable and easy to use, completing the app-based questions
did not interfere with her daily life, and that the strength
movement helped her to have a normal delivery.

Table 2. Psychological measures before and after the Two Happy Hearts (THH) intervention prototype.

Postpartum reduction of score

(1 week after delivery)

Baseline score

(at 33 weeks of gestation)

Psychological measures

611Perceived Stress Scale (max score = 40)

717Center for Epidemiologic Studies Depression Scalea (max score = 60)

2024State Trait Anxiety Inventoryb (max score = 80)

aA score of ≥16 indicates depression [46].
bA score of ≥45 indicates anxiety [36].

Qualitative Results
Regarding user experience, the study participant described the
intervention as positive and beneficial. Responses to the
open-ended surveys were summarized under the 4 main themes
described below.

Social Support
The participant noted the care and support received from her
THH health coach, saying the following:

…feels like talking with a sister or good friend. I knew
I was working with someone who genuinely cared,
and had my best interests in mind. We worked
together for several weeks to better the programming
and fine-tune the comfort of the plan I chose.

Health Tracking
The THH mobile app was easy to navigate, and the participant
enjoyed using the app to practice her exercise routines. The
participant also appreciated the ability to self-monitor her sleep
and activity level on a daily basis using the smart ring, noting

that this function allowed her to effectively make more informed
health choices. For example, during one of the sessions with
her CHW, she shared that she wanted to be careful “not birth
a ten-pound baby and nine-pound placenta’ and be out of her
weight range after delivery.” Moreover, she valued the helpful
information provided by the smart ring, such as suggestions on
improving her sleep habits.

Well-being and Birth
Our participant stated that she enjoyed practicing the THH
strength movement and was confident in her ability to safely
engage in the recommended exercise routines. She particularly
liked that the mind-body movement helped her to feel more
relaxed and sleep better. During labor, she performed 60 squats
while having contractions, which she believed helped her to
dilate and deliver quickly. During the exit interview with her
CHW, she stated the following:

I couldn’t have done any of this without the program
and probably would have opted for epidural had I
not stayed so active...I will continue to implement
some of the moves shown to me during my
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workout...I’ve caught myself taking a moment to
breathe and can hear the clip in my head directing
me and it has reminded me to pause every once in a
while during my crazy busy days.

Recommendations
The participant provided some suggestions for improving the
study. For example, she noted experiencing some struggle with
mindful breathing given that the THH app had only audio cues
and no visual cues or animation. She would also have preferred
additional calendar notifications for mindful breathing and
movement. She suggested that integrating the THH platform
with her prenatal health data would enable her to share this
information with her health care provider during prenatal visits.

Discussion

Principal Results

Objective and Subjective Measures of Physical and
Emotional Well-being
We were able to use the Oura ring to measure objective
indicators of physical and emotional well-being from mid–third
trimester until delivery. There was a decrease in resting heart
rate and an increase in HRV. Deep sleep appeared to increase
as light and REM sleep decreased. In addition, we found
significant positive associations between self-reported
well-being and Oura ring measures- higher positive emotions
with greater HRV, better sleep quality with a higher sleep score,
as well as increased physical activity with a higher step count.

Experience With the THH Intervention Prototype
Our participant effectively engaged with the THH intervention
as observed by her consistency in wearing the smart ring,
completing the app-based surveys, and practicing the mindful
breathing and movement routines. Her feedback indicated a
positive and rewarding experience with the THH intervention.
Specifically, she found it useful to complete the app-based
surveys to better understand her physical and emotional
well-being, felt confident to practice the strength movement
routines safely and attributed her uncomplicated and quick labor
and delivery to the intervention.

Comparison With Prior Work

Objective and Subjective Measures of Physical and
Emotional Well-being
We found that HRV had a significant positive correlation with
positive emotions, but not with negative emotions. There are
inconsistent findings about these associations in the existing
literature. In one study, no significant association was found
between fear of childbirth and HRV among pregnant women
at 32 to 34 weeks of gestation [47]. However, higher
self-perceived stress and lower HRV was reported among
pregnant women between 12 and 30 weeks of gestation [48].
The literature also shows mixed results about HRV patterns
during pregnancy, with and without intervention [49-51]. It is
worth noting that various factors may influence self-reported
emotions and HRV, including pregnancy progression, external
circumstances such as the COVID-19 pandemic, and different

methods of measuring HRV (eg, wearable device in the home
setting vs an electrocardiogram in the laboratory), as well as
temporal factors taken into account during measurement (eg,
continuous vs short-term interval and day vs night)
[28,49,50,52,53]. Our findings may have important implications
for continuous remote monitoring of objective and subjective
emotional health, particularly during heightened levels of stress
and anxiety over the course of pregnancy.

With regard to sleep, we observed a decline in rapid eye
movement during sleep, as previously reported [5,54]. Deep
sleep is an indicator of sleep quality [55]. Interestingly, our
study found an increase in deep sleep and a decrease in light
sleep. These results are contrary to those of prior observational
research involving pregnant women who did not participate in
any health intervention during the third trimester [56] and
suggest potential benefits of the THH intervention prototype.
Additionally, self-reported sleep quality from the app-based
24-hour recall surveys corresponded with the sleep score
extracted from the smart ring. Furthermore, self-reported
physical activity was consistent with the step count recorded
by the ring. Overall, our results suggest that WIoT, such as the
Oura ring, along with self-reported data from app-based surveys,
may provide important objective and subjective measures of
physical and emotional well-being during pregnancy.

Experience With the THH Intervention Prototype
Recent literature emphasizes the opportunity to leverage
technology to promote physical and emotional well-being for
pregnant women [57,58]. The high completion rate of the
intervention components and positive feedback from our
participant shows promise for potential use by underserved
pregnant women, many of whom lack access to quality health
information, physical activity instruction, stress reduction
techniques, and other pregnancy-related resources. Our results
align with those of a recent study that found a high adherence
rate and acceptance of a mobile health–based physical activity
intervention among underserved pregnant women [59]. On the
other hand, it is worth noting technology-related challenges that
may prevent effective engagement in exercise interventions
for  pregnant women. For example, time
constraints, low technology literacy, and design or complexity of
the user interface comprise few factors that have been observed
in this study and in previous research [57,60]. Results from our
case study are promising, and we anticipate refining the THH
intervention to incorporate lessons learned as we support
pregnant women to use self-management strategies for improved
health and well-being.

Strengths and Limitations
Our study has several strengths. First is the use of both objective
and subjective measures to monitor health and well-being during
pregnancy. The Oura ring features allowed us to continuously
assess important parameters of cardiovascular responses, sleep,
and physical activity. In addition, the THH phone app-based
surveys captured self-reported health and emotional states daily.
Our results suggest the potential of the smart ring and app-based
surveys to monitor physical and emotional states. The
enthusiasm and commitment demonstrated by the participant’s
completion of the THH intervention prototype components was

JMIR Form Res 2021 | vol. 5 | iss. 11 |e30991 | p.437https://formative.jmir.org/2021/11/e30991
(page number not for citation purposes)

Jimah et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


especially valuable given that COVID-19 pandemic regulations
made in-person engagement impossible. As seen from her
feedback and experience, the intervention provided her with
care and support during her pregnancy. Our participant was of
low socioeconomic status, and while she was motivated to
exercise, THH provided her with the opportunity to do so safely.
Therefore, the THH intervention has the potential to reach
women in underserved communities, who often face significant
barriers to essential health information and feedback about
healthy lifestyle choices during pregnancy. It is therefore critical
to refine the THH intervention prototype, integrating our
participant’s suggestions, as well as test the study’s feasibility
in a large sample.

Limitations and possible areas for improvement must be noted.
For example, data were available for the third trimester only,
which did not allow for comparisons of health measures between
trimesters. Recruiting women at earlier stages of pregnancy to
examine how physical and emotional health and well-being
vary across trimesters is recommended for future research.

External factors may have influenced these study results. For
instance, the participant was recruited from MOMS OC where
she received additional social support during her pregnancy.
Also, although the participant desired to have had her final
post-intervention interview prior to giving birth, she was unable
to complete it until a week following delivery due to time
constraints related to birth preparations. Finally, this is a case
study; thus, the study results are not generalizable.

Conclusions
To our knowledge, this study is the first to continuously monitor
objective and subjective health and well-being in a pregnant
woman from the third trimester until delivery. The consistent
patterns between the app-based self-reported data and the Oura
ring data suggest the potential use of the smart ring to provide
valuable health data for pregnant women The enthusiasm and
commitment demonstrated by the participant’s completion of
the THH intervention prototype was especially promising. It is,
therefore, important to refine the intervention and subsequently
test its feasibility among underserved pregnant women.
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Abstract

Background: Recent evidence highlights the significant detrimental impact of nondaily smoking on health and its disproportionate
prevalence in underserved populations; however, little work has been done to develop treatments specifically geared toward
quitting nondaily smoking.

Objective: This study aims to test the feasibility, acceptability, and conceptual underpinnings of version 2 of the Smiling Instead
of Smoking (SiS2) smartphone app, which was developed specifically for nondaily smokers and uses a positive psychology
approach.

Methods: In a prospective, single-group study, nondaily smokers (N=100) were prescribed use of the SiS2 app for 7 weeks
while undergoing a quit attempt. The app assigned daily positive psychology exercises and behavioral tasks every 2 to 3 days,
which guided smokers through using the smoking cessation tools offered in the app. Participants answered surveys at baseline
and at 2, 6, 12, and 24 weeks postquit. Feasibility was evaluated based on app use and acceptability based on survey responses.
The underlying conceptual framework was tested by examining whether theorized within-person changes occurred from baseline
to end of treatment on scales measuring self-efficacy, desire to smoke, and processing of self-relevant health information (ie,
pros and cons of smoking, importance of the pros and cons of quitting, and motivation).

Results: Participants used the SiS2 app on an average of 24.7 (SD 13.8) days out of the 49 prescribed days. At the end of
treatment, most participants rated the functions of the app as very easy to use (eg, 70/95, 74% regarding cigarette log and 59/95,
62% regarding happiness exercises). The average score on the System Usability Scale was 79.8 (SD 17.3; A grade; A+ ≥84.1,
B+ <78.8). Most participants reported that the app helped them in their quit attempt (83/95, 87%), and helped them stay positive
while quitting (78/95, 82%). Large effects were found for within-person decreases in the desire to smoke (b=−1.5, 95% CI −1.9
to −1.1; P<.001; gav=1.01), the importance of the pros of smoking (b=-20.7, 95% CI −27.2 to −14.3; P<.001; gav=0.83), and
perceived psychoactive benefits of smoking (b=−0.8, 95% CI −1.0 to −0.5; P<.001; gav=0.80). Medium effects were found for
increases in self-efficacy for remaining abstinent when encountering internal (b=13.1, 95% CI 7.6 to 18.7; P<.001; gav=0.53) and
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external (b=11.2, 95% CI 6.1 to 16.1; P<.001; gav=0.49) smoking cues. Smaller effects, contrary to expectations, were found for
decreases in motivation to quit smoking (P=.005) and the perceived importance of the pros of quitting (P=.009). Self-reported
30-day point prevalence abstinence rates were 40%, 56%, and 56% at 6, 12, and 24 weeks after the quit day, respectively.

Conclusions: The SiS2 app was feasible and acceptable, showed promising changes in constructs relevant to smoking cessation,
and had high self-reported quit rates by nondaily smokers. The SiS2 app warrants testing in a randomized controlled trial.

(JMIR Form Res 2021;5(11):e29760)   doi:10.2196/29760
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Introduction

Background
Nondaily smoking continues to be a public health issue with
limited empirically supported options to support smoking
cessation. Currently, 25.4% of all adult smokers are nondaily
smokers [1]. This prevalence has been increasing over the past
decade, from a prevalence of 20.2% in 2008 [2] to 25.4% in
2018 [1]. In 2007, the National Institutes of Health highlighted
nondaily smoking as a public health issue [3]. Now, more than
a decade later, there continues to be a lack of smoking cessation
support for this important population of smokers.

For most nondaily smokers, nondaily smoking is a long-term
pattern of smoking, not just a transitional phase [4]. Prior
research has established that nondaily smokers are more
motivated to quit smoking than daily smokers [5]. Moreover,
a growing body of research has documented that nondaily
smokers differ from daily smokers in terms of numerous
characteristics relevant to the process of quitting smoking,
including smoking motives [6] and situational antecedents of
smoking [7]. These facts argue for the development of targeted
and tailored public health efforts to support nondaily smokers
in quitting smoking.

Newer emerging evidence has highlighted the urgency of
addressing nondaily smoking. Contrary to initial beliefs, the
adverse health impact of nondaily smoking is not negligible.
Recent research has shown that the mortality risk of native
nondaily smokers (ie, those who have never smoked on a daily
basis) compared with never smokers is 72% higher [8]. Impacts
on all-cause mortality risk have been observed for smoking as
few as 6-10 cigarettes per month [9]. These findings clarify that
nondaily smoking has a substantial detrimental impact on health.
In addition, vulnerable and underserved populations, among
whom nondaily smoking is particularly prevalent, are
disproportionally affected. These populations include racial and
ethnic minority groups [10-12] and persons with mental health
and substance use challenges [13]. Thus, addressing nondaily
smoking is also a matter of health equity.

To date, very little research has been conducted to develop
smoking cessation support approaches geared specifically
toward nondaily smokers. Large randomized controlled trials
of nicotine replacement therapy (NRT) for nondaily smokers
failed to show efficacy in achieving smoking abstinence in
comparison with placebo or counseling-only conditions [14,15].
Of note, in these trials, participant adherence to NRT was lower
than recommended by study staff, suggesting a lack of interest

among nondaily smokers in NRT as a smoking cessation aid.
This observation is in line with other studies that showed that,
among college students, nondaily smokers were less likely to
be interested in using pharmacotherapy than daily smokers [16]
and that nondaily smokers did not view nicotine addiction as
relevant to their efforts to quit [17]. This points to the
importance of behavioral approaches for nondaily smokers,
where mobile technology can play a critical role.

Recent years have seen an uptake in the use [18,19] and clinical
linkage of mobile technologies to support smoking cessation,
where it is now recommended that health care professionals
connect their smoking patients to mobile health (mHealth)
resources for smoking cessation [20]. Smartphone app
technology may be particularly useful for nondaily smokers,
who are less likely to engage in traditional smoking cessation
interventions [16]. Beyond treatment modality, the content of
intervention approaches for nondaily smokers needs to be
tailored to address the unique characteristics of nondaily
smoking, as constructs most relevant to smoking cessation for
daily smokers appear to be less salient to nondaily smokers as
they prepare for the quit day [17].

Development of the Smiling Instead of Smoking App
To address these needs, we developed a smoking cessation app
called Smiling Instead of Smoking (SiS) [21]. This app builds
on the development of positive psychotherapy for smoking
cessation [22,23] and adapted its core principles to the app
environment. Our rationale for choosing this approach was
based on prior research, which indicated that nondaily smokers
did not view nicotine addiction as relevant to their efforts to
quit but instead viewed themes related to a positive self-identity
and wellness as more important [17]. The app’s overall
conceptual model, as described elsewhere [21,24], is based on
social cognitive theory, [25] where goal setting, self-efficacy,
and knowledge are leveraged to support behavioral change.
Within this framework, the SiS app uses a positive psychology
approach to achieve 2 goals: (1) to foster engagement with the
app and its smoking cessation content and (2) to support positive
affect while smokers undertake the quit attempt. Regarding
engagement, positive psychology interventions for health
behavior change have been found to be highly appealing to
patients [26], resulting in better treatment adherence [27,28]
and engagement [29]. Regarding the utility of high positive
affect during smoking cessation, findings from laboratory and
real time studies have shown that high positive affect is
associated with increased self-efficacy [30], decreased desire
to smoke [31,32], and greater readiness to process self-relevant
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health information [33], all of which are constructs highlighted
in dominant theories of health behavior change as playing a
causal role in the process of behavioral change, including in the
health belief model [34], social cognitive theory [35], the theory
of planned behavior [36], the transtheoretical model [37], and
the relapse prevention model [38].

We tested the feasibility and acceptability of version 1 of this
app (SiS1) in an initial sample of 30 nondaily smokers [24].
Initial testing of this app showed excellent app use, favorable
ease of use and usefulness ratings, and significant within-person

changes in line with our conceptual model. Self-reported
abstinence rates were also fairly high (53% self-reported
abstinence 6 months after quitting) [24].

The SiS2 app was developed based on the results of and
feedback from participants using the SiS1 app [24]. In going
from the SiS1 to the SiS2 app, we made some overall stylistic
changes, such as redesigning the user interface (Figure 1),
expanding the variety of daily positive psychology exercises,
and adding gamification components (ie, points for completing
tasks and a distraction game called Magma Bear).

Figure 1. Main menu of Smiling Instead of Smoking app versions 1 and 2. SiS: Smiling Instead of Smoking.

We also made 2 targeted changes to address specific
weaknesses. We wanted to make the smoking cessation content
more accessible, and we wanted SiS app users to better
understand why our positive psychology approach may be
useful. To accomplish the former, we replaced our weekly,
wordy smoking cessation tutorials that were part of SiS1 with
frequent, brief behavioral challenges in SiS2. With regard to
affecting perceptions about the usefulness of positive psychology

for smoking cessation, we added quite a bit of information on
this topic throughout the app. This informational content was
optional, and we conceptualized it as an invitation to learn more.
To draw attention to this information, SiS2 used a new Owl
Wisdom mechanism, where the app sent push notifications to
app users every 3-4 days to share with them a relevant scientific
finding related to happiness or positive affect and its connections
to smoking outcomes, health, and well-being (Figure 2).
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Figure 2. In going from Smiling Instead of Smoking app version 1 to version 2, behavioral challenges (A) were added to engage app users with the
smoking cessation tools and (B) information was added to explain the positive psychology approach via "read more" buttons and Owl Wisdoms.

In study 2, we also changed important parameters regarding the
ask from participants; that is, instead of onboarding participants
in person, as we had done in study 1, we onboarded participants
remotely via phone calls in study 2. We also increased the length
of the prescribed app use from 3 weeks (study 1) to 7 weeks
(study 2), as study 1 participants had asked for longer app
support. We evaluated the acceptability and feasibility of this
new approach in the same manner as in study 1.

Objective
In this paper, we report the outcomes of a study (NCT03951766)
examining version 2 of the SiS app (SiS2). Our goals are (1) to
assess the feasibility and acceptability of the app as measured
by actual app use and ratings of usefulness and ease of use, (2)
to test whether within-person changes in line with the underlying
conceptual model are observable, and (3) to report smoking
cessation outcomes. Regarding the within-person changes, we
hypothesize that participants in this study would show, by the
end of treatment, an increased self-efficacy to abstain from
smoking, reduced desire to smoke, and more positive processing
of self-relevant smoking information (eg, decreased perceived
pros of smoking and increased perceived cons of smoking). In
line with our conceptual model, we do not hypothesize that
positive affect would increase during this trial. Rather, the app’s
goal is to maintain a positive affect while smokers undergo a
quit attempt.

Methods

Participants
Participants were adult nondaily smokers who were interested
in using a smartphone app to help them quit smoking (recruited
from June 11, 2019 to November 15, 2019). Study recruitment
information was displayed on Craigslist, Facebook, Reddit,
Smokefree.gov, ClinicalTrials.gov, a study recruitment website
at the Massachusetts General Hospital, our study website, and
websites of local universities. Recruitment was bolstered through
word-of-mouth referrals by participants in our first pilot study

and the study staff. To participate, participants had to be aged
>18 years, be current nondaily smokers who smoked at least
weekly but <25 out of the past 30 days, own an Android or
iPhone smartphone, be willing to make a quit attempt as part
of the study, be willing to name friends or family members who
could help study staff by updating contact information for
follow-up assessments, and be fluent in English. The study
(NCT03951766) was conducted entirely remotely and was
approved by the Mass General Brigham institutional review
board. All participants provided informed consent.

Procedure
Interested participants were phone-screened and asked to
complete a screening test. To pass, participants had to complete
a web-based survey and correctly respond to 5 haphazardly
placed check questions that tested if respondents were reading
survey items. Participants who passed the screening survey were
then asked to provide contact information for 2 collaterals who
would be able to assist research staff in locating participants
for follow-ups, if necessary. Participants were notified by phone
if they were eligible, and during this phone call, study staff
asked what participants had chosen as their designated quit day
to set up the app onboarding call. During the onboarding call,
which also served as the study’s enrollment call, study staff
verified participants’ nondaily smoking status and then guided
participants through downloading, installing, and using the app.
This phone conversation focused on the app and how
participants should be using it during the prescribed treatment
period. Beyond walking participants through the app, the study
staff did not offer further smoking cessation advice. The
recording of their app data was confirmed by the study staff
during this call. Participants were then asked to use the app for
a period of 7 weeks (1 week prequit and 6 weeks postquit) and
to complete follow-up surveys on the web 2, 6, 12, and 24 weeks
after their initially chosen quit day. Participants received US
$25 for completed surveys or US $10 for incomplete surveys
or surveys with failed check items. They received US $50 for
the week 6 survey (end of treatment), which was longer than
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the other surveys. Participants provided their social security
numbers to enable remuneration by check. All surveys were
administered via the electronic data capture system REDCap
(Research Electronic Data Capture) [39].

In total, we phone-screened 259 individuals (Figure 3). Of these
259 individuals, 93 (35.9%) were not eligible (of the 93
individuals, 92 [98.9%] were not eligible as they were daily

smokers and 1 [1.1%] were not eligible as they wanted to quit
vaping), and 28 (10.8%) decided against the study. The
remaining 53.5% (138/259) signed the web-based consent and
started the screening test. Of these 138 individuals, 28 (20.3%)
failed the check items embedded in the survey, and 10 (7.2%)
passed but decided against the study at this point. The remaining
72.5% (100/138) of individuals were onboarded to SiS2.

Figure 3. Consolidated Standards of Reporting Trials diagram for Smiling Instead of Smoking app study 2.
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Participants who missed scheduled assessments were contacted
with multiple reminders and were contacted for subsequent
assessments unless they actively withdrew from the study.
Survey completion rates were 96%, 96%, 94%, and 89% for
follow-up surveys 2, 6, 12, and 24 weeks after the chosen
smoking quit date, respectively (N=100). For half of the
participants (49/100, 49%), the 24-week follow-up occurred
after the onset of the COVID-19 pandemic in the United States.

Treatment
Participants received the SiS2 app, which was based on existing,
empirically tested positive psychology exercises [40-44],
published guidelines for smoking cessation (ie, US Clinical
Practice Guidelines) [45], and user feedback from nondaily
smokers who used version 1 of the app [24]. The app engaged
participants in daily positive psychology exercises over the
course of 7 weeks, as well as temporally appropriate behavioral
challenges every 2-3 days that were designed to engage
participants with ad libitum tools offered by the app. The SiS2
app used 2 new happiness exercises in addition to the 3 exercises
used in the SiS1 app (ie, 3 Good Things, where participants
entered text describing 3 good things that happened to them
that day; Savoring, where participants entered text describing
2 experiences they savored, and Experiencing Kindness, where
participants described an act of kindness they did or one they
witnessed). The new exercises were Rose, Thorn, and Bud,
where participants described one good and one challenging
thing in the past 24 hours and one thing they looked forward to
in the next 24 hours, and Reliving Happy Moments, where
participants viewed and then described a picture they had taken
that made them happy [41]. One of these five exercises was
chosen at random each day by the app to be completed that day.
The ad libitum tools offered tracking functionality (ie, logging
smoked cigarettes), graphical summaries (ie, pie chart of reasons
smoked with matching strategies to stay smoke free in such
situations), reminders (ie, a tool to send push notifications to
stay smoke free at specific times), note keeping (ie, personal
reasons for quitting), and information (eg, benefits of quitting
and strategies). The SiS2 app used push notifications in a variety
of ways to engage app users (eg, reminders for missed exercises
and push notification for new behavioral challenges and Owl
Wisdoms). The design of the SiS2 app is evidence based and in
line with all 6 published recommendations for smoking cessation
apps [46]: it (1) is available at no cost, (2) keeps information
private (ie, saved on our hospital servers), (3) matches individual
needs and interests (eg, suggested strategies are matched to
logged smoking reasons), (4) adapts as one’s needs and interests
change (eg, behavioral challenges are anchored on the resettable
quit day to be temporally appropriate), (5) helps to manage
nicotine withdrawal symptoms (eg, specific strategies are offered
in the app), and (6) allows users to track progress (eg, keeps
track of days since quit day, provides graphs over time, and
awards badges for achieving milestones).

Measures

Baseline Characteristics
During the web-based baseline survey, sociodemographic
information was collected, including age, gender, race, and
education level. Participants also answered questions about their

smoking characteristics (ie, number of days smoked in the past
30 days, number of cigarettes smoked per smoking day, history
of daily smoking—yes or no—and past quit attempts).

Measures of Feasibility and Acceptability

App Use

App use was automatically recorded by the app, which time
stamped every interaction with the app. From these data, we
calculated the number of days on which participants used the
app during the prescribed period of app use (ie, 0-49 days) and
examined the number of days per week participants used the
SiS2 app.

System Usability Scale

App usability was measured at the end of treatment using the
10-item System Usability Scale (SUS) [47], where we used the
phrase SiS app in place of this system. Participants rated items
(eg, “I thought the SiS app was easy to use.”) on a 5-point Likert
scale (1=strongly disagree to 5=strongly agree). Scores are
interpreted as grades: A+ for scores ≥84.1, A for scores
84.1-78.8, B+ for scores <78.8; scores <70 indicate below
average usability [48].

App’s Ease of Use and Usefulness

At the end of treatment (week 6), participants rated the ease of
use and usefulness of each component of the app (17 items each,
listed in the Results section) on a 4-point Likert scale, where
ease of use was rated as 0=not easy at all, 1=somewhat easy to
use, 2=easy to use, or 3=very easy to use, and usefulness was
rated as 0=not at all useful, 1=somewhat useful, 2=useful, or
3=very useful.

Perceptions of How the App Might Have Helped

At the end of treatment (week 6), participants provided their
level of agreement (5-point Likert scale, 1=strongly disagree
to 5=strongly agree) on 17 items pertaining to the helpfulness
of the app during the quitting process (eg, in preparing for the
quit attempt and during risky situations). Participants also
indicated whether the app helped them in their quit attempt and
if they would recommend it to a friend who wanted to quit
smoking (yes or no).

Measures of Constructs Hypothesized to Change Over
Time
As part of all surveys, participants completed the following
scales:

Self-Efficacy

The Smoking Self-Efficacy Questionnaire (12-items; slider
scale; 0=not at all confident to 100=extremely confident) [49]
assesses confidence to abstain from smoking when faced with
internal stimuli (eg, “when I feel very anxious”) and external
stimuli (eg, “after a meal”).

Desire to Smoke

The Brief Questionnaire of Smoking Urges [50] uses 10 items
on a 7-point Likert scale (1=strongly disagree to 7=strongly
agree) to measure one’s desire to smoke as it relates to reward
(eg, “A cigarette would taste good now”) and relief from
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negative affect (eg, “I could control things better right now if
I could smoke”).

Processing Self-Relevating Health Information

The Attitudes Towards Smoking Scale [51] assesses
participants’ feelings toward adverse effects, psychoactive
benefits, and pleasures of smoking. Participants rated 18-items
(eg, “smoking is ruining my health”) on a 5-point Likert scale
(1=strongly disagree to 5=strongly agree). The Decisional
Balance Inventory for Smoking–Short Form (6-items; slider
scale; 0=not at all important to 100=extremely important) [52]
assesses how expectations that are positive (eg, “Smoking
cigarettes relieves tension.”) and negative (eg, “I’m embarrassed
to have to smoke”) weigh in on one’s decision to smoke at that
moment (ie, “right now”). The impact of perceived benefits and
barriers on quitting smoking was evaluated using 2 single-item
measures: (1) “Think about all the things you LIKE/LOVE
about quitting/being smoke-free; taken together, how important
are those things to you RIGHT NOW?” and (2) “Think about
all the things you DISLIKE/HATE about quitting/being
smoke-free; taken together, how important are those things to
you RIGHT NOW?”; both were rated on slider scales ranging
from 0=not at all to 100=extremely important. The Commitment
to Quitting Smoking Scale [53] asks participants to rate their
level of agreement (Likert scale, 1=strongly disagree to
5=strongly agree) on 8-items assessing motivation to quit
smoking (eg, “I’m not going to let anything get in the way of
my quitting smoking”). In addition, a single-item slider scale
(0=not at all to 100=extremely motivated) directly asked
participants, “How MOTIVATED are you to quit smoking/stay
quit?”

Positive Affect

The Positive and Negative Affect Schedule [54] uses 20 items
(10 positive adjectives and 10 negative adjectives) on a 5-point
Likert scale (1=very slightly or not at all to 5=extremely) to
assess the extent to which participants experienced positive and
negative affect in the past week. Participants also answered 2
questions using a single-item slider (0=not at all to
100=extremely) to indicate their happiness in the moment and
over the past week. Overall life-satisfaction and happiness were
assessed using the Satisfaction with Life Scale (5 items; Likert
scale ratings from 1=strongly disagree to 7=strongly agree) [55]
and the Subjective Happiness Scale (4 items; item-specific
anchor points; eg, for “Compared with most of my peers, I
consider myself [...],” ratings range from 1=less happy to
7=more happy) [56].

Exploratory Outcome—Self-reported Abstinence
During each survey, participants were asked to rate their
smoking status using the following options: “I smoke daily,”
“I smoke nondaily (and have smoked in the past 7 days),” “I
smoke nondaily (but have NOT smoked in the past 7 days,” and

“I do not smoke at all.” Participants who reported not smoking
at all were then asked if they had been completely abstinent
since their originally chosen quit day (if no, then since when),
during the past 7 days, and during the past 30 days.

We did not perform biochemical tests to confirm self-reported
abstinence in line with guidance (at that time) that such tests
should not be used for studies with no face-to-face contact and
studies in which data are optimally collected through the
internet, telephone, or mail [57].

Analytic Strategy
We used SAS 9.4 for all analyses. To describe feasibility,
acceptability, and smoking cessation outcomes, we calculated
descriptive statistics. To test if theorized within-person changes
occurred from baseline to end of treatment, we fit one repeated
measures mixed effects model per construct hypothesized to
change over time (ie, self-efficacy, desire to smoke, and
processing of self-relevant health information). In these models,
the sole predictor was time, called TIME, modeled categorically
(ie, baseline, 2, 6, 12, and 24 weeks). Observations were
modeled as nested within individuals using an unstructured
covariance matrix. Per protocol, the primary end point of interest
was end of treatment (ie, 6 weeks after the chosen quit date).
Thus, using this model, we reported the pairwise contrast
between baseline and week 6. Given the exploratory nature of
this study, we did not correct for multiple testing. Effect sizes
for within-person changes from baseline to week 6 in each
outcome measure were reported as Hedges gav, a bias-corrected
effect size estimate recommended for correlated samples [58].
We used the same modeling approach to capture changes in
positive affect. For the 2 outcomes that indicated significant
effects counter to the hypothesized direction (ie, motivation to
quit and the perceived importance of the pros of quitting), we
used post hoc analyses to see whether changes from baseline
to end of treatment differed between participants who achieved
30-day point prevalence abstinence at the end of treatment
versus those who did not. In these post hoc models, we added
quit status as a binary predictor (QUIT: 1=abstinent, 0=not) and
its interaction with TIME to the model. We interpreted a
significant QUIT*TIME effect as an evidence of differential
changes over time based on quit status.

Results

Participant Characteristics
Participants were predominantly (70/100, 70%) converted
nondaily smokers (ie, people who had smoked daily previously),
who smoked an average of 4.6 (SD 3.3) cigarettes per smoking
day on 14.7 (SD 4.6) days out of the past 30 days, in line with
expected rates of smoking in nondaily smokers [59]. Many had
made a previous quit attempt, also in line with expectations for
this type of smoker [5]. Demographics are reported in Table 1.
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Table 1. Demographics and smoking characteristics (N=100).

ValuesCharacteristics

Demographics

35.9 (11.4)Age (years), mean (SD)

61 (61)Gender (female), n (%)

Race, n (%)

75 (75)White

14 (14)Black

11 (11)Other or unknown

12 (12)Hispanic

Education, n (%)

15 (15)High school or less

47 (47)Some college

38 (38)BAa, BSb, or higher

Smoking characteristics

14.7 (4.6)Number of days smoked in past 30 days, mean (SD)

4.6 (3.3)Number of cigs smoked per smoking day, mean (SD)

70 (70)Ever smoked daily? (yes), n (%)

77 (77)Ever quit before? (yes), n (%)

aBA: Bachelor of Arts.
bBS: Bachelor of Science.

Feasibility as Captured by App Use
Participants used the SiS2 app on average on 24.1 (SD 14.1,
range 0-49) days out of the 49 prescribed days after onboarding
(49% of days). Most participants used the app on their own on
the day after their onboarding call (96/100, 96%). During the
initial week of app use (ie, the week leading up to the chosen
quit day), the percentage of participants interacting with the app
on a given day decreased to 60% (60/100). This decrease was
largely because of participants settling into a less-than-daily
routine of using the app rather than participants discontinuing
app use altogether: 7% (7/100) used the app on 0-1 days after
onboarding during the first week, 53% (53/100) on 2-5 days,
and 40% (40/100) on 6-7 days. App use declined further at a
gradual pace during the remaining 6 weeks of prescribed app
use, so that during the last week, 33% (33/100) used the app on
0 days, 12% (12/100) on 1 day, 35% (35/100) on 2-5 days, and

20% (20/100) on 6-7 days. More than a quarter of the
participants (28/100, 28%) used the SiS2 app at least three times
per week for every week of treatment.

Acceptability as Captured by the End of the Treatment
(Week 6) Survey Responses
The average score on the SUS, as measured at the end of
treatment, was 79.8 (SD 17.3), which represents an A grade
[48]. Participants rated the specific functions of the app (Table
2) as easy to very easy to use. These ratings ranged from 2.3
(SD 0.9) for playing Magma Bear to 2.7 (SD 0.6) for viewing
earned badges. Essential features, including completing the
positive psychology exercises, completing the behavioral
challenges, and using the cigarette log, all scored high and in
this range, with 62% (59/95), 64% (61/95), and 74% (70/95),
indicating that these functions, respectively, were very easy to
use.
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Table 2. User ratings of the Smiling Instead of Smoking app version 2 functions (N=95).

UsefulbEase of useaUser ratings

Very useful, n (%)Value, mean (SD)Very easy, n (%)Value, mean (SD)

System Usability Scale

———e79.8 (17.3)SUSc scored

Happiness related tasks

44 (47)2.2 (0.9)59 (62)2.4 (0.9)Completing the positive psychology exercises every day

48 (51)2.2 (0.9)55 (58)2.4 (0.9)Specifically, completing 3 Good Things

45 (47)2.2 (0.9)56 (59)2.4 (0.8)Specifically, completing Savoring

45 (47)2.1 (1.0)58 (62)2.4 (0.9)Specifically, completing Experiencing Kindness

47 (49)2.2 (0.9)64 (67)2.5 (0.8)Specifically, completing Reliving Happy Moments

43 (45)2.1 (1.0)56 (59)2.4 (0.8)Specifically, completing Rose, Thorn, and Bud

42 (44)2.2 (0.9)70 (74)2.6 (0.7)Viewing the Happiness Log of past exercise completions.

45 (47)2.2 (0.9)61 (64)2.6 (0.6)Viewing Owl Wisdoms (ie, happiness science findings)

Smoking specific tasks

42 (44)2.1 (1.0)62 (65)2.5 (0.8)Setting (and if applicable resetting) the quit day

46 (48)2.2 (0.9)61 (64)2.5 (0.7)Completing the behavioral challenges

53 (56)2.4 (0.8)70 (74)2.6 (0.7)Accessing and updating the cigarette log

26 (27)1.3 (1.2)54 (57)2.3 (0.9)Using the Magma Bear game

42 (44)2.1 (1.0)53 (56)2.4 (0.8)Setting and receiving Smoke Alarms

51 (54)2.3 (0.8)59 (62)2.5 (0.8)Specifying personal reasons for quitting smoking

49 (52)2.3 (0.9)60 (63)2.5 (0.7)Viewing strategies for remaining smoke-free

40 (43)2.0 (1.0)66 (69)2.7 (0.6)Viewing earned badges

45 (48)2.2 (0.9)61 (64)2.6 (0.6)Viewing benefits of quitting smoking

aEase of use was rated on a 4-point scale: 0=not easy at all, 1=somewhat easy to use, 2=easy to use, 3=very easy to use.
bUsefulness was rated on a 4-point scale: 0=not at all useful, 1=somewhat useful, 2=useful, 3=very useful.
cSUS: System Usability Scale; scores can range from 0 (very poor perceived usability) to 100 (excellent perceived usability) in 2.5-point increments.
dA+=84.1-100; A=80.3-84.0; B=68-80.3.
eThe System Usability Scale (SUS) presents a general usability score (does not differentiate between ease of use and usefulness) and uses a different
rating scale (1=strongly disagree, 5=strongly agree) than the app’s ease of use and usefulness scale (ease of use was rated as 0=not easy at all, 1=somewhat
easy to use, 2=easy to use, 3=very easy to use, and usefulness was rated as 0=not at all useful, 1=somewhat useful, 2=useful, 3=very useful). For this
reason, SUS values for ease of use (very easy) and useful (mean, very useful) were not included.

Greater variations existed in the perceived usefulness of the
functions. These ratings ranged from 1.3 (SD 1.2) for playing
Magma Bear to 2.4 (SD 0.8) for using the cigarette log. Other
than Magma Bear, all functions scored as at least useful or
higher on average. In particular, high-scoring functions were
the cigarette log (53/95, 56% of participants rated it as very
useful), viewing strategies for remaining smoke-free (49/95,
52%), and the happiness exercise Reliving Happy Moments
(47/95, 49%).

In rating how the SiS2 app might have helped them to quit
smoking (Table 3), nearly all participants (87/95, 92% of
participants who responded to this item) indicated that the SiS2
app served as a useful reminder of why quitting smoking was

important to them. The next most useful app aspect, by
participant ratings, was that the SiS2 app showed them how
happiness was important in numerous ways (82/95, 86% of
participants). Organizational and teaching goals were also met
by the SiS2 app, with participants indicating that the SiS2 app
helped them stay on track (80/95, 84% of participants), helped
them prepare for the quit attempt (80/95, 84% of participants),
and provided confidence in the steps to take (78/95, 82% of
participants). For some smokers, the SiS2 app was useful in
dealing with specific risky smoking times that arose during this
quit attempt (65/95, 68% of participants). Overall, most
participants felt that the SiS2 app helped them in their quit
attempt (83/95, 87% of participants) and that most would
recommend it to a friend (87/95, 92% of participants).
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Table 3. Ratings of how the Smiling Instead of Smoking app version 2 might have helped (N=95).

Agree and Strongly
agree, n (%)

Value, mean (SD)User ratingsa

The SiSbapp...

87 (92)4.4 (0.9)...reminded me why I wanted to quit.

87 (92)4.4 (0.8)...reminded me that quitting was important to me.

82 (86)4.3 (0.9)...showed me how happiness is important in numerous ways.

81 (85)4.3 (0.9)...made me think that it was worthwhile for me to quit.

80 (84)4.2 (1.0)...helped remind me to stay on track with quitting.

80 (84)4.3 (1.0)...helped me prepare for the quit attempt.

78 (82)4.2 (1.0)...helped me stay positive while quitting.

78 (82)4.3 (0.9)...gave me a sense of accomplishment as I progressed through my quit attempt.

78 (82)4.2 (0.9)...made me feel that I knew the right steps to take to quit.

76 (80)4.2 (1.0)...made me take my quit attempt seriously.

73 (77)4.0 (0.9)...gave me confidence that I can quit smoking.

72 (76)4.1 (1.0)...reminded me in crucial moments to stay quit.

70 (74)4.1 (1.0)...made me feel that someone cared if I quit.

70 (74)4.0 (1.0)...encouraged me when things were getting tough.

67 (71)3.9 (1.1)...gave me the feeling I could get trusted advice at any time.

65 (68)3.9 (1.1)...helped me deal with risky smoking times.

60 (63)3.7 (1.3)...gave me a new toy to play with rather than dwell on quitting.

Overall ratings

87 (92)—cWould you recommend the SiS app to a friend who wants to quit smoking? (yes)

83 (87)—Taken altogether, do you think that the app helped you in your quit attempt? (yes)

aRated on a 5-point Likert scale: 1=strongly disagree, 2=disagree, 3=neither agree nor disagree, 4=agree, and 5=strongly agree.
bSiS: Smiling Instead of Smoking.
cThe overall rating questions were answered as yes or no, therefore, there is no mean for this item.

Tests of Within-Person Changes Predicted by the SiS2
Conceptual Model
Most, but not all, of the hypothesized within-person changes
were observed from baseline to end of treatment (Table 4). In
line with our conceptual model, the results indicated that the
self-efficacy for remaining abstinent significantly increased for
both internal cues (P<.001) and external cues (P<.001).
Furthermore, participants’ desire to smoke decreased (P<.001)

and perceptions of smoking became less positive, as expressed
through reduced valuing of psychoactive benefits and pleasure
of smoking, as well as reductions in the perceived importance
of the pros of smoking (Table 4). Effects were large for
decreases in desire to smoke, importance of the pros of smoking,
and ratings of the psychoactive benefits of smoking (ie, all
Hedges gav≥0.80), and effects were of medium size for
self-efficacy and the pleasure of smoking (ie, all Hedges
gav≥0.49).
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Table 4. Within-person changes on theorized mechanisms of change from baseline to end of treatment.

6-weekc versus baselineScale rangeBaselineb,
mean (SD)

Cronbach α
at baselinea

Construct (scale)

gavP valuebd (95% CI)

Self-efficacy

0.53<.00113.1 (7.6 to 18.7)0-10053.4 (22.0).86SEQ-12e (internal cues)

0.49<.00111.1 (6.1 to 16.1)0-10058.9 (21.1).77SEQ-12 (external cues)

Desire to smoke

1.01<.001−1.5 (−1.9 to −1.1)1-73.7 (1.4).92QSUf (smoking urges)

Processing self-relevant health information

Positive appraisals of smoking

0.80<.001−0.8 (−1.0 to −0.5)1-54.0 (0.7).77ATSg (psychoactive benefits)

0.52<.001−0.6 (−0.8 to −0.3)1-53.3 (1.0).84ATS (pleasure)

0.83<.001−20.7 (−27.2 to
−14.3)

0-10056.6 (19.9).67DCBh (importance of the pros of smoking)

Negative appraisals of smoking

0.03.760.0 (−0.1 to 0.2)1-54.4 (0.5).84ATS (adverse effects)

0.09.27−2.9 (−8.1 to 2.3)0-10068.6 (26.2).80DCB (importance of cons of smoking)

Benefits and barriers to quitting smoking

0.35.009−9.1 (−15.9 to −2.3)0-10084.9 (21.1)N/AiSingle item (pros of quitting)

0.14.25−5.1 (−13.7 to 3.6)0-10063.4 (32.3)N/ASingle item (cons of quitting)

Motivation to quit smoking

0.09.25−0.1 (−0.3 to 0.1)1-54.1 (0.7).89CQSSj (commitment to quitting)

0.34.005−6.6 (−11.1 to −2.0)0-10088.0 (14.6)N/ASingle item (how motivated)

Positive affect

0.08.450.0 (−0.1 to 0.2)1-53.0 (0.6).66PANASk (past week positive affect)

0.02.740.0 (−0.1 to 0.2)1-52.7 (0.7).72PANAS (past week negative affect)

0.09.621.2 (−3.8 to 6.3)0-10067.7 (21.5)N/ASingle item (how happy past week)

0.00.83−0.5 (−5.4 to 4.4)0-10070.0 (20.4)N/ASingle item (how happy right now)

0.18.110.3 (−0.1 to 0.6)1-74.4 (1.4).87Satisfaction with life

0.12.160.2 (−0.1 to 0.4)1-74.8 (1.4).87Subjective happiness

aCronbach α is a measure of the internal consistency of each scale at baseline.
bBaseline occurred before Smiling Instead of Smoking app download.
c6-week follow-up occurred at the end of the prescribed 49 days of app use (ie, 6 weeks post quit day).
db is the parameter estimate of the pairwise difference of week 6 compared with baseline from the repeated measures mixed effects model.
eSEQ-12: Smoking Self-Efficacy Questionnaire.
fQSU: Brief Questionnaire of Smoking Urges.
gATS: Attitudes Towards Smoking Scale.
hDCB: Decisional Balance Inventory for Smoking.
iN/A: not applicable (Cronbach α is not applicable to single-item measures).
jCQSS: Commitment to Quitting Smoking Scale.
kPANAS: Positive and Negative Affect Schedule.

Contrary to expectations, motivation to quit smoking and
perceived importance of the pros of quitting decreased below
baseline levels by the end of treatment (P=.005 and P=.009,
respectively). Both effects were smaller than the other observed

effects (ie, Hedges gav≤0.35). Post hoc analyses showed that
motivation to quit decreased from baseline to week 6 for those
who did not succeed in quitting (b=−14.7, 95% CI −20.1 to
−9.2; P<.001), whereas it tended to increase for those who did
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(b=5.0, 95% CI −1.5 to 11.4; P=.13; interaction P<.001). No
such interaction effect existed for the perceived importance of
pros of quitting (abstinent: b=−9.5, 95% CI −20.0 to 1.1; P=.08;
nonabstinent: b=−8.9, 95% CI –17.8 to 0.0; P=.05; interaction
P=.61). We were unable to detect any changes in the negative
appraisals of smoking, cons of quitting, or commitments to
quitting. Of note, the perceptions of the adverse effects of
smoking (ie, Attitudes Towards Smoking Adverse Effects
subscale) were already very high at baseline, with an average
score of 4.4 (SD 0.5) out of 5 (Table 4), indicating the possibility
of a ceiling effect for this measure. However, in terms of the
importance of these cons of smoking, there was some room for
improvement, with an average baseline level of 68.8 (SD 26.2)
on a scale of 0-100. The results of the exploratory analyses of
changes in positive affect are included in Table 4. In line with
our expectations, we were unable to detect any changes in
positive affect while smokers underwent the quit attempt.

Self-reported Smoking Cessation Rates
The self-reported 30-day point prevalence abstinence rates at
the end of treatment (ie, 6 weeks after the quit date) was 40%
(40/100 participants; participants who did not complete the
survey were presumed to be smoking). Self-reported abstinence
increased further during follow-up, with 30-day point prevalence
abstinence reported by 56% (56/100) of participants at both 12
and 24 weeks after the quit day. Participants who did not
complete the surveys were assumed to be smoking.

Discussion

Principal Findings
We tested version 2 of the SiS app (SiS2) in a single-group
longitudinal study using minimal contact and no face-to-face
contact. We found that the SiS2 app was a feasible and
acceptable mHealth tool to support nondaily smokers in quitting
smoking.

Nondaily smokers were engaged well by the SiS2 app (67/100,
67% of participants still used the app in the seventh week after
enrollment) and found it useful. App use is an important
outcome metric as it is through interaction with an app that app
users are engaged in therapeutic activities. Achieving high app
use is currently a critical barrier that challenges the utility of
publicly available apps, and a recent study on mental health
apps found that <4% of app users used the app 15 days after
installation in real-world settings [60]. In clinical trials, app use
is expected to be higher for a number of reasons (eg, actively
procuring commitment from study participants to study
procedures, which they may interpret to include app adherence)
[61] but is nevertheless a pivotal marker of feasibility. In our
study, participants used the SiS2 app for an average of 24.7
days. To put this app use into context, it may be useful to
contrast it with app use observed in a recent randomized
controlled trial [62], which represents the current best evidence
regarding smoking cessation apps. In this study, Bricker et al
[62] used a double-blind, individually randomized, 2-group
stratified design to test the efficacy of their app, called iCanQuit,
which is based on acceptance and commitment therapy. They
compared it with the publicly available smartphone app
QuitGuide, which was developed and disseminated by the

National Cancer Institute (NCI). In this study, participants used
the QuitGuide app on 7.1 days, on average, and the iCanQuit
app on 24.3 days. Thus, the app use of 24.7 days observed for
the SiS2 app is in line with the best standard set to date by the
iCanQuit app. However, in our study, participants engaged in
a phone call with study staff to get oriented to the app, in line
with how we conceptualized such an app should be used in a
health care setting, which was not the case for the Bricker et al
[62] study, in which participants only received a link to
download and install the app [62]. We also told participants at
baseline that we would like to conduct a Skype (Microsoft
Corporation) interview with a subsample of the study
participants (20/100, 20%) at the end of the treatment about
their experience using the app and asked them if they would
like to be considered for such an interview (US $25 was offered
for the Skype interview; 95/100, 95% said yes). Although it is
standard practice for this type of treatment evaluation research
to include an exit interview, this question may have also created
motivation for greater app use than may happen in a real-world
setting, although notably, following up with patients after a
smoking cessation referral is part of best practice guidelines (ie,
the arrange follow-up portion of the 5As) [63]. In line with the
law of attrition for digital technologies [64], there was app use
attrition after an initial curiosity phase; however, there was also
sustained use of the app throughout the 7 weeks of the prescribed
app use period, and more than a quarter of our sample (28/100,
28%) engaged meaningfully with the SiS2 app every week of
the 7-week treatment period. This finding was particularly
encouraging, given that we had increased the prescribed app
use period from 3 to 7 weeks in going from version 1 to version
2 of the app.

In terms of the perceived usefulness of the app, our data further
suggest that we were able to improve perceptions of the
usefulness of the positive psychology content of the SiS app.
In comparing usefulness ratings across the SiS1 and SiS2
studies, we noted that the perceived usefulness of completing
the positive psychology exercises every day increased from 1.8
in study 1 [24] to 2.2 in study 2. It is difficult, of course, to draw
direct conclusions from this improvement in scores as the
demographics of the samples were also quite different (ie,
largely Black males in SiS1 vs White females in SiS2). Overall,
87% (83/95) of the nondaily smokers participating in our study
felt that using the SiS2 app helped them in their quit attempt.
This compares favorably with the usefulness ratings of 80% for
the iCanQuit app and 72% for the NCI QuitGuide app [62].
Similarly, in terms of recommending the app to a friend, SiS2
fared well (87/95, 92% for SiS2 compared with 83% and 71%
for the iCanQuit and QuitGuide apps, respectively) [62].
Together, these findings demonstrate high levels of engagement
and positive perceptions of the usefulness of the SiS2 app.

In terms of the user interface, SiS2 scored well (A grade, 79.8)
but left room for improvement. To put this score into context,
it may be useful to consider 2 other studies that have used the
SUS scale to evaluate smoking cessation apps. In an early stage
study of user experiences of smokers with serious mental illness
(n=5), the NCI smartphone app QuitPal received a SUS score
of 66 [65]. In a larger trial in the same study population,
participants were randomized to use the NCI app QuiteGuide
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or the investigator developed app Learn to Quit [66]. In this
study, SUS scores were 78 and 85, respectively, for the apps
QuitGuide and Learn to Quit. In these 2 studies, onboarding
was performed in person and included additional help over time,
as needed. In our case, onboarding was performed remotely in
a single phone call. Thus, our robust SUS score suggests that
the SiS2 app is implementable via low- to no-touch linkage
approaches. Our data further suggest that the change from
weekly smoking cessation modules to shorter, more frequent
behavioral challenges improved the ease of use of the app. In
comparing the SiS1 and SiS2 ease of use scores for these
features of the apps, we saw a noticeable increase: from a score
of 2.0 (easy to use) for completing the smoking sessions [24] to
2.5 (midpoint between easy to use and very easy to use) for
completing the behavioral challenges. This suggests that it may
indeed be useful to break larger asks within an app into smaller,
simpler asks, so long as they are meaningful.

Findings from the within-person tests were largely in line with
our conceptual model. Overall perceptions regarding smoking
changed as expected: participants reported greater confidence
to abstain from smoking when faced with internal or external
stimuli, experienced a lower desire to smoke, and decreased
their positive appraisal of smoking over time. Notable exceptions
to our expected within-person changes were the unexpected
decreases in the single-item measures capturing motivation to
quit smoking and the importance of the pros of quitting. Our
post hoc analyses provide some insight into possible
explanations for the decrease in motivation, where it appeared
that motivation to quit smoking was negatively affected by
having tried and failed, in line with the abstinence violation
effect [67]. The decrease in the perceived importance of the
pros of quitting smoking suggests that as smokers enter the
maintenance phase of smoking cessation, the pros of quitting
have decreased salience. As these scores at this point in time
do not relate to smoking cessation success prospectively, this
finding suggests that it may not be fruitful to emphasize the
pros of quitting at this point of the smoking cessation process
in mHealth tools designed to support quitting smoking and
maintaining smoking abstinence. By and large, the tests of
within-person changes are encouraging in that they suggest that
the hoped-for cognitive and emotional changes are indeed taking
place as nondaily smokers engage with the SiS2 app. Indeed,
interactions with other mHealth smoking cessation technologies
have produced similar results [68], although with somewhat
weaker effects. Further testing of the SiS2 app in a randomized
design is warranted to test the degree to which these changes
are attributable to SiS2 app use.

The self-reported 30-day point prevalence abstinence rates we
observed are very promising (eg, 56% abstinent at the 6-month
follow-up) and certainly exceed expectations for this type of
technology. Expected smoking abstinence rates (for daily
smokers) are 20%-25% (treatment) versus 14%-16% (control)
for SMS text messaging [69,70], and 28% (treatment) versus

21% (control) for an app [62]. However, it must be kept in mind
that our study was a single-group longitudinal study, with a
strong potential for a response bias, given that there was no
blinding and that participants were onboarded by a motivated
study staff member. Nevertheless, these high self-reported
30-day abstinence rates indicate that the SiS2 app merits study
in a randomized trial.

Limitations
This was a single-group longitudinal study without biochemical
verification of smoking status. There is the potential for a
response bias in reporting smoking status and potentially
regarding our other self-report measures as well. We reminded
participants during all stages of the study (ie, during screening,
during enrollment, and during survey taking) that their honest
reporting was of critical importance to us, even and especially
if they did not like something about the app. Note also that our
primary feasibility outcome indicator, actual app use, was not
subject to self-report biases, as it was automatically recorded
as it occurred. Second, our study approach used an interactive
onboarding procedure, done via phone, where a staff member
was guiding participants through downloading, installing, and
using the app. Thus, our results may not generalize to
referral-only situations, where smokers find the app on their
own or are merely referred to it. We used the onboarding call
as it builds on best practices for warm linkages to community
resources, similar to a warm handoff for linking hospitalized
smokers to quitlines [71], which may be particularly helpful for
stigmatized and underserved populations [72]. In addition, our
eligibility criteria included willingness to make a quit attempt
as part of the study. Motivation is an essential factor in smoking
cessation. By restricting study participation to those who are
willing to make a quit attempt, this study likely restricted
participation to those with a relatively high level of motivation
to quit smoking. This focus reflects real-world settings, as
individuals do not access smoking cessation programs unless
they are motivated. Indeed, national quitlines require that
smokers be motivated to quit to use their services. With regard
to apps, those not willing to make a quit attempt are unlikely
to go to the app store to find a smoking cessation app. The SiS
app is designed for those smokers who want to quit smoking
and who want to use an app to help them do so. Third, our
sample was predominantly White (75/100, 75%), unlike our
previous sample in study 1, where Black nondaily smokers were
the largest racial group (43%) [24]. Future analyses will examine
in depth whether any demographic or clinical characteristics
predicted more or less engagement with the SiS2 app.

Conclusions
The SiS2 app was feasible, acceptable, showed promising
changes in constructs relevant to smoking cessation, and had
high self-reported quit rates by nondaily smokers. The SiS2 app
warrants testing in a randomized controlled trial.
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Abstract

Background: The Scale-Up Project Evaluating Responsiveness to Home Exercise And Lifestyle Tele-Health (SUPER-HEALTH)
initiative is a large randomized controlled study that aims to overcome logistical barriers to exercise via telehealth for people
with physical disabilities. However, at the start of the COVID-19 pandemic, enrollment was halted due to limited operations at
the testing site, which included no onsite visits that involved participant data collection. In response to the limited operations, a
modified data collection protocol was developed for virtual enrollment of study participants.

Objective: This paper presents feasibility data on using teleassessments to enroll people with mobility impairment into a
home-based exercise trial.

Methods: The modified protocol replaced onsite enrollment and data collection visits with teleassessments using a computer
tablet and testing equipment that was shipped to the participants’ home address prior to the synchronous teleassessments conducted
by an exercise physiologist through Zoom. The participants were mailed a teleassessment toolkit that included a digital blood
pressure cuff, spirometer, hand dynamometer, mini disc cone, and measuring tape (to complete standardized testing). The
teleassessment measures included resting blood pressure and heart rate, forced vital capacity, grip strength, Five Times Sit to
Stand, and Timed Up and Go. Feasibility metrics included technological effectiveness, efficiency, and safety. The technological
effectiveness of the telehealth assessment was determined by the percentage of sessions completed without technical issues with
≥90% criteria set a priori. Efficiency was measured by a session duration of ≤2 hours. Safety was measured by the number of
adverse events related to the teleassessments reported.

Results: Data from 36 participants were included in this feasibility study, and 34 (94%) participants completed all teleassessments
without technical issues. For efficiency, the teleassessment sessions were completed in a mean time of 65 minutes and a maximum
session length of 110 minutes. There were no adverse events reported to indicate concerns with the safety of teleassessments.

Conclusions: The modified teleassessment protocol, in response to COVID-19 restrictions, may be a feasible process for
enrolling adults with mobility impairment into a home exercise trial who otherwise would have not been able to participate.

Trial Registration: ClinicalTrials.gov NCT03024320; https://clinicaltrials.gov/ct2/show/NCT03024320

(JMIR Form Res 2021;5(11):e29799)   doi:10.2196/29799
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Introduction

People with physical disabilities are at greater risk for primary
and secondary health conditions compared with people without
a disability [1-3]. These include primary health conditions, such
as heart disease and diabetes, and secondary conditions,
including pain, depression, sleep disturbance, spasticity, and
many others [4,5]. Despite physical activity becoming an
imperative public health priority for all demographics, there are
still many existing barriers to physical activity. A few of these
barriers include accessibility of facilities, opportunity for
activity, and aesthetic or environmental attributes [6]. In order
to overcome these barriers, people with physical disabilities
must be given more options for home-based activity, thus
eliminating many well-known community-based barriers [7,8].

The SUPER-HEALTH project, which stands for Scale-Up
Project Evaluating Responsiveness to Home Exercise And
Lifestyle Tele-Health, is an ongoing 48-week exercise trial
assessing the utilization of a movement-to-music (M2M)
intervention remotely delivered to various disability groups [8].
SUPER-HEALTH recruits individuals with a mobility
impairment, defined as the inability to walk or difficulty walking
as a means to exercise, and includes people with spinal cord
injury (SCI), spina bifida (SB), multiple sclerosis (MS), stroke,
limb loss, and other disabilities and chronic health conditions.
SUPER-HEALTH was designed to deliver an exercise training
system in the convenience of the home in order to avoid barriers
associated with transportation for onsite exercising at a facility.
However, project enrollment was halted by the University of
Alabama at Birmingham due to COVID-19 restrictions involving
onsite data collection. To overcome this issue, the project team
developed teleassessment protocols that enabled the trial to
continue enrolling eligible participants across the southeastern
United States [9]. The purpose of this paper is to describe the
feasibility of using teleassessments for enrolling people with
physical disabilities into a home-based exercise trial by
evaluating three feasibility components, namely technological
effectiveness (ie, successful implementation without technical
error), efficiency, and safety.

Methods

Description of SUPER-HEALTH
SUPER-HEALTH is testing a 48-week, home-based exercise
training system among a large sample (N=648) of people with
mobility impairments by comparing 3 groups: (1) attention
control group (AC) receiving health promotion articles; (2)
exercise group (M2M) receiving exercise videos and health
promotion articles; and (3) exercise group receiving exercise
videos, health promotion articles, and social networking features

(M2Mplus). Participants in each group received a Samsung Tab
A 10.1 tablet, which was inserted into a protective case and
customized with features pertaining to the study. These features
included downloads of the study app [7], the Fitbit app with the
Fitbit Charge 4 synced and connected by Bluetooth, and the
Zoom app for communication. An email address was provided
to the participant along with a Gmail widget configured on the
tablet to communicate with research staff. Additionally, the
exercise groups also received wrist weights.

This protocol was approved by the university’s Institutional
Review Board (IRB) and is registered with ClinicialTrials.gov
(NCT03024320) as a phase III clinical trial. We certify that all
applicable institutional and governmental regulations concerning
the ethical use of human volunteers were followed during the
course of this research.

Participants
Participants who were part of the SUPER-HEALTH study and
who completed teleassessment were analyzed as part of this
feasibility study. Textbox 1 provides lists of inclusion and
exclusion criteria, which are the same as the main trial with the
additional criteria concerning the completion of teleassessments.
A convenience sample size of 36 was chosen to satisfy
technological usability [10] and feasibility study
recommendations [11]. In order to recruit participants for the
study, a list of patient names and addresses from a health
informatics database was obtained and study brochures were
mailed out. The participants enrolled by calling, providing
contact information through the study website, or contacting
the study email.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Self-report of a physical disability or mobility impairment

• 18 to 74 years of age

• Not currently enrolled in a structured exercise program over the past 6 months

• Have the ability to use upper, lower, or both sets of extremities to exercise

• Have the ability to converse and read English

• Agree to receiving emails to complete consent, surveys, and teleassessments

Exclusion criteria

• Medically unstable to perform home exercise as determined by their physician

• Cognitive impairment that may preclude self-directed daily activities

• No wireless internet in home (can include hotspot with unlimited data)
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COVID-19 Modifications
In order to avoid the need for participants to commute to the
laboratory for onsite data collection, our team developed
protocols for synchronous remote assessments (teleassessments)
and virtual orientation. The new teleassessment protocol was
used for the original study from this point forward. In the
following section, we will discuss some aspects of the modified
protocol.

Consent and Survey Completion
As with the original study protocol, consent and survey data
collection involved emailing links to participants, connecting
them to an electronic form via REDCap (electronic data capture
system). Once the participants signed and submitted the
electronic consent, they would automatically receive surveys
from REDCap. The questionnaires included a demographic and
health history questionnaire; a medication list; Godin Leisure
Time Exercise Questionnaire (GLTEQ) [12]; social cognitive
theory questionnaires for exercise self-efficacy [13], barriers to
physical activity [14], outcome expectations [15], and social
support [16]; a set of Patient Reported Outcomes Measurement
Information System (PROMIS) short forms [17] to assess quality
of life; and an eHealth Literacy Scale [18]. After all of the

surveys were completed, the research staff packed and shipped
the assessment and training equipment to the participants’
provided home address, as part of the modified protocol.

Teleassessment Package
Teleassessment equipment mailed to each participant included
a digital blood pressure and heart rate monitor (US $45),
hand-held dynamometer (US $30), spirometer (US $25), mini
disc cone (US $1), and soft measuring tape (US $2). All of the
equipment was lightweight and ready to use out of the box due
to preparation by a research assistant prior to shipping.
Teleassessment equipment was packaged along with the
Samsung Tab A tablet (US $200) and Fitbit Charge 4 device
(US $120) (Figure 1). Each participant was informed of
equipment shipment date and expected delivery date, and the
package was tracked by the research assistant. A brief instruction
sheet was included and simply stated to keep the tablet charged,
await call from tester to schedule virtual testing appointment,
and email that equipment has been received, along with the
option to contact study staff with any questions. Once the
participant received their equipment, the teleassessor reached
out to schedule the participant for their baseline teleassessment
session. The participants kept all equipment for the duration of
the study and beyond.

Figure 1. Teleassessment equipment, which included a digital blood pressure cuff, a hand dynamometer, a spirometer, a mini disc cone, and a 3-meter
measuring tape.
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Teleassessment Session
A single teleassessor, an exercise and sport science lab assistant
with a master’s in exercise physiology, was used to complete
the teleassessment session. At the start of the session, the
teleassessor instructed the participant to make sure the tablet
was on a table propped on case stand and ensured the participant
was in full view. They would then go through a script
concerning a plan for adverse events (eg, fall) and internet
connectivity issues. The session included the following
assessments: anthropometrics (2 resting blood pressure readings,
2 resting heart rate readings), grip strength, peak expiratory

volume, Five Times Sit to Stand, and Timed Up and Go (Figure
2). All measures were completed based on the participants’
disability and level of function. For example, if someone was
unable to walk, they would not complete the Five Times Sit to
Stand and Timed Up and Go tests. For exercise groups, the
participant’s functional group was assigned to ensure they
received the appropriate exercise videos, which was (1) able to
stand, (2) hemiparesis, or (3) sitting only. This assignment was
based on the participant’s diagnosis, 14-second cut-point of
Timed Up and Go (ie, assigned to seated exercise group if
greater than 14 seconds), and participant preference.

Figure 2. An example of a person completing grip strength assessment with teleassessor on videoconference.

Virtual Equipment Orientation
Once the teleassessment was completed, the participant received
a virtual equipment orientation via Zoom to notify which group
they had been allocated to. They were also mailed a US $25
Visa gift card via UPS mail delivery. The purpose of this
meeting was to inform the participants of which group they had
been randomized to and how to use each piece of equipment
correctly (ie, Fitbit and tablet) for the purposes of the
intervention.

Data Collection for Feasibility
Since the COVID-19 modifications were focused on the
application of a technological medium (videoconferencing), we
chose to assess the feasibility of the teleassessment process [19]
through 3 metrics of technological usability: technological
effectiveness, efficiency, and safety [10].

Technological Effectiveness
Effectiveness was defined as the percentage of sessions
completed successfully without technical or logistical difficulty.
These difficulties could have included any issues with
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information communication technology (ie, tablet, internet,
videoconference software, or assessment equipment)
experienced by the participant or teleassessor. Physiologic
testing issues, such as high resting blood pressure or heart rate
or an inability to complete an assessment due to mobility level
(eg, wheelchair use), were excluded because these cases would
have also excluded the participants from completing assessments
onsite. We established an a priori criterion for acceptable
effectiveness at 90% used previously with this population [20].
A high criterion of 90% was chosen because we wanted the
participants to have minimal issues and a high-quality
experience during the teleassessments.

Efficiency
Efficiency was defined as the amount of time to complete
teleassessments. The timer started once the participant and
teleassessor logged on to the videoconferencing session and
ended at the point of logging off. The criterion for reasonable
efficiency was set at 2 hours or less a priori as this was the time
allotted for onsite visits.

Safety
Adverse events, defined by the university’s IRB as “…any
untoward or unfavorable medical occurrence in a human
subject,” were reported by the teleassessor with a written
description of the event. The event was then recorded in a
medical oversight form, which was reviewed by the study
physician who classified the event as serious or non-serious and
whether it was due to study procedures. Any adverse event was
then reported to the IRB. Examples of adverse events would
include falls or injury during testing.

Results

Demographics
Data from a convenience sample of 36 people were included
within this feasibility report. The participants were primarily
female and African American (Table 1). These participants were
located in southeastern United States.

Table 1. Demographic data of participants (N=36).

ValueCharacteristic

51.08 (16.64)Age (years), mean (SD)

Gender, n (%)

11 (31)Male

25 (69)Female

Race, n (%)

21 (58)African American

13 (36)White

2 (6)Other

Disability, n (%)

5 (14)Spinal cord injury

5 (14)Spina bifida

11 (31)Arthritis

3 (8)Stroke

12 (33)Other

Device, n (%)

6 (17)Wheelchair only

6 (17)Cane only

2 (6)Motorized scooter only

1 (3)Other

11 (31)No assistive devices

Feasibility

Technological Effectiveness
Out of the 36 participants in the sample, 34 (94%) completed
all teleassessments without issues, which met the criteria for
acceptability (>90%) set a priori. This resulted in the successful
completion of 188 assessments. The reasons for the 2
participants not completing all teleassessments included:

incomplete spirometry test due to confusion regarding manual
peak flow meter and incomplete Timed Up and Go assessment
due to technical difficulties with videoconferencing on the tablet.

Efficiency
The mean time for the completion of a teleassessment session
for the sample of 36 participants was 65.03 (SD 15.51) minutes,
which met our a priori criterion for acceptability (maximum
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session length: 110.00 minutes). Therefore, the criterion for
completing the sessions in under 2 hours was met by all
participants (N=36, 100%) of the sample. The reasons reported
for the longest session times included tablet not being charged
prior to the visit and internet connection issues.

Safety
There were no adverse events reported from the sample of 36
teleassessment sessions.

Discussion

Principal Considerations
Many trials have been halted due to the restriction of onsite
visits by research participants during the COVID-19 pandemic.
Given that a significant percentage of the population is either
not yet vaccinated or elects not to be vaccinated [21], exercise
testing may need to continue to be remotely conducted in the
foreseeable future. In addition, other rehabilitation researchers
have endorsed the use of functional assessments not requiring
costly or complex equipment or specialized training [22]. There
is a strong need for researchers to have effective, safe
teleassessment protocols that are equivalent to in-person testing.

SUPER-HEALTH is inclusive to varying levels of disability
and functionality of all participating users. Thus, the use of
telecommunication, teleintervention, and interactive methods
were specifically designed to collect the same data virtually as
it is carried out onsite. Along with these modifications, the
virtual face-to-face interactions between the participants and
the study staff suggest that telecommunication is still personable
and equally as effective [23]. Prior to COVID-19, most of the
enrollment process was completed remotely: phone screen,
obtaining medical clearance, electronic consent, and electronic
surveys. However, the physiological assessments as well as the
equipment orientation were still conducted onsite, which often
led to several missed visits and individuals lost to contact. The
newly modified protocol utilizing telehealth to conduct these
assessments and orientation has enabled the enrollment process
to be completed remotely. This eliminated the need for
transportation, which is the primary barrier to accessing
community exercise programs among patients with physical
disability [6]. The teleassessment package was affordable at
around US $100. In addition, the teleassessment session duration
was almost half that of the onsite, which, along with fewer
missed sessions, saved cost for lab assistant’s time. Lastly, the
cost for using lab space was substantially more than the smaller
tele-suite the lab assistant was able to use for the teleassessment
sessions.

These findings are an extension of our work related to modifying
specific fitness assessment protocols for people with disabilities
to be completed remotely [9]. One thing to note is that elements
of the teleassessments, such as laptop camera angle and
variability of testing environment and setups, might affect the
validity and reliability of the tests. Future research on
teleassessments should focus on modifying more testing
protocols to ensure the reliability and validity of the data
collected. Additionally, future studies should compare data
collected onsite with data collected through teleassessments for

any statistically significant differences. A preliminary analysis
of the standard deviations between teleassessments and onsite
assessments with the current sample did not indicate significant
differences; however, a higher-powered validity comparison
study and a test-retest study should be completed.

Implications
A challenge often found in exercise trials involving people with
disabilities is recruitment. One of the most limiting factors is
enrolling large samples in exercise research for this population.
A scoping review reported a lack of descriptive details on study
participants and noted that many of the published studies have
small sample sizes, which were primarily due to individuals
being excluded, declining to participate, or dropping out [24].
Barriers reported by patients with physical disability to enrolling
in an exercise trial include transportation, scheduling conflicts,
secondary health conditions, and difficulty starting a program
[25]. The utilization of teleassessments allows researchers to
circumnavigate these reported barriers by increasing their ability
to enroll more participants. For example, prior to modifying the
assessment procedures to enable remote assessment for
SUPER-HEALTH, a primary barrier reported by participants
was transportation to the research lab. However, the
teleassessment protocols have more than doubled the rate of
recruitment, and participants are now able to enroll from the
convenience of their home. Although 1 onsite laboratory test
(ie, submaximal cardiorespiratory endurance) could not be
performed remotely and was excluded from the teleassessment
protocol, all of the other functional and self-reported measures
were successfully conducted remotely. Our current battery of
tests provides a starting place for remotely collecting data from
the participants. While many studies had to temporarily shut
down due to the COVID-19 pandemic, we were able to continue
our research by implementing a teleassessment protocol that
was found to be effective, efficient, and safe. Future research
involving hard-to-reach populations (ie, people with disabilities)
should continue to explore the use of teleassessment and
tele-exercise in order to reach a broader, more generalizable
segment of the population [22].

Limitations
It is important to recognize the limitations of the study. First,
the study excluded people who did not have internet access at
home, which may have affected the representativeness of the
sample. Second, the study included 12 participants who were
non-ambulatory (wheelchair users) and were unable to complete
two of the functional tests (Five Times Sit to Stand and Timed
Up and Go), which reduced the time for completing the
teleassessment session. Third, although the sample size meets
the recommendations for feasibility studies [10,11], it may not
be fully representative of the final sample size of the larger trial,
which will be determined at the end of the trial to inform
whether data can be merged. Fourth, since the assessments were
delivered through telehealth, it is important to note the possible
limitations in generalizability due to an inability to account for
contextual factors varying among the participants’ location of
testing [23]. Finally, the results should be interpreted with
caution. This is because the study outcomes were chosen based
upon arbitrary criteria, and there are no established criterion for
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the study outcomes that are considered to be feasible or
acceptable.

Conclusions
The use of teleassessments to enroll patients with physical
disability into an exercise trial may be technologically effective,

efficient, and safe. Due to the COVID-19 pandemic, many
clinical trials have been suspended. The procedures described
in this study can be replicated by researchers and health
professionals to circumvent the barriers to conducting exercise
trials during the pandemic.
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Abstract

Background: The Mothers and Babies (MB) Course is recognized by the US Preventive Services Task Force as an evidence-based
preventive intervention for postpartum depression (PPD) that should be recommended to pregnant women at risk for PPD.

Objective: This report examines the feasibility and acceptability of enhancing the MB 1-on-1 intervention by adding 36 SMS
text messages that target 3 areas: reinforcement of skills, between-session homework reminders, and responding to self-monitoring
texts (ie, MB Plus Text Messaging [MB-TXT]).

Methods: In partnership with 9 home visiting programs, 28 ethnically and racially diverse pregnant women (mean 25.6, SD
9.0 weeks) received MB-TXT. Feasibility was defined by home visitors’ adherence to logging into the HealthySMS platform to
enter session data and trigger SMS text messages within 7 days of the in-person session. The acceptability of MB-TXT was
measured by participants’ usefulness and understanding ratings of the SMS text messages and responses to the self-monitoring
SMS text messages.

Results: On average, home visitors followed the study protocol and entered session-specific data between 5.50 and 61.17 days
following the MB 1-on-1 sessions. A high proportion of participants responded to self-monitoring texts (25/28, 89%) and rated
the text message content as very useful and understandable.

Conclusions: This report contributes to a growing body of research focusing on digital adaptations of the MB course. SMS is
a low-cost, accessible digital tool that can be integrated into existing interventions. With appropriate resources to support staff,
it can be implemented in community-based organizations and health care systems that serve women at risk for PPD.

Trial Registration: ClinicalTrials.gov NCT03420755; https://clinicaltrials.gov/ct2/show/NCT03420755

(JMIR Form Res 2021;5(11):e30995)   doi:10.2196/30995
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Introduction

Background
Women are at an increased risk of psychological distress during
the perinatal period (ie, pregnancy and the first year post
partum), with low-income women disproportionately affected.

Regardless of the ethnic and racial background, low-income
women report a 20% prevalence of postpartum depression (PPD)
[1,2]. PPD is often preceded by symptoms of depression that
are not sufficiently elevated to meet the criteria for a diagnosable
disorder, but they negatively impact women and raise their risk
for perinatal mood and affective disorders. When considering
subthreshold depressive symptoms, the rate among low-income
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women is as high as 30% to 45% [3], regardless of factors that
have been demonstrated to impact depression, such as race and
ethnicity [4]. Unfortunately, perinatal depression is often
undetected and untreated [5] despite mandates by professional
organizations to regularly screen perinatal women for depression
[6] and evidence to support the effective prevention and
treatment of these disorders [7].

Multiple factors contribute to the disparity in psychological care
received by perinatal women who suffer from depression.
Providers, mainly obstetricians, often lack the time, knowledge,
and training to appropriately identify women who meet the
criteria for diagnosable depression or exhibit subthreshold
symptoms [8,9]. It is hoped that this deficit in perinatal mental
health care will improve given recent mandates expressed by
the American College of Obstetricians and Gynecologists and
the United States Preventive Services Task Force (USPSTF),
with both organizations releasing strong statements
recommending that women be regularly screened for depression
during the perinatal period [6,10]. In 2019, the USPSTF took
one step closer to improving the quality of mental health care
for perinatal women when they provided evidence and support
for the prevention of PPD interventions [11]. Of major
significance was their statement that at-risk perinatal women
exhibiting subthreshold symptoms or other risk factors of
developing PPD should be referred to receive psychological
interventions aimed at prevention of PPD and the subsequent
negative consequences [12].

Perinatal women report barriers that interfere with their ability
to advocate for their mental health needs, often expressing a
lack of knowledge regarding psychological symptoms or
help-seeking resources [13], as well as mental illness stigma or
not fulfilling the role of motherhood [14,15]. Lack of
transportation or childcare is a common barrier among women
from low-income and ethnically diverse backgrounds [16,17].
Barriers to mental health care can be addressed through
system-wide changes to how maternal mental health services
are designed and implemented [17], such as through home
visiting (HV) services where trained individuals meet regularly
in-home, to assess family needs and provide services or referrals
related to maternal and child health, parenting practices, child
development, and school readiness. Similarly, there is a growing
emphasis on integrating digital aspects into mental health
services and interventions with growing evidence for their
effectiveness among the general population (eg, Andrews et al,
[18]). In fact, standalone and adjunct SMS programs for physical
health are effective in promoting behavior change [19] and
improving disease management, treatment compliance, and
appointment attendance [20].

However, few digital tools have been adapted and tested to
address the needs of perinatal women. This is surprising given
the ubiquity of mobile devices and growing interest among
perinatal women to access maternal health information on their
digital devices [21,22]. Recent reports have supported the
acceptability of programs and interventions for PPD that are
web- or computer-based (eg, Ashford et al and Lau et al
[23,24]), use short messaging service (SMS or text messaging)
[25,26], and are designed within mobile apps; Hughson et al
[27]. Most published digital programs for PPD are in the

protocol, feasibility, or acceptability phases of development
[28]. Regardless, in all instances, few low-income and culturally
diverse women have taken part in these studies [29].

This study builds on a body of work focused on the
implementation and testing of the Mothers and Babies (MB)
Course, a PPD preventive intervention that is based on
cognitive-behavioral therapy and social learning principles [30].
MB was 1 of only 2 psychological interventions recommended
by the USPSTF for prevention of PPD based on a systematic
review of 50 empirical studies [12]. MB aims to teach pregnant
women skills to cope with changes in their mood and build
healthy relationships with supportive adults and their newborn
babies. MB has been examined in several controlled prevention
trials, including as a face-to-face group intervention with
high-risk Latina pregnant women [30,31], as a group
intervention to augment HV programs [32-34], and online as a
fully automated intervention, Mothers and Babies Online Course
(eMB), that included an international sample of English- and
Spanish-speaking pregnant women [13]. In-person trials have
demonstrated that MB is effective at preventing the onset of
PPD and reducing depressive symptoms when compared with
usual care. While eMB did not demonstrate a statistical effect
in preventing PPD, pregnant women with elevated depressive
symptoms reported better depression outcomes if they engaged
in eMB relative to those randomized to the information-only
condition [35].

Despite the positive outcomes and the unique benefits of the
MB modalities, difficulties with engagement and retention
occurred across the MB modalities. Time commitment,
transportation, childcare, and technology access uniquely
impacted the effectiveness of each MB modality (group, 1-on-1,
and web-based). For instance, the eMB provided participants
with flexibility to engage with the course at their leisure and
eliminated the need for transportation and childcare. However,
the automated design and advances in technology have resulted
in outdated methods to access or engage with web-based
interventions. To address this challenge, a recent adaptation of
the MB to an SMS platform [36] is in line with its widespread
use and reliance on mobile devices. Similarly, the development
of MB 1-on-1 intervention delivered individually to a single
client as part of a HV program [37] reduces participant burden
related to time constraints and childcare needs associated with
the group modality. However, the home visitors’ ability to
ensure immediate and long-term retention of skills taught during
the MB 1-on-1 as well as between-session practicing of skills
taught remains difficult to ascertain.

Objectives
To maximize the benefits of more personalized and accessible
adaptations of the MB intervention, experts in the delivery of
MB partnered to create and examine the combination of MB
1-on-1 with SMS enhancements (ie, MB Plus Text Messaging
[MB-TXT]). A small quasi-experimental study was conducted
in which women were randomized to either MB 1-on-1 or
MB-TXT (ie, MB 1-on-1 plus text messaging). The purpose of
this report is to determine the feasibility and acceptability of
MB-TXT across HV programs. We anticipated that the addition
of SMS text messages to the MB-1-on-1 intervention would be
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acceptable, as measured by participants’ understanding of and
engagement with the MB-TXT. The home visitors’ adherence
to the MB-TXT protocol was also measured and is described
in this report as part of examining how feasible the SMS
enhancements were. A description of the full trial, including
the psychological outcomes, is presented elsewhere.

Methods

Setting
The research team partnered with 9 HV programs in the Midwest
to recruit women at high risk of poor pregnancy and parenting
outcomes. Participant recruitment was conducted between June
2017 and July 2018. Data from the MB-TXT arm of this study

are presented in this report. The Northwestern University
Institutional Review Board approved all study procedures
(STU00203918).

Participants
The MB-TXT participants included 28 pregnant women (mean
25.6, SD 9.0 weeks) between the ages of 17 and 31 years (mean
23.7, SD 4.3 years) who mostly self-identified as Black or
African American (12/28, 43%) or Hispanic or Latinx (10/28,
36%), and English-speaking (23/28, 82%). Participants were
mostly single (16/28, 57%) or living with a partner (8/28, 29%)
and stated that their pregnancy was unplanned (22/28, 79%).
Demographic information and professional background of the
home visitors were not collected as part of this study. See Table
1 for additional participant information.

Table 1. Participant characteristics (N=28).

ValueDemographic characteristics

23.7 (4.3)Age (years), mean (SD)

Race or ethnicity, n (%)

12 (43)Black or African American

10 (36)Hispanic or Latinx

4 (14)White

1 (4)Biracial

1 (4)Prefer to not specify

Marital status, n (%)

16 (57)Single

8 (28)Living with partner

2 (7)Engaged

2 (7)Married

Education, highest level, n (%)

1 (4)Grades 1-8

8 (28)Grades 9-12 (no diploma)

7 (25)High-school diploma or GEDa

11 (39)Some college (no degree)

1 (4)College degree

15 (54)Unemployed, n (%)

Annual household income (US $), n (%)

22 (81)0-24,999

2 (7)25,000-49,999

3 (11)50,000-74,999

English language, n (%)

23 (82)Primarily spoken at home

Pregnancy characteristics

25.6 (9.0)Weeks pregnant, mean (SD)

22 (78)Unplanned pregnancy, n (%)

13 (46)First childbirth, n (%)

aGED: General Educational Development test.
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Intervention
MB 1-on-1 comprises 12 in-person sessions based on the
original group MB [30], each lasting 15 to 20 minutes and
delivered by trained home visitors. MB 1-on-1 is divided into
3 modules that correspond to key cognitive-behavioral elements:
pleasant activities, thoughts (cognitions), and contact with others
(social support). Throughout the MB, mood management skills
are integrated with psychoeducational activities that encourage
participants to understand the influence of their mood and
cognitive-behavioral therapy components. The content is tailored
to the specific needs and issues related to the perinatal period.

The MB-TXT includes the delivery of MB 1-on-1 intervention
along with an added set of 3 SMS text messages after each of
the 12 sessions (see Table 2). SMS text messages were designed
to be triggered (ie, sent) following the completion of an MB
1-on-1 session. AZB developed 36 SMS text messages based
on an earlier SMS version of the MB [36] to complement the
MB 1-on-1 content. The MB 1-on-1 SMS text messages for
each intervention session included 1 message focused on each
of the following 3 areas: (1) skill reinforcement (eg, some
thoughts just come to us, but we can make a conscious effort to
think of positive thoughts); (2) homework reminders (eg, what
pleasant activity will you try today?), and (3) self-monitoring
(eg, on a scale of 1-9, how would you rate your mood?).
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Table 2. Mothers and Babies Plus Text Messaging (MB-TXT) examples classified by Mothers and Babies (MB) 1-on-1 session topics.

Self-monitoringHomework reminderSkill reinforcementTopic
and

HVa #

Course introduction

How stressed do you feel when
you think about becoming or being

PPb: Watch and make notes about the 15 min video on being your
child’s first teacher [38]

Everybody has stress. It affects
how you feel and how you interact
with your baby. Do something to-

1

a mom? Reply 9 to 1 (with 9 being
day to manage stress. It can be as
small as counting to 10

the most stressed and 1 the least
stressed)

Reply and let us know what your
mood is today on a scale of 1-9

PP: Remember to keep track of how you are feeling by circling your
mood rating on worksheet 2.2 at the end of the day

Inner reality: your thoughts. Outer
reality: what you do, who you re-
late to, what is around you. Stop
and notice your realities

2

(with 9 being the best day ever, 5
being average, and 1 worst day
ever)

Pleasant activities

Are you working on creating your
list of pleasant activities you like
to do? Reply Y or N

PP: What do you enjoy doing by yourself, with others, and with
your baby? Think about it or write it down on worksheet 3.2

It’s hard to do something pleasant
when you are stressed or feeling
sad. One pleasant activity can lead
to more. Pick one thing you will
do to destress

3

Were you able to schedule or
complete a pleasant activity? Re-

PP: Do not forget to do 1 pleasant activity this week. Fit it into your
week by planning a day/time to do it using worksheet 4.3

Pleasant activities can be low to
no cost, brief, and things that are
part of our daily routines

4

ply Y/N (If Y, also text us what
you did!)

Reply and let us know your mood
for today on a scale of 1 to 9 (with
9 being the best)

PP: Remember to keep track of how you are feeling (Quick Mood
Scale) and how many pleasant activities you do each day on work-
sheet 5.3

Babies learn by playing. Doing
pleasant activities with you en-
hances their development. Notice
how and what other babies in your
community like to play

5

Thoughts

Text us a positive thought you
have about becoming or being a
mom

PP: What helpful or harmful thoughts have you had this week about
being pregnant or becoming a mom? Write them down on worksheet
6.6

People have helpful and harmful
thoughts and both types affect how
we feel. Make an effort to think
helpful thoughts or imagine posi-
tive images

6

Have you noticed any harmful
thoughts you have? Reply Y/N (In

PP: Keep track of your mood (Quick Mood Scale). Count how many
helpful/harmful thoughts you have this week. Decrease harmful
thoughts with a new skill on worksheet 7.4

Talking back to harmful thoughts
is one way to reduce them. Today,
change one of your harmful
thoughts into a more helpful
thought

7

addition, tell us if you used a
strategy to reduce it.)

Reply and let us know your mood
for today on a scale of 1-9 (with 9
being the best)

PP: This week think about what you want your baby’s ideal future
to look like. What can you begin to do now to prepare for it? Put
your ideas on worksheet 8.3

Your thoughts can affect your fu-
ture and your baby’s future. It is
helpful to have thoughts about
your future so you can act in ways
to achieve your goals

8

Contact with others

Tell us about one positive contact
you had this week. Text us who

PP: On worksheet 9.4 rate how you are feeling and the number of
positive and negative contacts you have each day. Try to do this
every day of this week

Being with others can affect how
you feel. Many people feel sad or
depressed when they do not have
positive contacts or have negative
contacts with others

9

you were with and what you did
together?

Think about who supported you
this week if you were having a

PP: Knowing who you can count on to support your baby is this
week’s personal project. Write down who those people are on
worksheet 10.3

Support from others is important
for all of us. Positive contacts help
you when life gets hard. Different
people can provide support for
different things

10

difficult day. Text us what kind of
support they gave you
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Self-monitoringHomework reminderSkill reinforcementTopic
and

HVa #

Reply and let us know your mood
for today on a scale of 1 to 9 (with
9 being the best)

PP: This week try to ask for something from anyone—even your
home visitor! What way of asking will help get your needs
met—passive, aggressive, and assertive?

It is important to have your needs
met and express what you need.
Positive, clear, and direct requests
are the best way to communicate.
Practice being assertive

11

Planning for the future

Congratulations on finishing the
MB! On a scale of 1 to 9, how
helpful were texts in reminding
you about main ideas and personal
projects (9 is most helpful)?

Congratulations on finishing the MB! On a scale of 1 to 9, how
helpful were texts in reminding you about main ideas and personal
projects (9 is most helpful)?

Creating a healthy reality for you
and your baby must do with your
activities, your thoughts, and your
contact with others

12

aHV: home visiting.
bPP: personal project.

Measures
Demographic information included age, race or ethnicity,
language spoken at home, country of birth and years in the
United States, marital status, education, employment, and annual
income. Pregnancy history assessed for pregnancy planning,
pregnancy length, and previous childbirth.

Feasibility of MB-TXT
MB-TXT feasibility was defined by HV adherence to the
MB-TXT protocol, which included postsession documentation
of the participant session data (ie, date when the MB 1-on-1
session was conducted), whether the personal project for each
MB 1-on-1 session was completed [yes/no], text message ratings
for usefulness and understanding, and optional notes), and the
triggering of SMS text messages within 7 days of completing
each in-person MB 1-on-1 session.

All self-monitoring SMS text messages invited a response from
the participants and were used as a proxy measure of
engagement and readability of the SMS text messages. Six of
the 12 self-monitoring SMS text messages invited participants
to provide a numerical rating of their stress (session 1; 9=most
stressed to 1=least stressed), their mood (sessions 2, 5, 8, and
11; 9=best day ever to 1=worst day ever), or overall helpfulness
of the SMS text messages (session 12; 9=most helpful to 1=least
helpful). The remaining 6 self-monitoring SMS text messages
invited participants to respond with a message describing how
they applied the intervention skills taught during the MB 1-on-1
sessions.

Acceptability of MB-TXT
Participants’ perceived utility and comprehension of the SMS
text messages was measured using a 4-point Likert scale that
assessed the usefulness (ie, 4=very useful to 1=not at all useful)
and understanding (ie, 4=totally understood to 1=did not
understand at all) of each SMS text message. Participant
engagement in the MB-TXT was based on the number of SMS
text messages sent by the participant in response to the
self-monitoring texts that prompted a response (eg, Are you
working on creating your list of pleasant activities you like to
do? Reply Y or N).

SMS Platform
HealthySMS [39] is a web-based platform designed to send
health-related SMS text messages. The platform includes a
dashboard that allows administrators to set up users as individual
recipients or within groups, to trigger (ie, initiate) texts, to view
planned activities (eg, upcoming messages) or generate data
(eg, messages received by users), and to track project-specific
information, such as home visitor entries of MB 1-on-1 session
data. Home visitors received formal training on the MB 1-on-1
intervention before completing the training on the HealthySMS
platform.

Design
Participants were referred by their HV programs based on the
study eligibility criteria, which included (1) being pregnant, (2)
English or Spanish speaking, (3) >16 years, (4) and the ability
to receive SMS text messages. Home visitors in each HV
program identified and referred clients to the research team;
research team members followed up with participants by
telephone to confirm eligibility and to obtain informed consent.
Before any study activities, informed consent was obtained from
all participants, including clients and home visitors. Informed
consent was obtained via Research Electronic Data Capture
(REDCap) [40,41] for web-based consent, and verbal consent
was obtained over the phone (yes or I agree) and documented
by a research team member. All participants were mailed a copy
of their consent form. A waiver of consent for parents or
guardians of participants under 18 years of age was granted by
the Northwestern University Institutional Review Board. In the
US state where the study was conducted, parent or guardian
consent was not required for a client under 18 years to enroll
in a HV program. Participants had the option to opt out of the
study activities by notifying the study team at any time.

After completing each of the MB 1-on-1 sessions, home visitors
were instructed to log-in to the HealthySMS platform to enter
session data and trigger session-specific SMS text messages.
Once triggered, the asynchronous SMS text messages for each
MB 1-on-1 session were automatically sent in a linear and
sequential order, at different times of the day within a 12-hour
block of time each day, 36-72 hours apart.
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Results

Feasibility
Feasibility was defined by home visitors’ adherence to the
MB-TXT protocol, which instructed them to enter session data
into the HealthySMS platform within 7 days of each of the MB
1-on-1 sessions. MB-TXT SMS text messages were triggered,
on average, 26.18 (SD 14.40) days following the MB 1-on-1
session (range 5.50-61.17 days).

Response Rates
Overall, 68% (19/28) of participants completed the MB 1-on-1
intervention and received up to 36 MB-TXT SMS text messages.
Of the 32% (9/28) remaining participants, 28% (8/28) did not

complete the MB 1-on-1 intervention (ie, received fewer than
36 MB-TXT SMS text messages owing to dropout or premature
termination). The self-monitoring SMS text messages were the
only SMS text message type used to invite a participant response
(Table 3). Almost all participants (25/28, 89%) responded to at
least one of the 12 self-monitoring MB-TXT SMS text
messages, with all participants in the sample responding to an
average of 8.52 (SD 6.35) text messages. Of the 11% (3/28) of
participants who did not respond to any of the self-monitoring
SMS text messages, 7% (2/28) were foreign-born and 67%
(19/28) were Spanish-speakers. Of note, however, these 7%
(2/28) of participants did not complete the MB 1-on-1
intervention. No other group differences emerged between those
who did and did not respond to the self-monitoring SMS text
messages.

Table 3. Participant responses to Mothers and Babies Plus Text Messaging stress and mood rating text messages (N=28).

Narrative responsesRangeMean (SD)Response rate, n (%)Text messageSession

“Because I have to work out whether or not
I’m going to go back too [sic] work after
giving birth or sit it out for a few
months...and putting the new babysitting plan
in action if I decide to go back to work; It
feels good. I love being a mom, my kids, my
life”

1-83.64 (2.44)16 (57)How stressed do you feel when you
think about becoming or being a mom?
Reply 9 to 1 (with 9 being the most
stressed and 1 the least stressed)?

1

“Today my son graduated from kindergarten.
I’m so proud and excited!”

4-97.06 (1.43)18 (66)Reply and let us know your mood for
today on a scale of 1-9 (with 9 being
the best day ever, 5 being average, and
1 worst day ever).

2

“I feel good and am present”6-97.5 (1.09)17 (61)Reply and let us know your mood for
today on a scale of 1-9 (with 9 being
the best).

5

“Just got back from ______ [and the] train
was 2 hours late—they lost my luggage”

2-97.59 (1.77)19 (68)Reply and let us know your mood for
today on a scale of 1-9 (with 9 being
the best).

8

N/Aa2-97.18 (2.14)15 (55)Reply and let us know your mood for
today on a scale of 1-9 (with 9 being
the best).

11

aN/A: not applicable.

Consistent with the MB 1-on-1 content, the self-monitoring
SMS texts invited participants to respond with a numerical
rating of stress (session 1; 9=most stressed to 1=least stressed)
and mood (sessions 2, 5, 8, and 11; 9=best day ever to 1=worst
day ever). All participants received the session 1 self-monitoring
text message, with 57% (16/28) responding to these SMS text
messages with an average stress rating of 3.64 (SD 2.44).
MB-TXT mood ratings (for MB 1-on-1 sessions 2, 5, 8, and
11) were high, ranging from 7.06 to 7.59 out of 9. Session 12
self-monitoring SMS text message assessed the overall
helpfulness of the MB-TXT, with respondents reporting high
ratings (mean 8.22, SD 1.30; range 5-9). In 3 instances
participants provided a narrative response instead of a numerical
rating (eg, Yes it was in response to session 12 helpfulness of
the MB-TXT) or as context to their numerical rating (eg, “...3,
because I have to work out whether or not I’m going to back

too [sic] work after giving birth or sit it out for a few months
and putting the new babysitting plan in action if I decide to go
back to work” in response to the session 1 inquiry about stress
related to motherhood).

Response rates for the self-monitoring SMS text messages that
invited a response on how participants were implementing
intervention skills ranged from as low as 20% to as high as 65%.
In their responses, participants provided examples of the pleasant
activities (eg, “Yes, I crocheted on my son’s blanket while we
listened to music”), positive thoughts (eg, “I must take care of
myself so I can take care of those I love”), and type of contacts
(eg, “Contact with my newborn. My baby was born”) they
engaged in (Table 4). Skill reinforcement and homework
reminder SMS text message types did not invite a participant
response; however, 21 and 18 responses describing participant
reactions or reflections to the texts, respectively, were received.
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Table 4. Participant responses to Mothers and Babies Plus Text Messaging self-monitoring text messages.

Narrative responsesText messageTopicSession

Were you able to schedule or com-
plete a pleasant activity? Reply Y/N
(If Y, also text us what you did!)

4 •• “Yes, dancing.”Pleasant activities
• •What do you like to do? “Yes, I went shopping for Christmas gifts (Spanish)”

•• “Yes, I crocheted on my son’s blanket while we listened
to music”

Overcoming obstacles

• “Yes, I was able to take my kids to the park and teach
my daughter how to rollerblade and jump rope”

• “Yes, I went shopping and to a family BBQ”

Text us a positive thought you have
about becoming or being a mom

6 •• “I am excited to see my baby’s eyes and smile”Thoughts
• •What are thoughts? “I must take care of myself so I can take care of those

I love”• Helpful/positive thoughts
• “I’m doing a good job! Motherhood is challenging and

it [is] ok to struggle!!!”
• “My son is cute”
• “I’m looking forward to being an even better mom than

before. Watching and growing with my daughter. Being
there for both my children. Things are looking up as I
become more positive about becoming a parent. I’m
even thinking of a career change as a result”

Tell us about one positive contact you
had this week. Text us who you were
with and what you did together?

9 •• “On Monday my dad and my brother came to my house
we had dinner together and we talk about our child-
hood”

Contact with others
• Breaking the cycle between

negative mood and fewer posi-
tive contacts • “I had positive contact with my children. We played

with blocks, I read stories and we had a great day”
• “My friend Mara met me at the park and walked back

home with me. She walked my dog while I pushed the
stroller”

• “Contact with my newborn. My baby was born”

Acceptability
A total of 293 MB-TXT sets of 3 messages were triggered upon
completion of the MB 1-on-1 session. A total of 879 MB-TXT
messages were sent through the HealthySMS platform to all 28
participants (mean 31.39, SD 7.98; range 9-36). Overall, 68%
(19/28) of participants were sent the full dose of MB-TXT text
messages (ie, 684 SMS text messages), given that they attended
all 12 MB 1-on-1 sessions. The remaining 32% (9/28) of
participants who did not complete all 12 MB 1-on-1 sessions
received fewer than 36 MB-TXT SMS text messages, given
that they were designed to be triggered postsession.
Acceptability assessments indicated that SMS text messages
were rated as useful to very useful (range 64%-86.3%) and
understandable to totally understandable (range 80%-100%).

Discussion

Principal Findings
The MB was recently recognized by the USPSTF [12] as an
evidence-based prevention of PPD intervention that should be
recommended for high-risk perinatal women. This report
contributes to a growing line of research focused on MB
adaptations to meet the needs of perinatal women and the
agencies that serve them. This study examined the acceptability
and feasibility of the MB 1-on-1 intervention delivered to HV
clients with added SMS text messages that reinforced skills
taught in each in-person session, reminded participants of
between-session homework, and focused on self-monitoring of
symptoms and the application of skills to their daily lives. In

addition, self-monitoring SMS text messages, which invited
participants to respond, served as a proxy measure of
engagement with the MB-TXT program. As expected,
participants found the 36 MB-TXT SMS text messages to be
highly acceptable and engaged with the program by responding
to more SMS text messages than required. In fact, most
participants responded to at least one text message, and text
messages were rated as both useful and easily understandable,
which is critical, especially when aiming to reinforce skills
beyond the therapeutic session and attempting to keep the users
engaged with the digital approach. Although the high
acceptability of the MB-TXT was consistent with previous
reports using SMS interventions with perinatal populations,
participants in this study engaged at higher rates with the
MB-TXT. By comparison, Broom et al [25] reported that 45%
of postpartum participants responded to at least one of the
treatment adjunct text messages (vs 25/28, 89% of participants
in this study) and only 7.30% (vs 55%-68%; 15-19 participants
in this study) responded to SMS text messages that allowed
responses.

Two key components of the MB prevention intervention are:
(1) teaching women how to become aware of their emotional
states and related behaviors and (2) practice skills taught in each
session with the goal of reducing their risk of PPD. These
principles were targeted with MB-TXT self-monitoring and
personal project reminder text messages. On the basis of the
participants’ engagement with the MB-TXT, about 50% of the
women affirmed that they were able to implement the skills
taught through MB 1-on-1, a finding that is consistent with
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previous reports that used SMS to enhance behavioral
interventions [36,42]. Similarly, home visitors indicated that
approximately 50% of the women completed session-specific
personal projects, which exceeds the rates found in previous
MB trials [43].

The success of MB-TXT was largely dependent on the home
visitors’ engagement with the HealthySMS platform. In this
study, the home visitors’ level of adherence to accessing the
platform within 7 days of the MB 1-on-1 session served as a
feasibility measurement. Although most of the home visitors
accessed the HealthySMS platform and the participants, as a
result, received the full allotted set of MB-TXT SMS text
messages, fewer than expected were able to access it within the
protocol’s timeframe of 7 days. These implementation
difficulties were often owing to logistical (eg, time efficiency
by saving all data entry for a nonfield day), technological (eg,
failure to understand how to use the HealthySMS platform),
and personal barriers (eg, forgetting to trigger messages within
7 days). Regardless, these noted barriers suggest that home
visitors may need additional resources to support their role in
MB-TXT implementation. For instance, there were 6 participants
for whom research staff needed to regularly assist their home
visitors by entering session data into the HealthySMS platform.
Four of these participants dropped out of their respective HV
programs and ceased to receive the full dose of the MB-TXT.
There were also participant and systemic events that likely
contributed to challenges in feasibility (eg, disconnected
participant telephone numbers or the blocking of the MB-TXT
phone number and loss of funding by home visitation agencies
and home visitors no longer being affiliated with their agency,
respectively).

Limitations
In addition to the noted challenges of implementing the
MB-TXT as an enhancement to the MB 1-on-1 intervention,

there are several limitations to consider. The factors that
contribute to acceptability ratings remain unknown. That is, the
valence of these ratings may be due to external factors not
associated with MB-TXT, such as home visitors’understanding
of and competency in delivering the MB 1-on-1 or participants’
desire to respond favorably to maintain their relationship with
the home visitor (ie, social desirability). Related, acceptability
ratings were gathered in aggregate by session number and not
by text message type. As such, it is unclear whether a specific
text message or message type may have been rated differently
(eg, for a specific session, the skill reinforcement text may have
been experienced as very useful, but the self-monitoring SMS
text message may not have been). This lost data point has
implications for future iterations of the MB-TXT and the
research team’s goal of improving the program content and
impact on PPD. The wording of SMS text messages may have
also influenced how participants engaged in MB-TXT. For
instance, the skills reinforcement self-monitoring messages that
invited participants to share how they applied intervention skills
to their daily lives may have inadvertently discouraged those
who did not implement the skills from submitting a response.
As such, it is difficult to ascertain whether those who did not
respond were participants who, in fact, did implement the skills
but failed to respond versus those who may have struggled to
implement the skills and did not want to provide that feedback
or who simply ignored the invitation to provide a response.

Conclusions
The findings of this study are promising as low-cost
evidence-based digital interventions are being developed with
the goal of reaching underserved communities of perinatal
women at risk for PPD. Future iterations of MB-TXT will aim
to integrate lessons learned from this study, especially as they
relate to digital interventions that rely on or integrate human
support as part of implementation.
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Abstract

Background: Human papillomavirus (HPV) is a common and preventable sexually transmitted infection; however, vaccination
rates in the United States among the target age group, which is 11-12 years, are lower than national goals. Interventions that
address the barriers to and facilitators of vaccination are important for improving HPV vaccination rates. Web-based, text-based
focus groups are becoming a promising method that may be well suited for conducting formative research to inform the design
of digital behavior change intervention (DBCI) content and features that address HPV vaccination decision-making.

Objective: This study aims to explore parental HPV vaccination decision-making processes using a web-based, text-based focus
group protocol to inform content and feature recommendations for an HPV prevention DBCI.

Methods: We conducted 4 web-based, text-based synchronous focus groups via Skype with the parents of patients aged 11-13
years within a large urban US pediatric clinic network.

Results: The 22 parents were mostly female, White, non-Hispanic college graduates, and they mostly had private health insurance
for their children. Approximately half (14/25, 56%) of the parents' 11-13 year old children had initiated HPV vaccination. Most
parents had experience using Skype (19/22, 86%). Approximately half (8/17, 47%) of parents expressed no preference for the
focus group format, whereas 47% (8/17) requested a text-only chat format and 6% (1/17) requested an audiovisual format. The
three main themes from the qualitative data were barriers to HPV vaccination, facilitators of HPV vaccination, and suggestions
for improving the HPV vaccination clinic experience. A total of 11 intervention content and feature recommendations emerged
from the themes, including addressing HPV knowledge barriers using trusted sources, designing for a family audience, focusing
on the framing of messages, reporting reputable HPV research in a comprehensible format, and expanding the clinic visit
experience.

Conclusions: Synchronous text-based focus groups are feasible for conducting formative research on HPV vaccination
decision-making. Among well-educated and well-resourced parents, there are barriers such as misinformation and facilitators
such as pediatrician recommendations that influence HPV vaccination decision-making. Parents want to conduct their own HPV
research as well as receive relevant HPV vaccination advice from their child’s pediatrician. In addition, parents want an enhanced
clinic visit experience that lets them access and connect to tailored information before and after clinic visits. The results gathered
provide guidance for content and features that may inform a more responsive DBCI to address HPV vaccination decision-making
among parents.
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Introduction

Background
Human papillomavirus (HPV) is the most common sexually
transmitted infection (STI) in the United States [1] and
worldwide [2]. The US Centers for Disease Control and
Prevention (CDC) estimates that approximately 90% of men
and 80% of women will be infected with at least one type of
HPV in their lives [3]. HPV infection generally occurs within
a few months to years of becoming sexually active [4,5].

HPV can cause asymptomatic infections, warts, and cancer in
women and men [6]. An estimated 34,800 HPV-attributed
cancers of the cervix, vagina, vulva, penis, anus, and oropharynx
are diagnosed in the United States every year [7]. Most of these
cancers are associated with the infection of HPV types 16 and
18. Although HPV is commonly associated with cervical cancer,
its prevalence in oropharyngeal tumors has increased
substantially from the 1980s (16%) to the 2000s (73%) [8]. In
addition to cancer, HPV causes 300,000 new cases of genital
warts each year via HPV types 6 and 11 in the United States
[9]. Owing to HPV’s prevalence and ease of transmission, there
have been global efforts to prevent the spread of HPV infection.

Historically, 3 prophylactic HPV vaccines (2vHPV, 4vHPV,
and 9vHPV) have been licensed for use in the United States
since the first HPV vaccine became available in 2006 [10,11].
Over time, the dosing regimen, range of protection, and intended
patient profile for the HPV vaccine have changed. Since 2016,
the 9-valent HPV vaccine (9vHPV) has been the only HPV
vaccine sold in the United States [12] and is currently available
for males and females aged 9-45 years. The Advisory Committee
on Immunization Practices recommends that routine HPV
vaccination be initiated for children aged 11-12 years [13]. The
Healthy People 2030 goal for HPV vaccination series
completion is 80% of adolescents aged 13-15 years. However,
national samples of adolescents aged 13-17 years estimate that
only 60% have initiated and 40% have completed the HPV
vaccination series [14].

The modification of factors that negatively affect parental
vaccination decision-making is a key strategy to improving
HPV vaccination rates [15,16]. A 2019 systematic review of
41 US-based studies exploring HPV vaccine beliefs found four
negative beliefs—perceived adverse effects (ie, promotes sexual
activity, too new, and causes illness), perceived lack of necessity
(not sexually active), morality concerns (stigmatizing recipients),
and skepticism about effectiveness—and one positive belief,
that it prevents STIs, across the literature [17]. In comparison,
the National Immunization Survey-Teen 2010-2016 trend data
found safety concerns, a lack of vaccine knowledge, and
perceived lack of necessity as consistent reasons why parents
did not initiate HPV vaccination for their adolescents [18].
Among caregivers, the internet is a popular source for
information regarding HPV vaccination [19]; however, most
websites that contain information about HPV immunization
have poor readability [20]. Furthermore, web-based consumer

health information is susceptible to miscommunication,
misrepresentation, and misappropriation, which can result in
negative health consequences for information seekers and those
they care for [21]. HPV prevention digital behavior change
interventions (DBCIs) that focus on relatable, understandable,
and actionable information may facilitate HPV vaccination
decision-making among parents.

Formative research constitutes an important component
informing DBCI content and feature design [22-25] and includes
understanding the barriers and facilitators of vaccination in the
context of HPV. As the adaptation of research protocols to
remote formats becomes imperative [26,27], web-based,
text-based focus groups may serve as a feasible way to gather
DBCI formative data. Web-based synchronous text-based focus
groups have addressed a range of issues, including parental
attitudes toward the 9-valent HPV vaccine [28], HPV mobile
health preferences among young men who have sex with men
[29], and views on sex among childhood survivors of cancer
[30,31]. Studies comparing web-based synchronous text-based
focus groups with the traditional in-person approach have found
similar thematic content and quality across the formats [32-34].

Objective
The purpose of this study is to explore parental HPV vaccination
decision-making processes within a large urban pediatric clinic
network using a web-based, text-based focus group protocol to
inform content and feature recommendations for an HPV
prevention DBCI. Specifically, we seek to answer the following
three research questions:

1. Themes: What are the influences of HPV vaccination
decision-making among parents belonging to a large
pediatric clinic network?

2. Intervention recommendations: On the basis of the themes,
what are the content and feature recommendations for a
DBCI to encourage HPV vaccination?

3. Format feasibility: How feasible is conducting formative
HPV research with parents using synchronous text-based
focus groups?

Methods

Overview
Four 60-minute web-based synchronous text-based focus groups
were conducted via Skype (Microsoft Inc) in October 2016 with
parents of adolescents aged 11-13 years. The adolescents were
patients at a large urban and geographically diverse pediatric
clinic network in Texas, United States. Parents were invited to
participate in the focus groups through their pediatricians, study
recruitment flyers posted in the clinic waiting rooms, and
advertisements on the clinic’s Facebook page. Recruited parents
completed a phone-based screening to assess their eligibility.
After verbal consent was received, potential parents were sent
a demographic and focus group preference survey. Parents were
provided a Skype username and password for the duration of
the study along with a Skype guide that included download and
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log-in instructions with screenshots. Usernames were created
that included the parent’s first name and an ID number and were
deleted at the conclusion of each session. Parents were instructed
to use Skype on a laptop or desktop, so their mobile phone
would be available if tech support was needed. Approximately
48 hours before the start of their session, parents were asked to
log into their study account and answer the question, “What
activities do you like to do with your child or children on the
weekend?” as a check that they had successfully downloaded
Skype (if needed) and could navigate the chat function. A total
of 4 research staff members conducted the synchronous focus
groups. This included the lead moderator who posted questions
in the group chat, 2 submoderators who took notes and
monitored the discussion for opportunities to probe participants,
and a technology facilitator who assisted parents with using
Skype if needed. A US $40 web-based gift card incentive was
offered to the parents at the completion of their focus group.
Study protocols and procedures were approved by the University
of Texas Health Science Center at Houston institutional review
board (HSC-SPH-15-0202).

Participant Inclusion Criteria
Participants were eligible for the study if they were a parent or
legal guardian of a patient aged 11-13 years in the clinic
network. Participants needed an internet connection, access to
a desktop or laptop with a keyboard, and the ability to download
and use the free web-based video conferencing and chat
platform, Skype [35]. Participants also needed to be able to read
and write in English.

Measures

Demographics
Parents’ demographic variables included sex, age, race,
ethnicity, education, number of children, child’s health insurance
status, child’s HPV vaccination initiation status, and adolescent
vaccine hesitancy status. Parent-adolescent vaccine hesitancy

was assessed using an adapted question from the Parent
Attitudes about Childhood Vaccines survey [36], “Overall, how
hesitant about adolescent vaccinations (HPV, Tdap [tetanus,
diphtheria, and pertussis], Meningitis, and influenza), would
you consider yourself to be?” with Likert-scale response options
of not hesitant, somewhat hesitant, unsure, hesitant, and very
hesitant.

Skype Use
Skype use was assessed by asking parents how often they use
Skype (aware but never use, use sometimes, or use regularly).
The preferred Skype focus group format was assessed by asking
parents how they would like to communicate for the focus group
(Skype chat [text-based only], Skype call [audio and visual], or
no preference). Skype logistics were evaluated from the no-show
rate for each focus group session and the difficulty in attending
the session (ability to log into the account 48 hours before the
session, being late to the session, calls with the technology
facilitator, and technical difficulties during the session). The
costs of using the web-based Skype format were compared
against the projected costs of conducting in-person focus groups
at the clinics. Although both groups included participation
incentive costs, in-person groups would have required additional
costs, including transcription, parking reimbursements, and
after-hours pay of clinic staff.

HPV Vaccine Decision-Making
Research staff trained in qualitative research conducted the
focus groups using a discussion guide comprising questions on
parental vaccination attitudes and vaccination decision-making
processes (Textbox 1). Topic 3 included a series of DBCI
subquestions. The discussion guide was informed by prior
qualitative research conducted with the network clinic staff and
HPV vaccination barriers and facilitators reported in prior
research [28,37-43]. Optional probes were generated beforehand
and modified in real time as needed.
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Textbox 1. Focus group guide.

Topic 1

• Prompt: Patients aged 11-12 years typically receive four vaccinations: Tdap, meningococcal, human papillomavirus (HPV), and flu. In the survey
you completed, some of you indicated that your adolescent has received all of these vaccinations, whereas others indicated that your adolescent
has not received one or more of these vaccinations.

• Question: How do you decide if your adolescent should receive certain vaccinations? Can you please describe that process?

Topic 2

• Prompt: At the network clinics, rates of HPV vaccination are lower than rates of the other adolescent vaccinations. In the survey you completed,
some of you said that your adolescent has received the HPV vaccine and some of you said that your adolescent has not yet received the HPV
vaccine.

• Question: What were the most important factors in making the decision whether to vaccinate or not vaccinate your adolescent for HPV?

Topic 3

• Prompt: In light of what we have just discussed, let us consider ways to improve the parent experience at the clinic.

• Question: How can the clinic help you as a parent in making decisions around vaccinating your adolescent against HPV?

• Digital behavior change intervention subquestions:

• How can the clinic best communicate with you about HPV? What channels?

• Would you like to receive information from the clinic through a phone app? Why or why not?

• What educational information about the HPV vaccine on a website or phone app would be most helpful to you?

Data Analysis
Demographics were analyzed descriptively, including mean and
range for continuous data and frequency and percentage for
nominal data. Skype logistics data were analyzed from focus
group transcripts and call logs. Cost savings were calculated by
comparing the estimated in-person costs of focus groups with
the costs of Skype-mediated focus groups. The qualitative
analysis was completed in two phases. The first phase involved
4 project staff members creating a preliminary codebook and
assessing the frequency of responses to specific questions across
the focus groups. The second phase involved the lead moderator
(first author, ERBB) conducting a conventional content analysis,
the systematic classification process of coding and identifying
themes, with coding categories derived directly from the data
[44]. In the review of each transcript and accompanying notes,
existing codes and broader categories were used to identify
themes for parental vaccination decision-making. These findings
further informed the content and feature design
recommendations of an HPV prevention DBCI [45]. The
identified themes were reviewed and retained on the basis of
the consensus of the research team.

Results

Demographic Characteristics
A total of 22 parents with an adolescent aged 11-13 years
participated in the web-based, text-based focus groups (Table
1). Parents came from 31% (16/51) of clinics within the network.
There were 4-7 parents in each session. Parents were aged 41.9
years (SD 6.1 years); had an average of 2 children; were mostly
female (21/22, 95%), White, and non-Hispanic (13/22, 59%);
had a graduate or professional degree (10/22, 45%) and had
private health insurance for their child or children (18/22, 82%).
Most parents were not hesitant (11/22, 50%) or somewhat
hesitant (8/22, 36%) toward adolescent vaccinations.
Approximately 56% (14/25) of the parents' 11-13 year old
children had initiated HPV vaccination. This approximates the
demographic characteristics of the clinic network population,
where, among children aged 10-17 years, 45% (56,934/127,975)
were White and non-Hispanic, 80% (102,223/127,975) had
private health insurance, and 58% (74,204/127,975) had initiated
the HPV vaccination.
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Table 1. Parent demographics (N=22).

Study participantsCharacteristic

Parent age (years)

41.95 (6.12)Value, mean (SD)

30-52Value, range

Number of childrena

1.95 (1.31)Value, mean (SD)

2 (1-5)Value, median (range)

1Value, mode

19Total male

24Total female

Parent sex, n (%)

1 (5)Male

21 (95)Female

Parent race and ethnicity, n (%)

13 (59)White and non-Hispanic

7 (32)Black or African American and non-Hispanic

2 (9)Hispanicb

Parent education, n (%)

4 (18)High school graduate

8 (36)College graduate

10 (45)Graduate or professional degree

Child or children’s health insurance status, n (%)

18 (82)Private health insurance

2 (9)Medicaid

1 (5)State Children’s Insurance Program

1 (5)Military health care

Adolescent vaccination hesitancy statusc, n (%)

2 (9)Very hesitant

1 (5)Hesitant

0 (0)Unsure

8 (36)Somewhat hesitant

11 (50)Not hesitant

Child or children’s HPVd vaccination initiation statuse, n (%)

9-10 years

0 (0)Yes

5 (100)No

11-13 years

14 (56)Yes

11 (44)No

≥14 years

10 (77)Yes

3 (23)No

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28846 | p.483https://formative.jmir.org/2021/11/e28846
(page number not for citation purposes)

Becker et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Study participantsCharacteristic

Skype use, n (%)

3 (14)Aware of Skype but never used it

18 (82)Use sometimes

1 (5)Use regularly

Preferred focus group formatf, n (%)

8 (47)Skype chat (text-based only)

1 (6)Skype call (audio and visual)

8 (47)No preference

aChildren aged 9-23 years.
bA total of 2 parents only reported Hispanic ethnicity and no racial category.
cIncludes human papillomavirus, Tdap (tetanus, diphtheria, and pertussis), meningitis, and influenza vaccination.
dHPV: human papillomavirus.
en=43 children; received at least one human papillomavirus vaccine dose.
fData missing for 5 parents.

Influences of HPV Vaccination Decision-Making:
Qualitative Findings
Three themes emerged regarding parents’ HPV vaccination
decision-making processes: (1) barriers to HPV vaccination,
(2) facilitators of HPV vaccination, and (3) suggestions for
improving the HPV vaccination clinic experience.

Barriers to HPV Vaccination
Barriers that affected parents’HPV vaccination decision-making
were driven by HPV misinformation and confusion, negative
HPV beliefs and attitudes, and navigating trustworthy HPV
information on the internet. Parents were unsure if boys needed
or were eligible for the HPV vaccine. There was also concern
that the vaccine did not cover all the “mutations of the virus”
and that the “virus changed structure over time”:

The HPV vaccine does not cover enough (too many
types) for me to inject my son with some unknown
drug. I feel like they are trying to scare us into doing
it. I am not sold. [Female, 45 years, Black,
non-Hispanic, very vaccine hesitant] (1)

A parent who had chosen not to vaccinate her son for HPV
expressed the hope that people would get tested for STIs
(including HPV) before having sex, although there is no Food
and Drug Administration–approved HPV test for males. Another
parent thought HPV was linked to herpes (although HPV does
not cause herpes, it can cause genital warts). Parents questioned
why “the vaccine series is not effective once you pass a certain
age” and “does it work for those who are older than 26 but not
sexually active?”

Parents reported negative beliefs and attitudes toward the HPV
vaccine. Many parents who considered themselves generally
provaccination were skeptical about the HPV vaccine as they
perceived it to be new and possibly have long-term negative
health effects:

We are not getting it [HPV vaccine] right now. Maybe
in a few years, when my daughter is closer to
becoming sexually active and that way, after a few

more years have gone by, the vaccine will be more
tested and better. [Female, 43 years, White,
non-Hispanic, not vaccine hesitant] (2)

The belief of being able to postpone the HPV vaccine because
of the perceived sexual inactivity of their adolescent was echoed
by other parents:

I am reluctant to start the HPV shots with my soon
to be 13-year old son because I don’t think it’s
necessary at this moment to start it with him and I
need to do more research to learn more about the
risks of doing it or not doing it. [Female, 40 years,
White, non-Hispanic, somewhat vaccine hesitant] (3)

I have always given my daughter the expected and
recommended vaccinations except the HPV
vaccination because of concerns I heard about
negative effects, and also knowing absolutely that she
is not sexually active yet I felt I had time to do some
research and make an informed decision. [Female,
50 years, White, non-Hispanic, somewhat vaccine
hesitant] (4)

Parents also questioned if the vaccine was being promoted for
financial gain:

I just wonder if the doctors are urging these vaccines
because it is what they believe is best or is big pharm
pushing it. [Female, 45 years, Black, non-Hispanic,
very vaccine hesitant] (5)

Parents generally felt the need to do their own HPV research,
even when provided with recommendations by health care
providers:

My pediatrician brought it [HPV vaccination] up at
her last year’s checkup (when she turned 12). She
gave me a handout about the [HPV] vaccine and
accepted my response that I was not ready to commit
to it yet but wanted to research more and think about
it. She did say she recommended it, but did not push,
at least not at that visit. [Female, 50 years, White,
non-Hispanic, somewhat vaccine hesitant] (6)
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When doing their own HPV research, trustworthy information
sources differed among parents. Although pharmaceutical
advertisements and beliefs of the general public were seen as
untrustworthy sources of HPV information and pediatricians
were overwhelmingly seen as trustworthy HPV sources, there
was little agreement among other sources. For example, family
and friends, the internet, and news articles were HPV
information sources that parents had differing opinions about:

TV news, old fashioned newspapers, and NPR are my
primary sources for information. Generally they touch
on a vaccine when it is new, recalled, or if there is a
bump in a disease spreading. Not social media, not
friends, not internet. I do read all the fine print in
printed RX ads. [Female, 47 years, White,
non-Hispanic, not vaccine hesitant] (7)

CDC website, friends and family, other news articles
from magazines or website that are informative. I
don’t take my info from add in tv or magazine since
they are paid by the pharmaceutical industry....
[Female, 45 years, White, non-Hispanic, somewhat
vaccine hesitant] (8)

Some parents noted the CDC and National Institutes of Health
as trustworthy HPV information sources, whereas others
commented that they had never thought of using these agencies:

...for some reason, I never thought to check the cdc
about hpv, but after this focus group that makes a lot
of sense...thank you all who have mentioned that
[Female, 37 years, Black, non-Hispanic, vaccine
hesitant] (9)

A parent also expressed knowing a CDC scientist who was not
in support of the HPV vaccine. Navigating reputable research
on the internet proved particularly challenging for many of the
parents. This was highlighted in an exchange during a focus
group where one parent shared a link to an article written by a
physician disputing HPV vaccine effectiveness that freaked her
out, and another parent provided a website citing that physician
and his organization as fraudulent and not scientifically sound
[46].

Overwhelmingly, parents had misinformation about HPV and
the HPV vaccine and had differing opinions about go-to sources
for reputable information. The HPV vaccine was seen as
different from other adolescent vaccinations, even among those
that considered themselves provaccine, because of the perceived
newness, perceived lack of evidence, and belief that the vaccine
could be postponed until a child is sexually active.

Facilitators of HPV Vaccination
Facilitators of HPV vaccination included positive HPV beliefs
and attitudes, family members and close friends experiencing
negative health outcomes from preventable illness, personal
experience with HPV, and pediatrician recommendations.
Positive beliefs about the HPV vaccine centered around
decreasing their children’s risk of acquiring STIs and cancer,
protecting their children’s future partners, and protecting public
health. These beliefs were highlighted when parents were asked
what comes to mind when they hear HPV vaccine, and
statements around cancer and sexually transmitted disease

prevention were the most prominent. Parents expressed that the
HPV vaccine provided a unique opportunity to prevent cancer:

Thank God for Modern Medicine. With technology
and medical advancements, why are we not excited
about the ability to PREVENT cancer- not just CURE
it? Let’s educate our parents and help them advocate
for their children- it’s time to be proactive now, rather
than reactive later. [Female, 43 years, White,
non-Hispanic, not vaccine hesitant] (10)

Most parents expressed that their child could be at risk of
contracting HPV in the future. Parental perceived risk often
centered on future partners:

As I said before, my hope is that my children choose
to abstain from sex until marriage. Should they choose
not to do that, I hope they use safe sex practices. But
even if they did all the “right things,” they still might
wind up married to someone who was exposed to
HPV. [Female, 37 years, White, non-Hispanic, not
vaccine hesitant] (11)

Absolutely. Unfortunately, I think STD are very
widespread. And I don’t think people are generally
forthcoming with telling others that they have an STD
before having sex. [Female, 40 years, White,
non-Hispanic, somewhat vaccine hesitant] (12)

Concerns over asymptomatic HPV infection and rape were also
included in the discussion about risk. Parents mentioned that
unlike other vaccines, HPV made them confront the impending
adulthood of their adolescents:

...this is a vaccine that comes with a recognition that
your child will someday be an adult. [Female, 44
years, White, non-Hispanic, somewhat vaccine
hesitant] (13)

There is far more negative press associated with HPV
and associating it with sexually transmitted disease.
No one wants to think of their prepubescent child that
way. It needs to be seen as a positive advancement
in pediatric medicine. [Female, 43 years, White,
non-Hispanic, not vaccine hesitant] (14)

Having a family member or close friend experience a negative
health outcome related to HPV or another vaccine-preventable
illness significantly influenced the way parents felt about the
HPV vaccine:

I did not want to vaccinate my sons for HPV (even
though it might be the best thing for public health)
until I learned of a brother of a good friend who is
gravely ill from HPV related throat cancer. [Female,
52 years, White, non-Hispanic, somewhat vaccine
hesitant] (15)

One parent had HPV-attributed oropharyngeal cancer and
became a vocal advocate for the HPV vaccine:

I know my initial rejection of the vaccination for my
oldest son was that I was not raising him to be
promiscuous, so I figured there was very little chance
of him being exposed. Once I read the incredibly high
transmission rates for the HPV virus and how easily
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it is spread, and got to experience firsthand what the
treatment was like, my oldest son was at the doctor
receiving the vaccine immediately. I personally try
to educate every parent I meet with younger children
if the conversation gets steered to that subject.
Usually all it takes is showing them my 5 inch scar
from my neck dissection and relating how my taste
buds are permanently destroyed from the radiation.
[Male, 45 years, White, non-Hispanic, not vaccine
hesitant] (16)

Overwhelmingly, parents expressed that a recommendation
from their child’s pediatrician positively influenced their
decision to give their child the HPV vaccine, particularly if they
were able to do their own HPV research before the clinic visit:

I was not sure about HPV for boys (and due to the
fact that it’s pretty new) but decided to follow
recommendations from pediatrician and also from
several articles that I read. [Female, 45 years, White,
non-Hispanic, somewhat vaccine hesitant] (17)

I just recently became aware of HPV for boys from
tv commercials and looked into it before my son was
of age to receive it. At his last annual check-up, our
pediatrician recommended the vaccine and I trusted
her judgement enough to agree. [Female, 39 years,
Black, non-Hispanic, not vaccine hesitant] (18)

There were additional factors that acted as both a barrier and
facilitator to HPV vaccination. For example, adolescents
influenced their parents’ HPV vaccination decision-making
process and were sometimes given autonomy over the decision:

My son heard a commercial about HPV and he wants
to get the vaccine. My mom recently passed away
from cancer and so he has a serious concern.
[Female, 37 years, Black, non-Hispanic, vaccine
hesitant] (19)

My second daughter chose not to receive the vaccine
after discussing with our pediatrician. She is
extremely mature and I was not going to insist she do
something she felt strongly against. [Female, 52
years, White, non-Hispanic, somewhat vaccine
hesitant] (20)

Parents expressed numerous positive beliefs and attitudes that
encouraged them to get the HPV vaccine for their adolescent
children. They told stories about how family, friends, and
personal experiences with HPV shaped how they thought about
HPV infection and outcomes. Pediatrician recommendation was
one of the strongest facilitators for influencing a parent’s
decision-making.

Suggestions for Enhancing the HPV Vaccination Clinic
Experience
Parents had ideas about enhancing communication with
pediatricians and the clinic network that would help them feel
more comfortable and informed about the HPV vaccine. Parents
wanted HPV information and their pediatrician’s HPV
vaccination recommendation for their child to be sent to them
months before their child’s appointment:

It would be much preferred if [the clinic] was able to
send information to parents 4-6 months before each
round of any vaccine is due…. facts (amazing how
little any of us in this group can site facts for the
HPV!) along with your personal pediatrician’s
recommendation for your specific child: yay, nay,
wait. Then it would be even better to have a chance
to email or talk with the physician in advance of the
appointment to ask questions. The HPV vaccine is a
particularly awkward one to ask questions about in
front of your 10 or 11 year old in the exam room.
[Female, 47 years, White, non-Hispanic, not vaccine
hesitant] (21)

Information in advance of appt would be helpful
because if I hadn’t already had experience with HPV
vaccine I would have felt put on the spot when pedi
asked if I wanted to give to him. [Female, 39 years,
Black, non-Hispanic, not vaccine hesitant] (22)

It was also suggested that starting the conversation when the
child is 9 years old would be helpful, along with the use of other
clinic visits, such as the annual influenza vaccine appointment,
to hand out informational materials. Parents wanted to be able
to have a private dialog with the pediatrician if needed:

Provide info prior to the appointment, so parents can
read and ask questions before going to the
appointment. We don’t really want to talk about risks,
consequences, etc. in front of the child. [Female, 45
years old, White, non-Hispanic, somewhat vaccine
hesitant] (23)

Begin HPV discussion with patient family at 9 year
well visit. Bring it up again at 10 year well visit. Make
it clear that questions are welcome, as well as private
dialog via phone, if that would help parent. There is
never enough time in the exam room to discuss things.
[Female, 47 years, White, non-Hispanic, not vaccine
hesitant] (24)

There was a spectrum of content and time spent by pediatricians
in discussing the HPV vaccine with parents. Some parents had
ongoing conversations with the pediatrician, whereas others
knew very little:

We were told on several visits about the seriousness
of the virus and the potential to cause cancer. [Male,
45 years, White, non-Hispanic, not vaccine hesitant]
(25)

I have very little information about the vaccine. The
doctor briefly mentioned it and said it’s a good idea
to do the series of three shots between the ages of
11-13. [Female, 40 years, White, non-Hispanic,
somewhat vaccine hesitant] (26)

Parents reported a range of information they wanted from the
pediatrician, everything from basic information to longitudinal
research studies:

...a simple brochure with basic info and a guide to
find other info would be nice to have [Female, 44
years, White, non-Hispanic, somewhat vaccine
hesitant] (27)
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I would like to see any studies that follow the patients
that were the first recipients of the vaccine; I felt like
the brochure that the pediatrician gave us to read
was too dumbed down. I want real information, not
a colorful brochure produced by the company that
will profit from selling the vaccine. [Female, 52 years,
White, non-Hispanic, somewhat vaccine hesitant]
(28)

Parents suggested that partnering with school districts, having
more information posted on the clinic network website, having
an opt-in newsletter, and using social media to disseminate
information would help them feel more informed about HPV.
Parents were receptive to a clinic-sponsored HPV app if it
included information they would want to receive from the
pediatrician. Parents suggested including statistics on how
widespread HPV is; how likely one is to be infected with it;

what the risks of being infected with HPV are, especially for
boys; the benefits of receiving the vaccine; data on side effects
and adverse reactions; how many years it has been available;
and how thoroughly tested the HPV vaccine is compared with
other vaccines.

Translating Findings Into DBCI Content and Feature
Recommendations
After the focus group themes were identified, a wider research
team, including pediatricians, behavioral scientists, statisticians,
and designers, conducted multiple brainstorming sessions to
translate the findings into DBCI content and feature
recommendations focused on supporting the clinic network
parents with their HPV vaccination decision-making processes.
A total of 11 content and feature recommendations were
suggested from qualitative themes (Table 2).

Table 2. Digital behavior change intervention (DBCI) content and feature design recommendations.

Quote numberbDescriptionRecommendation

1, 2, 3, and 4Address prominent HPV and HPV vaccine knowledge barriers (ie, child
being too young or sexually inexperienced, boys not being eligible, safety
and side effects, and effectiveness)

Address HPVa knowledge barriers

17 and 18Use pediatricians to communicate information as they are trusted and re-
spected sources for children’s health

Use trusted sources to educate and correct
misinformation

10, 11, 12, 13, and 14Frame HPV information in a way that resonates with parents (ie, preventing
cancer)

Focus on HPV messaging that resonates
with parents

3, 4, 6, 7, 8, and 9Provide reputable HPV resources to parents and guide them in using best
practices for navigating consumer health information on the internet

Guide parents on navigating reputable HPV
resources

28Interpret and describe HPV scientific research in a comprehensible format
(ie, plain language at sixth-grade level and infographics)

Describe reputable HPV research in a com-
prehensible format

5Communicate that trusted sources (ie, pediatric clinic network) are spon-
soring the product

Communicate who is sponsoring the DBCI

27 and 28Design for the spectrum of parent information needs from reviews of basic
information to reviews of scientific studies

Design for self-tailoring

19 and 20Design for engagement between family members, including adolescents
who may influence their parent’s decision-making

Design for a family audience

15 and 16Give parents the opportunity to reflect on the health experiences of others
in their personal and extended networks to increase salience and relevancy

Design for reflection

21, 22, 23, and 24Prepare parents for their child’s clinic visit by having them organize their
questions and concerns beforehand

Organize and prepare for the clinic visit

21, 22, 23, 24, 25, and 26Create infrastructure that extends the clinic visit and leverages the clinic
network so parents can better connect with others and needed information
before and after the clinic visit

Extend the clinic visit and enhance the
clinic network

aHPV: human papillomavirus.
bThe numbers refer to the numbered quotations in the paper.

Content Strategy Recommendations
The research team made six content strategy recommendations.
First, the DBCI content should address the prominent HPV
knowledge barriers expressed by the parents. These knowledge
barriers stemmed from misinformation or a lack of information
and included a child being too young or sexually inexperienced
for the HPV vaccine, boys not needing or not being eligible for
the HPV vaccine, the HPV vaccine having side effects that make
it unsafe, and the HPV vaccine not being effective. The second
content strategy recommendation was to increase the influence

of the DBCI by having the network pediatricians be the voice
that educates and communicates information, as they are highly
trusted sources for obtaining quality advice about a child’s
health. This might be accomplished through role modeling via
video recordings or a frequently asked questions section that
features photos and interviews with the pediatricians. The third
content strategy recommendation was to frame information in
a way that resonates with the parents, such as messaging, which
focuses on cancer prevention and decreasing future risk. The
fourth recommendation was to help parents navigate reputable
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HPV resources, as many parents felt it necessary to do their
own HPV research before having their child vaccinated. This
could involve educating on best practices for navigating
consumer health information on the internet. The fifth
recommendation was to help parents interact with HPV scientific
research in a comprehensible format. A comprehensible format
may involve featuring plain language interpretations and
infographics of results from scientific studies. Finally, it was
recommended to communicate who was sponsoring the app.
The parents were skeptical of big pharmaceutical companies
pushing anything related to the HPV vaccine, so making it clear
that the app comes from trusted sources (ie, pediatric clinic
network) may help improve its acceptability among parents.

Feature Design Recommendations
Five feature recommendations were made by the research team.
The first was to design the DBCI for self-tailoring to meet the
needs of individual parents. The HPV content parents wished
to access differed in topic and depth as some parents were
satisfied with the overview material, whereas others wanted to
see scientific studies. Providing a self-tailored experience may
be accomplished by presenting overview material but also
offering links to reputable articles from the National Cancer
Institute and CDC, giving parents the opportunity to explore a
topic further if desired. The second recommendation was to
include features that could engage a family audience, such as
interactive games, as children’s attitudes toward the vaccine
could influence their parents’ decision-making. The third
recommendation was to have a feature where parents could
reflect on the health experiences of others in their personal and
extended networks. This might be advantageous for helping
parents address anticipated regret and explore a more nuanced
understanding of HPV. This might be accomplished by
providing a guided prompt that parents can complete
independently or with loved ones. As parents expressed limited
time with the pediatricians during clinic visits, the fourth
recommendation was to have a feature that organizes and records
parent questions and pediatrician responses during the clinic
visit. This may help increase the volume of information that
can be discussed and reviewed. Finally, creating a DBCI that
extends the clinic visit and enhances the clinic network
infrastructure could address parents’ desire to have more
interaction and communication beyond the clinic visit. For
example, these features might include having personalized
adolescent vaccination recommendations sent before a child’s
appointment, having an opportunity to communicate about
sensitive topics without the child being present, and connecting
and learning from other parents in the clinic network.

Feasibility of Skype Synchronous Text-Based Focus
Groups
The synchronous text-based focus groups were effective in
gathering insights from parents with adolescents belonging to
a geographically diverse pediatric clinic network. Most parents

were experienced using Skype sometimes (18/22, 82%). Parents
requested a chat (text-only) format (8/17, 47%) over a call
(audiovisual) format (1/17, 6%) for their focus group (Table 1).
All parents successfully logged into their Skype accounts
approximately 48 hours before their session and answered the
welcome message as instructed. On the day of the session, all
parents participated in their specified session. A total of 21
parents logged in and were ready to start on time (responded
yes as instructed after reading the moderator’s introductory
message). One parent was 4 minutes late to their session but
was able to respond to the first topic posted in the chat. During
one of the sessions, two accidental group calls were made a few
minutes apart by a parent. However, the accidental calls did not
disconnect any parents and did not cause any disruption beyond
confusion for a few seconds. No calls were made to the
technology facilitator. Cost savings were US $260 for each
web-based session compared with the estimated costs for
in-person sessions.

Key reflections on the feasibility and logistics of the format are
highlighted in Table 3. Owing to the synchronous format, the
sessions moved very quickly, with parents responding
simultaneously at times. Preparing potential probes beforehand
that could be easily modified and copy-pasted into the Skype
chat was advantageous in keeping pace with participant
responses. The format proved equitable with parents able to
contribute to all relevant questions, and the Skype text bubbles,
which occur when someone is typing, cued the study team into
the cadence of posting questions. The format also produced
automatic transcripts, allowing for immediate data analysis. As
found in other studies, the anonymity provided by the format
supported sensitive experiences being shared candidly [29,33].
For example, a parent discussed being sexually assaulted as an
example of how rape might be a risk factor for acquiring HPV,
and another discussed his own HPV cancer treatment.
Web-based focus groups may be well-suited for discussions of
HPV because of its association with sex, STIs, and reproductive
cancers. An unexpected outcome of the web-based format was
that parents shared articles and video clips in real time. It was
beneficial for the study team to see examples of existing content
that was influential in parents’decision to vaccinate. The format
increased the utility of parents to succinctly exemplify media,
enabling more efficient understanding by the study team and
easier translation to inform intervention content
recommendations. At the conclusion of the focus groups, the
study team sent an email to all participants clarifying HPV
misinformation, answering any HPV questions they posed
during the focus groups and directing them to reputable sources.
The text-based format had several key weaknesses, including
insights from facial expression, physical gesturing and prosody
being difficult to gather and discern, and the format being labor
intensive, with multiple team members needed to help moderate
the high demands of processing simultaneous information.
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Table 3. Skype feasibility and logistics.

ReflectionsFindings and experienceCategory and description

WeaknessStrength

Format

• Insights from facial
expression, physical

• The automatic transcripts pro-
duced from the text-based for-

• Most participants had experience with
using Skype before their session.

• Participants were asked about
their previous experience us-

gesturing, andmat allowed for immediateing Skype and were given the • Participants preferred a chat-based
format over an audiovisual format. Theoption to choose between a prosody were diffi-qualitative data analysis sup-

Skype chat–based focus cult to discern andporting rapid formative re-original study plan to have half the
group and a Skype audiovisu- gather with the text-search.sessions be audiovisual and half be
al–based focus group. based format.text-only for comparative reasons was

abandoned when scheduling for the
large percentage of participants that
requested a text-based format became
prohibitive.

Attendance

• It was difficult to
verify the identities

• Participants were able to navi-
gate the Skype chat function

• All participants successfully responded
to the welcome message.

• Participants were instructed
to log into their Skype study

of participants.without issue.accounts 48 hours before • On the day of the session, all partici-
pants successfully responded to thetheir session and answer the • Attendance was high, possibly

because of familiarity with thewelcome message. welcome instructions and attended
their specified session. Most attended Skype platform and the ease of• Participants were instructed

to log-in a few minutes be- participating from a preferredon time.
location.fore their specified session

and reply to the moderator’s
welcome instructions.

Confidentiality and anonymity

• It was difficult to
verify the identities

• Sensitive experiences were
shared candidly.

• By only using the participants’ first
names, they were able to recognize

• Skype usernames (parents’
first name and ID number)

of participants.when someone was addressing themand passwords were created
but still keep their identity anonymous.for each participant and

deleted at the conclusion of
each session.

Moderator considerations and cadence

• The type-based for-
mat took more team

• All participants were able to
contribute to all relevant ques-

• At times, the session moved very
quickly, with participants answering

• A total of 4 team members
ran each session: the lead

members to moder-tions at their own speed.questions simultaneously.moderator, a tech facilitator,
ate than an in-per-and 2 submoderators. • Skype chat provided text bubbles when

a participant was typing which aided son session because
of the high demandsthe research team in establishing the
of processing incom-cadence of asking questions.
ing information• Preparing potential probes that could

be easily modified and copy-pasted spurred by simulta-
neous typing andinto the Skype chat proved advanta-
posting.geous for keeping pace with partici-

pants.
• Having participants use Skype on a

laptop or desktop with a connected
keyboard rather than on their phone
proved advantageous for more uniform
and rapid response time.

Group dynamics
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ReflectionsFindings and experienceCategory and description

WeaknessStrength

• It was important to clarify misin-
formation after the sessions as
participants shared articles that
used persuasive tactics of expert
opinion and pseudoscience to dis-
credit the HPV vaccine.

• It was beneficial
for the research
team to see exam-
ples of actual
content that influ-
enced partici-
pants’ decision
to vaccinate.

• The format in-
creased the utili-
ty of participants
to succinctly ex-
emplify media,
enabling more
efficient under-
standing by the
study team.

• Participants shared HPVa articles and
video clips that influenced their deci-
sion to vaccinate in real time.

• At the conclusion of the focus groups,
the team sent an email to all partici-
pants clarifying HPV misinformation,
answering any HPV questions they
posed during the focus groups and di-
recting them to reputable sources.

• Unexpected outcomes oc-
curred from the synchronous
web-based format.

Tech support and disruption

• Although not needed, it may have
proved difficult to help partici-
pants navigate technical chal-
lenges remotely.

• Participant famil-
iarity and experi-
ence with Skype
supported effi-
cient operations.

• No assistance was needed download-
ing or operating Skype.

• Two brief accidental calls occurred
during one session but did not cause
major disruption or require interven-
tion.

• Technology support was not actively
needed during the sessions.

• A ‘how to download and use
Skype’ guide with screen-
shots was distributed before
the sessions.

• A technology facilitator was
available during the sessions
for support.

Cost savings

• The format may bias participation
toward those with access to a
computer and internet and who
feel comfortable with web-based
communication.

• Skype is a free
platform and
provides cost
savings com-
pared with in-
person methods.

• Cost savings were estimated at US
$260 for each session, accounting for
transcription, parking reimbursements,
and clinic staff after-hours pay.

• The costs of conducting the
focus groups web-based ver-
sus in person were compared.

aHPV: human papillomavirus.

Discussion

Principal Findings
This study highlights the factors that influence HPV vaccine
decision-making among a group of mostly White, non-Hispanic,
and educated parents whose adolescents were patients at a large
urban pediatric clinic network in the United States. The findings
from these synchronous text-based focus groups align with
findings found in other HPV vaccination studies conducted with
parents [15,18,28,47,48]. Even among these highly educated
individuals, where many expressed interactions with and access
to health care professionals, there was confusion,
misinformation, and a lack of knowledge regarding HPV and
the HPV vaccine. This has been a consistent challenge since
the introduction of the first HPV vaccine in 2006 [49,50].
Similar to other studies, parents generally had favorable attitudes
toward adolescent vaccinations but differed in how they viewed
the HPV vaccine [47]. Also consistent with prior findings is the
role pediatrician recommendation serves in positively
influencing HPV vaccination parental decision-making [15,48].
Personal or familial experience with HPV had a significant

influence on HPV vaccination attitudes and beliefs, even leading
some parents to become outspoken advocates for the vaccine.
Conducting their own research on the web was an important
step in parent HPV vaccination decision-making and could lead
to missed opportunities for vaccination if the parent had not yet
researched HPV or was not prepared to discuss their outstanding
questions with the pediatrician at the clinic visit. It is not
surprising that the parents had a difficult time discerning
reputable web-based research, as antivaccination websites often
use expert opinion (using the title of Dr) and pseudoscientific
evidence (confusing correlation for causation) as persuasive
tactics [51].

These results indicate that parents want more communication
from their child’s pediatrician and have certain questions and
advice they are actively seeking. Pediatric clinic networks have
the opportunity to cultivate credible, relatable, and
understandable HPV information for distribution to parents and
patients before a clinic visit to increase HPV vaccination rates.
Content and feature recommendations from this study can
provide guidance for researchers and developers involved in
the creation of HPV-focused apps for parents. These
recommendations are largely consistent with general
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recommendations for digital health interventions and are related
primarily to mitigating concerns and misinformation, providing
authentic and persuasive messages, providing user control in
inquiries of content breadth and depth, and facilitating a move
to immediate action (vaccination appointments) [52,53]. In
addition, features and content that incorporate personalization,
reinforcement learning, social support, credibility of sources,
and focus on simple and consistent interface esthetics,
easy-to-use navigation, and multimedia messages have been
found to influence and improve user participation across health
topics [54]. The recommendations emerging from this work
provide insight but should not be regarded as definitive. Future
research and development that uses well-validated theory and
empirically-based development frameworks to design and
formatively evaluate proofs-of-concept and prototypes is
recommended [22-25]. In this regard, this study represents an
important initial needs assessment step to give voice to the
patient and parent experience and translate it into a responsive
intervention.

Recent events of the COVID-19 pandemic have seen a dramatic
movement toward web-based communication across transaction
domains, including research protocols. Focus groups are well
accepted as a needs assessment method, and now platforms such
as Zoom and WebEx are ubiquitous and offer multiple features,
including video, chat, questions and answers, and break-out
room features to facilitate them. This study presents results that
can provide useful insights when considering the efficacy of
synchronous text-based focus groups and the advantages of this
method. The preference of the participants to opt for text-based
communication was unexpected; however, it was consistent
with a desire for confidentiality, anonymity, convenience, and
avoidance of video-related bandwidth and other technical
problems. Furthermore, the text-based format provided response
equity, enabling each participant to submit responses irrespective
of their comfort in group situations. Parents participating in
these focus groups approximated the demographics of the clinic

network population as predominately White, non-Hispanic, and
privately insured. However, a limitation of the study is that the
web-based format may have excluded participation from parents
with lower socioeconomic status or those who did not feel
comfortable with web-based communication. The results may
not be generalizable to parents who are younger, have lower
educational attainment, who are publicly insured, from rural
communities, or are not White and non-Hispanic. Future
research addressing these populations is recommended.
Although seemingly amenable to information gathering, this
study was exploratory and did not determine personal
determinants that might aid recruitment into such groups or
potentially bias information gained in this type of forum. Further
concerns about this approach are the impact of lack of nonverbal
feedback from the group and the potential challenge of ensuring
accountability of participants in focusing on the discussion.
Further research in this regard is recommended. The method
did offer significant parsimony from a logistic perspective, as
the text-based approach had distinct advantages for streamlining
data processing, management, and analysis when compared
with audio or video recordings.

Conclusions
Synchronous text-based focus groups conducted via Skype are
feasible for conducting DBCI formative research on HPV
vaccination decision-making. Among this well-educated and
well-resourced parent sample, there were barriers such as
misinformation and facilitators such as pediatrician
recommendations that influenced HPV vaccination
decision-making. Parents want easy-to-understand and relevant
HPV vaccination advice from their child’s pediatrician and an
enhanced clinic visit experience, which lets them access and
connect to tailored information before and after clinic visits.
The results gathered provide guidance for content and features
that may inform a more responsive DBCI to address HPV
vaccination decision-making among parents.
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Abstract

Background: The COVID-19 pandemic has changed various spheres of health care. General practitioners (GPs) have widely
replaced face-to-face consultations with telephone or video consultations (VCs) to reduce the risk of COVID-19 transmission.
Using VCs for health service delivery is an entirely new way of practicing for many GPs. However, this transition process has
largely been conducted with no formal guidelines, which may have caused implementation barriers. This study presents a rapid
cycle coproduction approach for developing a guide to assist VC implementation in general practice.

Objective: The aim of this paper is to describe the developmental phases of the VC guide to assist general practices in
implementing VCs and summarize the evaluation made by general practice users.

Methods: The development of a guide for VC in general practice was structured as a stepped process based on the coproduction
and prototyping processes. We used an iterative framework based on rapid qualitative analyses and interdisciplinary collaborations.
Thus, the guide was developed in small, repeated cycles of development, implementation, evaluation, and adaptation, with a
continuous exchange between research and practice. The data collection process was structured in 3 main phases. First, we
conducted a literature review, recorded observations, and held informal and semistructured interviews. Second, we facilitated
coproduction with stakeholders through 4 workshops with GPs, a group interview with patient representatives, and individual
revisions by GPs. Third, nationwide testing was conducted in 5 general practice clinics and was followed by an evaluation of the
guide through interviews with GPs.

Results: A rapid cycle coproduction approach was used to explore the needs of general practice in connection with the
implementation of VC and to develop useful, relevant, and easily understandable guiding materials. Our findings suggest that a
guide for VCs should include advice and recommendations regarding the organization of VCs, the technical setup, the appropriate
target groups, patients’ use of VCs, the performance of VCs, and the arrangements for booking a VC.

Conclusions: The combination of coproduction, prototyping, small iterations, and rapid data analysis is a suitable approach
when contextually rich, hands-on guide materials are urgently needed. Moreover, this method could provide an efficient way of
developing relevant guide materials for general practice to aid the implementation of new technology beyond the pandemic
period.
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Introduction

Background
When COVID-19 was declared a pandemic by the World Health
Organization in March 2020, face-to-face consultations were
largely replaced by telephone, email, or video consultations
(VCs) in general practice in Denmark, as in many other Western
countries, to reduce the risk of COVID-19 transmission [1].
These changes were recommended by the Danish Regions and
the Danish Organization of General Practitioners [2].

Although the sudden implementation of VC was triggered by
necessity, remote communication between patients and health
care providers has been recommended as a sustainable solution
for some health service deliveries to ensure increased access to
health care [3,4]. VC has been known to save time and reduce
transportation costs for patients, to be suitable for patients unable
to visit the clinic, and to be advantageous for patients who are
uncomfortable with visiting a clinic (eg, patients with certain
mental health problems) [3,5-7]. However, VC had only been
used sparingly in general practice in Denmark before the
COVID-19 pandemic [8,9].

To enable VC in general practice, the Danish Organization of
General Practitioners developed access to VC through the
mobile app My Doctor at the beginning of the COVID-19
pandemic. The My Doctor app is a multifaceted tool for
patient–provider communication. Besides facilitating VCs, the
app includes the possibility of renewing prescriptions, keeping
track of appointments, and performing email consultations. The
app is available free of charge for all general practitioners (GPs)
and their patients in Denmark [10,11]. The mobile app provided
increased opportunity for use, and the number of VCs during
the lockdown (March 2020) rose abruptly to 23,500 per week
from approximately 0 before the lockdown. This number
decreased to approximately 6000 VCs per week after the
lockdown [12]. The uptake of VCs in general practice is
dependent on a range of factors, and context-adequate guidance
on how to implement and conduct a VC is one of many [3].
Developing guide materials may support those who plan for
continued use and those who wish to embark on using this new
consultation form beyond the COVID-19 period [12,13].

Objective
Research has demonstrated that a rapid cycle participatory
design—involving stakeholders and end users in the
development process—should be applied to ensure an efficient
and agile approach. Using a participatory design provides a

unique opportunity for developing a guide based on
stakeholders’ and end users’ knowledge and experiences
[2,13,14]. This design approach may result in a quickly
developed guide that is conducted in a realistic setup and that
takes the opportunities and constraints that already exist within
this specific context into consideration [15-17]. Moreover,
research focused on developing tools and guides in a realistic
setup adds further knowledge of methodological considerations
needed to guide the development of future health care solutions
[18].

The aim of this study is to rapidly develop a tool to assist general
practice (ie, GPs and practice staff) in implementing VCs in
daily practice. Therefore, we have developed a guide on how
to implement VC in general practice in Denmark through a
rapid cycle participatory design. In this study, we present the
development process, methodological considerations, and
evaluations made by general practice users.

Methods

Setting
Danish health care is mainly funded by public taxes, with
free-of-charge access to its services. General practice in
Denmark is privately owned by GPs and organized into small
units, either as single-handed practices (1 GP) or group practices
(2-10 GPs), and almost every clinic has staff members. General
practice is mostly financed through the public health care
reimbursement scheme, and their services are regulated by
collective agreements between the Danish Regions and the
Organization of General Practitioners in Denmark [19,20]. At
the beginning of the COVID-19 pandemic, a financial agreement
was made for general practice to enable remuneration for the
use of VCs [21]. General practice receives 165.27 DKK (US
$25,67) per VC.

Study Design
The development of the guide for general practice involved
elements from coproduction approaches [22,23] and rapid cycle
research [24]. This entails an approach in which researchers
and end users collaborate throughout the project, using an
iterative framework based on rapid qualitative analysis and
interdisciplinary collaboration with a continuous exchange
between research and practice. The study was undertaken in 3
phases comprising initial exploratory studies, coproduction, and
evaluation, as illustrated in Figure 1. At different stages of the
research process, insights from earlier phases were incorporated
[25].
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Figure 1. Overview of the framework and activities of the development of the guide. GP: general practitioner; VC: video consultation.

Analysis Team
The interdisciplinary analysis team conducting the ongoing
analysis (AS, LDC, LLL, FGK, and NPC) comprised researchers
with different backgrounds, including public health (AS and
LLL), health science (NPC), medicine (FGK), and
pharmaceutical sciences (LDC).

Phase 1: Initial Exploratory Studies
Phase 1 was conducted from July to September 2020 (Figure
2). We conducted a broad, explorative literature review,

searching both academic and gray literature [26] on existing
telemedicine guides, including telephone consultations and VCs.
A total of 17 guides were identified but included only if found
suitable for the Danish general practice setting. For instance,
guides were excluded if they were concerned with
telecommunication exclusively between health care providers,
focused on legal- or insurance-related aspects of
telecommunication or specific technical programs, were too
lengthy, or merely repeated points from other identified guides.
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Figure 2. Timeline of the development process.

To identify the need for guidance, ensure relevance and
acceptability of the guide, and reduce problems with
implementation, we collected primary data through observations
and informal and semistructured interviews with 7 full-time
GPs, 3 practice staff, and 2 patients (performed by AS and
LDC). The participants were identified from the authors’
professional networks to foster a rapid first round of
coproduction. Participants were not introduced to the research
project before participation. Furthermore, a focus group
interview was conducted with 7 data consultants, who were the
technical or administrative staff charged with the role of
providing technical and administrative support to general
practice, for example, with VC implementation. The participants
were purposefully sampled. This approach was used to select
participants with broad experience in the field of VC. On the
basis of the findings from the secondary and primary data, a
first draft of the guide was developed.

Phase 2: Coproduction With Stakeholders

Overview
The coproduction phase entailed 4 workshops with GPs and 1
group interview [27] with patient representatives. Workshops

and group interviews were undertaken to develop the content
of the draft guide developed in phase 1. The results from phase
2 were condensed into a prototype of the guide. The prototyping
of the guide content was used to identify issues with
acceptability and feasibility at an early point in development
and allow them to be addressed before testing and evaluation
[25].

Data Collection and Analysis
Phase 2 was conducted from September to November 2020
(Figure 2). The 4 workshops took place in 4 large cities in
different regions in Denmark. The locations of the workshops
in the large cities were chosen for convenience purposes but
included GPs from across the country to ensure geographical
variation. The participants were purposefully sampled based on
their level of experience with VC. The number of participants
ranged from 3 to 8 GPs in each workshop, which totaled 21
GPs (Table 1). All GPs had some or extensive experience with
VCs. Workshops were used to discuss which key elements
should be included in the guide to ease the implementation of
VCs in general practice.

Table 1. Overview of participants (codesigners; N=54).

Age interval, minimum-maximumGender (female), n (%)Number of participantsPhasesType of participant

36-7116 (50)321-3GPsa

32-663 (43)71Data consultantsb

—c5 (83)61-3Practice staff

39-581 (25)41-2Patients

—c5 (100)51National and regional stakeholdersd

aGP: general practitioner.
bTechnical or administrative staff with a supporting role to help general practice with technical issues. The data consultants are placed in different
regions in Denmark.
cNot possible.
dLeaders or employees working in regional or national health institutions, that is, prehospital emergency medical services, regional quality development
units, and general practice support units.

The workshops comprised individual and group activities
commonly used in user experience design [28], such as
reflection exercises, discussions, negotiations, and polls. All
activities included graphic facilitation with active engagement,
visualizations, or physical manifestations to provide a shared
nexus for communication. The workshops were facilitated by

AS and LDC. The aim was to not only encourage participants
to draw on their own VC experiences, creativity, and expertise
but also to reflect on their own needs in the early implementation
stage, as the end users of the guide would be inexperienced
users. The facilitators led the GPs through 4 separate processes
involving reflections on the barriers and facilitators related to
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the use of VC in general practice, discussions on how to
organize VCs in the existing general practice setting, and
discussions on when to use VC instead of face-to-face
consultation. Finally, the layout of the guide was discussed.
Sufficient information power was obtained [29].

We recruited 2 patient representatives with significant
knowledge on patient safety and patient–physician
communication through the Danish Society for Patient Safety,
and they participated in a group interview. They were asked to
focus on the VC guide from their patient perspectives, and the
themes and results of the GP workshops were presented to them.
This allowed the patient representatives to provide inputs on
how GPs and practice staff should implement VCs; for example,
advice and knowledge regarding potential pitfalls in terms of
ensuring patient safety and satisfaction with VC.

A total of 2 researchers (AS and LDC) from the analysis team
and a research assistant reviewed the video recordings from the
workshops, the participants’ notes, and the researchers’ notes
from the workshops and group interviews. Subsequently, in
collaboration, the researchers made iterations based on the open
and axial coding of the participants’ comments on the content
in the guide, and new aspects were incorporated [30,31]. Data
from one workshop were used to develop a preliminary
codebook of predefined codes concerning the elements for the
guide materials. On the basis of this codebook, each member
of the analysis team analyzed parts of the workshop data and
group interview data. Afterward, the analysis team discussed
the identified themes and positions across the initial analyses
to obtain consensus on the content of the guide, which was to
be included in the new prototype of the guide [30,31]. The
analysis team used NVivo (version 13; QSR International)
software to manage and code all the data.

We invited former workshop participants, GPs, and practice
staff from phase 1 (Table 1) to review the newly developed
prototype of the guide in the form of a webpage. The review
process was based on a rapid cycle improvement concept and
included several small circles of reviewing of both the layout
and components of the guide [32]. Participants were asked to
assess 5 features: the acceptability of the guide materials in
daily clinical practice, the relevance of the selected themes, the
length of each section (considering the relevance of the
particular theme), the accuracy of the information, and the
format (whether the materials were presented in a convenient
format with simple, clear, and easy-to-understand messages).
A total of 2 researchers (AS and LDC) from the analysis team
evaluated the statements and incorporated the adjustments that
were widely agreed upon or, in other ways, deemed generic.

Phase 3: Pilot Testing and Evaluation
Phase 3 was conducted from November 2020 to February 2021
(Figure 2). After iterations of development and refinement, the
prototype was tested by GPs and practice staff who had not
been involved in the development phases and had little or no
experience with VC. These participants were selected to
represent the end users of the guide. A total of 7 semistructured
interviews were undertaken by NPC. In total, 5 clinics from 4
different Danish regions pilot-tested the guide. The participants
were purposefully sampled and had access to the materials for

approximately 2 months. During this period, they were asked
to use the materials in daily practice and follow the proposed
steps. Subsequently, 4 GPs and 3 practice staff members from
these clinics participated in the evaluation interviews (Table 1).
The interviews were conducted via telephone, audio recorded,
and based on a semistructured interview guide that was inspired
by the theory of capability-opportunity-motivation and behavior
(COM-B) model, which proposes that people need capability
(C), opportunity (O), and motivation (M) to perform a behavior
(B) [33]. The COM-B model guided the structure of the
interview guide into questions relating to capability (how and
to what extent does the guide help GPs and practice staff obtain
the required knowledge and skills in relation to VC
implementation), opportunity (how and to what extent does the
guide help to obtain and facilitate the use of time resources,
equipment, and support properly), and motivation (how and to
what extent does the guide help motivate VC implementation
reflected through prioritization and emotional drive).
Furthermore, the COM-B model was used as a theoretical
framework for analyzing the data for the final revision of the
guide materials [33]. Meaningful units related to the components
of the COM-B model were identified and thematically coded.
The analysis was also based on the rapid analysis approach [34],
and iterative refinements were made during pilot testing [16].
Thematic coding was performed by AS, LDC, and NPC, and
emerging themes were discussed with the other authors. This
iterative process led to an agreement on the final version of the
guide, which was adjusted upon completion of the pilot testing
and evaluation phases.

Ethics
No approval from an ethical committee was needed for research
involving observations, interviews, and workshops according
to the national research guidelines in Denmark [35]. This study
was registered in the Record of Processing Activities at the
Research Unit for General Practice, Aarhus, in accordance with
the provisions of the General Data Protection Regulation [36].
All participants from the workshops, focus group interviews,
and face-to-face interviews gave written informed consent.
Participants gave oral informed consent before participating in
observations, informal interviews, or web-based interviews.
The study complies with the Helsinki Declaration [37], and data
storage and access comply with the General Data Protection
Regulation.

Results

The results from the development of the guide have been
described in the following subsections and illustrated in Figure
1.

Phase 1: Initial Exploratory Studies
We identified 17 documents containing guiding materials for
VC from Denmark (11/17, 65%), the United States (1/17, 6%),
Australia (1/17, 6%), and England (4/17, 24%). We included 3
guides [38-40] that were used as secondary sources for
developing the content for the new guide in this study. This
condensation was based on the considerations regarding
relevance, acceptability, and potential to construct a meaningful
guide. The primary data showed that GPs with minimal or no
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experience were hesitant to use VC in practice, needed
knowledge and experience with VC, experienced clinical,
organizational, and technical barriers, were confused regarding
where to begin, and requested guidance for implementing VCs.
The data consultants expressed similar needs and barriers based
on their knowledge of aiding GPs to start with VCs. In addition,
data from VC-experienced GPs and staff helped identify the
potential steps for the implementation of VCs related to
workflow, organization, communication, and division of tasks.
On the basis of these qualitative explorative studies and the
existing literature, we identified 4 fundamental needs for
guidance to successfully implement and promote VC in general
practice: technical guidance, organizational guidance,
communicative guidance, and clinical guidance. To meet these
needs, we constructed 3 components inspired by the 3
international guides identified in the literature: a gross list of
potential content themes, an initial prototype of the guide, and
a toolbox comprising communication phrases and a list of
medical conditions deemed relevant for VCs. All 3 components
were to be considered and discussed in the following workshops
(phase 2).

Phase 2: Coproduction and Prototyping
On the basis of a qualitative team coding analysis across the 4
GP workshops and the group interview with patient
representatives, 7 main themes were constructed: format of the
guide, implementation of VC, organization, communication,
competencies, technical issues, and medical conditions. These
main themes represent important aspects to consider when
developing useful, relevant, and easy guiding materials.

Format of the Guide
The layout of the guide was a highly discussed topic during the
workshops and was adjusted accordingly. GPs preferred short
and concise guides without heavy text. They preferred the guide
to not exceed 1 page. Some GPs suggested that the guide be
presented as bullet points:

It is like when you buy a device at home, then it comes
with a gigantic instruction manual that nobody reads.
And then there are the five bullets in the “How to”
instructions that everybody reads, and that is how it
should be since both opportunities are required. But
for those who are just about to start, there should be
no more than 10 bullets. [GP 11]

Some GPs mentioned that they preferred colorful guides, and
others emphasized that guides in the form of a postcard (hard
copy 1-pager) were appealing. In addition, although a few GPs
cherished the option of a hard copy edition, GPs generally
agreed that the guide should be available on the web. The GPs
had many suggestions for content, which contradicted the idea
of a short format and argued for dividing the guide into a short
and a long version. Some suggested a web-based guide with
more detailed information and materials for the implementation
of VC, whereas the hard copy should be in the form of a
checklist.

Implementation
According to GPs, a VC guide should address both the one-off
challenges expected to occur during implementation, such as

the technical aspects of setting up VCs, and the recurring
challenges related to the development of routines, workflow,
and division of labor. Moreover, GPs discussed how these
barriers could be met during implementation. Some GPs
experienced barriers related to the identification of relevant
guidance, whereas others highlighted the significance of
motivating practice staff for its use:

It is cooler when they [practice staff] take part in it,
and are dedicated and can see the point of it. [GP 8]

Organization
The organizational aspects included structuring, planning, and
coordination of activities related to VC. A substantial difference
in the organizational structure was identified between the general
practices, challenging the development of advice regarding a
general, recommended organization of VC. GPs generally
supported the idea of an introductory staff meeting before VC
implementation, where the collaboration and workflow related
to the implementation of VC could be discussed. Similarly, GPs
endorsed the idea of a scheduled evaluation meeting in clinics,
as a continuous exchange of experiences was not self-evident.
Themes for both introductory and evaluation meetings were
proposed and discussed:

I also believe it is important when implementing new
things that you follow up on it. That is always the
case, not only in video consultations, but I believe
that it’s very, very important, especially when we find
something difficult, to evaluate and solve the problems
that may otherwise make you decide not to use it. [GP
9]

Moreover, GPs raised concerns regarding the organization of
new workflows for referring patients to VCs, as the practice
staff was not confident regarding the new visitation possibilities.
Thus, an example of how the visitation could be organized was
incorporated into the guide.

Communication
The communicative theme comprised both 1-way (typically
written) and 2-way (typically oral) communication among GPs,
staff, and patients, for example, on the clinic’s website and
during consultation. Several GPs expressed that patient
communication before and during the VC was challenging and
requested guidance on this topic to ensure a safe environment
for both the patient and the GP. According to both patients and
GPs, patients also needed guidance before the consultation on,
for example, booking, technical issues, preparation, and what
to expect. In particular, the role of practice staff in
communication with patients was mentioned as an important
topic for the successful management of VCs:

When COVID-19 was at its worst, we had a lot of
them [video consultations] every day. This number
has gone down now, and I think that it is because the
receptionist doesn’t really remember it, and the
patients don’t really know that it’s an option. [GP 10]

Competencies
It became apparent that practice staff has a key role in relation
to the organizational aspects and the booking of VCs. Thus, the
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continuous education of practice staff regarding their role and
potential tasks in VC seemed advantageous. Although the GPs
generally felt capable of performing a VC, several GPs benefited
greatly from sharing experiences regarding the use of VC with
other participants during the workshop. However, a trial and
error approach was acknowledged as a common approach, and
1 GP mentioned that GPs often tried to solve the problems
themselves, although guides were available. Moreover, a general
opinion on the subject of when and for whom VC is relevant
was that the best way to learn was through practical experience:

I need to throw myself into things and get some
experience with a lot of things, where the mistakes
may happen before I even realize what it concerns.
If I do that [get knowledge about video consultation]
in advance and don’t get to use it until a month later,
then I will have forgotten what I prepared anyway.
[GP 19]

Thus, GPs generally thought that enhancing the competencies
for VC among GPs and the practice staff required more than a
guide, as their competencies were determined by the amount of
practice and time spent. However, nearly all the participating
GPs recommended each practice to designate a VC super user
among the employees in their clinic to aid colleagues in solving
the problems encountered during the implementation and use
of VCs.

Technical Issues
Most GPs expressed that they had experienced frustrating
technical challenges when using the My Doctor app, such as
problems regarding the booking of a VC, the web-based waiting
room, the interaction between the medical software systems
and the My Doctor solution, and the possibility for relatives to
participate in a VC. Some said that technical challenges often
constituted the main barrier to implementation, as most GPs
did not consider technical skills a core task and thus easily lost
their patience and turned toward familiar solutions, which would
typically be face-to-face consultations:

If a general practice experiences problems with video
consultation, they will quickly give up and never
really get started. [GP 1]

Therefore, GPs suggested that a guide for implementation should
address how to overcome the most common technical challenges
and offer step-by-step advice on how to get through the technical
challenges. Moreover, the guide should clearly state where to
seek more information or help in the case of technical
difficulties.

Medical Conditions
Medical conditions deemed relevant for VC and listed as part
of the initial version of the guide were debated in the workshops.
The relevance of VCs in general practice is dependent on a
range of factors, which was also pointed out by the GPs in this
study. Some GPs requested a list of conditions that were relevant
for visitation to VC (for inspiration), whereas others expressed
that a list of conditions suitable for VC would be too narrow
and dichotomous. The GPs were concerned about compromising
their professionalism by adhering to a list when planning for a
VC, as it would never be comprehensive enough to encompass

all potential situations. Therefore, they suggested that visitation
should always be an individual assessment. However, a
significant barrier to the initiation of VCs was the identification
of medical conditions suitable for a VC. A compromise agreed
upon by the GPs was to recommend practices to start the VC
implementation process by inviting well-known patients with
relatively simple inquiries (eg, a status consultation with a
familiar patient with well-regulated diabetes) to enable GPs to
become gradually more comfortable with the use of VC without
compromising patient safety. A GP explained it as follows:

We took the really easy patients and the really easy
diagnoses, and then slowly added more and more.
[GP 8]

Patients’ Perspectives
A total of 4 main points were extracted from the group
interviews with the 2 patient representatives. First, they argued
that the GP should not expect patients to book a VC as patients
are not able to assess whether a VC would be suitable in their
case and would, therefore, typically resort to the familiar form
of consultation. Second, adequate patient communication is
important to minimize misunderstandings and ensure patient
safety. Third, the GP should inform the patient that a physical
consultation would always be an option if necessary. Fourth,
the GP should explain in detail to the patient what will happen
during a VC. These results were incorporated into the guide.

Prototyping
On the basis of the workshops and group interviews, a prototype
was developed in an iterative process with stakeholders. The
process resulted in both linguistic and format corrections, which
were decided by the analysis team. Elements that conflicted
with daily clinical practice and technical details related to the
setup for the My Doctor app were modified. The guide included
sections on how to get started and daily activities related to VC.
These were divided into 7 main steps: determining the
organization of VCs, testing the technical setup of VCs, deciding
how to use VCs, preparing patients to use VCs, performing a
VC, learning from other GPs’experiences with VCs, and setting
up a standard way of booking a VC. An additional section
targeting the practice team was included in the guide; this
section focused on how to evaluate the suitability of a patient’s
health problems for a VC and the administration of patient
communications, appointments, and bookings. Several linguistic
edits were made to reduce technical ambiguities. Finally, the
guide was split into 2 documents: a full-length guide (webpage
and downloadable file) and a checklist (downloadable file).

Phase 3: Testing and Evaluation
Interviews with GPs and practice staff conducted upon pilot
testing showed that the clinics had used the materials differently.
Some had followed the steps thoroughly and succeeded in
performing several VCs with their patients, whereas others had
implemented selected parts and conducted a few VCs. The
following subsections will present how the GPs and staff
experienced the guide’s ability to equip them with the necessary
capability, disclose pathways to acquire the opportunity, and
thereby foster the motivation that drives the implementation
process.
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Capability—Strengthening Skills and Knowledge
After being introduced to the guide materials, both GPs and
practice staff generally agreed that the guide had improved their
knowledge regarding how to implement VC and thereby their
capability of performing a VC:

It [the guide] was like following an easy instruction
manual. Well, it was clearly written, it was divided
into nice sections, which also made it easy if you were
in doubt about something because then you could just
go to that particular section. [GP 22]

However, GPs did not always use the materials as intended. It
was common for the GPs to only read the checklist and instead
rely on the practice staff to familiarize themselves with the
combined materials (the webpage, guide, and checklist) because
of time constraints. Several GPs pointed out that, by relying
entirely on the checklist, they did not acquire the knowledge
required to avoid frustrating challenges during the
implementation process. During the interview session, some
GPs recognized that they might have acquired the necessary
knowledge base to avoid these frustrations if they had read the
materials more thoroughly before performing the VCs. In cases
where GPs found the guide materials insufficient, it appeared
that the GPs were unaware of the relationship between the
webpage, the guide, and the checklist. The limited knowledge
of the relationship between the webpage, the guide, and the
checklist could be a barrier to using the materials. In these
situations, the overlapping materials (checklist and webpage)
were experienced as redundant instead of helpful. However,
both GPs who used the materials as intended and those who did
not indicated that the guide had improved their overall capability
of implementing and performing VCs in daily practice.

Accordingly, the practice staff who had used the entire materials
expressed that the materials were sufficient and had conveyed
the appropriate amount of knowledge for implementing VC.
Furthermore, the guide was perceived to strengthen their skills
in performing a VC, encouraging them to experience technical
solutions from the patients’ point of view. A practice staff
explained the following:

And then it is a really good idea this thing about
trying it yourself so that you can see it from the
patients’ point of view. This is extremely important.
[Practice staff 1]

Although the guide helped most of the practice staff and GPs
gain knowledge regarding how to invite patients for VC, it was
still found difficult to obtain the skills in some practices, because
patients often declined to participate in a VC:

Unfortunately, there are not many patients who want
to have a VC. [Practice staff 1]

Opportunity—Facilitating Organization and Workflow
GPs and practice staff experienced that the guide could serve
as help when organizing a VC and that it served as a tool to
achieve the necessary structure in the clinic to be able to offer
VCs, which contributed to increased implementation chances.
The materials appealed to the readers at different experiential
levels. For some clinics, it was the technical setup (eg, internet

speed and equipment) that was most vital for facilitating
sufficient opportunities to implement VC, whereas others
perceived the guidance to facilitate the organizational framework
(eg, how to set up patient bookings in the booking system) as
the most important part:

Well, the technical part of making it work and testing
it was easy enough. It was first when we came to “how
do we introduce this [VC]” that it became difficult.
At that point it [the guide] turned out useful. [GP 23]

However, by nature, guides cannot facilitate the opportunity to
ease the time pressure experienced in general practice. This
challenge was addressed by many GPs, who reported a lack of
time to become familiar with VC:

The guide is easy, but [creating] the routine is
difficult. You have a busy schedule. [GP 23]

In addition, GPs were not economically compensated for the
time they used to read the guide materials, which, according to
some of the GPs, made it difficult to justify that reading the
guide materials should be prioritized over other important tasks
in daily practice. Consequently, GPs preferred starting quickly
and spending little time reading before starting:

The guide was too long, and as a doctor, you just
want to get started, right? And [you] don’t have the
time to read through the whole guide. [GP 24]

However, some clinics dealt with time constraints by letting
one of the practice staff explore the materials more thoroughly.
The practice staff member explained that she had used the guide
to improve their clinic’s home page, which increased the
opportunity for VCs by increasing their accessibility to patients:

I needed some good advice on how to present the VCs
at our homepage, and the guide was a big help. The
GP used the checklist, and I used the long guide with
the examples of phrases. [Practice staff 1]

In contrast, 1 GP mentioned that having read the guide
thoroughly could have saved her time, as she would have
avoided spending time on the consultations unfit for VC. She
elaborated the following:

It is great that somebody has spent a lot of effort
thinking about “Who is it [that is suited for video
consultation]” and “think about whom you want to
book,” right?...I am a little like “no, let’s just get
started,” and then some receptionists will deal with
it [booking], and when they, for the fourth time, have
booked a video consultation for somebody with a
shoulder injury, then it’s a little annoying because
it’s somewhat difficult to perform a physical
examination of the shoulder through video. [GP 25]

Facilitating the opportunity for VC implementation was
challenged by the fact that most GPs struggled with
organizational issues (eg, delegating the task of opening the
web-based waiting room in the My Doctor app). Although many
GPs and practice staff explained that the guide had supported
the establishment of VCs, an exact recipe for using the
web-based waiting room was not offered in the guide. Instead,
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it was put forward as an issue that the general practices should
agree upon internally.

Motivation—Increasing the Motivation
Overall, the guide materials were perceived as acceptable,
feasible, and relevant for the implementation of VC in general
practice among both GPs and practice staff. The guide was
described as useful, intuitive, and comprehensible. A common
view was that it was easy to use and adopt in daily practice,
which was described as a motivation to start:

Thank God, it [the guide] was easy. The guide made
it much easier to get started with the VCs. [GP 22]

Moreover, the guide increased the motivation to implement
VCs because of its simplicity (layout and content). In particular,
the practice staff found it motivational to use the materials on
the webpage, as it was found to be directly transferable and
applicable in daily practice. One GP mentioned that the division
of the guide into clear sections made it easily approachable.
However, another GP argued that ideally, the guide materials
should have been divided into sections that are aimed separately
at GPs and practice staff.

Although the guide materials encouraged the introduction of
team meetings in the implementation process, GPs described
how they first and foremost felt that they had the responsibility.
Some GPs felt alone during the process of implementing VCs.
Combined with time limitations within the organization, this
meant that the GPs easily lost their motivation, which made it
difficult to change their daily routines:

I wish it could be possible to share more knowledge
with colleagues about VCs—I feel alone with the
responsibility to get the VCs on track. [GP 25]

Both GPs and staff expressed that being interviewed about the
use of the guide and the checklist made them more motivated
to start using VCs and use the guide more systematically for a
good start. Taking the time to reflect on the guide materials
acted as a motivational factor for the respondents. One GP
explained that she would share her guide experiences with a
colleague after the interview:

I will bring the checklist and the guide and all sorts
of things to my colleague tomorrow so that she can
try to get started too. [GP 23]

GPs and the practice staff agreed that they would recommend
the guide materials to other colleagues, and they thought that
the guide had addressed the most important issues regarding
the implementation of VC. Thus, in addressing capability and
opportunity, the guide increased the motivation for
implementing VC.

Final Adaptions
On the basis of the feedback in phase 3, minor adjustments were
made to wording and format. The contents of the guide were
then finalized. The final 7 main themes identified were as
follows: determining the organization of VC, testing the
technical setup of VC, deciding how to use VC, preparing
patients to use VC, performing a VC, arranging bookings for
VCs, and considering other useful advice [41].

Some GPs found that the guide comprised sections irrelevant
to their specific situation, which ultimately made it too lengthy.
This experience of relevance varied between GPs and across
sections, making it difficult to shorten the guide. Therefore, we
inserted a table of contents and customized the layout with clear
headings to enable future users to easily decide upon the sections
they found pertinent.

The pilot test indicated that GPs and practice staff were capable
of adopting the VC guide to implement VC in general practice.
In addition, a short introductory video was added to the webpage
to underpin the relationship between the guide materials and
support the implementation process.

Discussion

Principal Findings
A rapid cycle coproduction approach was used to explore the
needs of general practice concerning the implementation of
VCs. This approach was taken to develop useful, relevant, and
easy guiding materials. The 3-phased framework used in this
study provides a pragmatic example of coproducing and
prototyping tools that fit into the everyday clinical workflow
and meet the needs of general practice. The use of a small cycle
iterative approach enabled us to address implementation issues
at the design stage and modify the tool to overcome common
barriers [25]. Our framework offers insight into how
collaboration and coproduction with stakeholders can be
incorporated into these different stages of intervention
development. In codesign approaches, end users are involved
throughout the development processes and work together with
the research team during all phases [17,42]. In this study, GPs,
practice staff, patients, and other stakeholders contributed to
the development by generating content specific to the guide.

During data analysis and guide refinement, a rapid assessment
procedure was used. This approach entails an in-depth
understanding of the important elements for the guide without
transcribing verbatim. This is a useful approach for creating
comprehensive information in short timelines [43]. Our approach
was similar to other rapid methods, such as using a priori
structured codebook [44], coding audio only [45], and allocating
researchers to code for specific themes [46]. Such rapid analysis
approaches have been shown to produce valid findings,
compared with traditional in-depth, line-by-line transcript
analysis [34]. Thus, when conducting research with time
constraints, this approach could be considered a supplement to
the qualitative researcher toolkit [44].

The COM-B behavioral-inspired analysis [33] gave insights
into how the guide was adapted and used in a clinical setting.
GPs and practice staff felt equipped to implement VC after
reading the guide. However, to implement VC in daily practice,
the GPs needed to spend some time organizing VC in general
practice. However, the guide motivated GPs and practice staff
to implement VC. However, this implementation will not
succeed solely by distributing the guide. Following the diffusion
of innovation theory [47] and as widely recognized in the
empirical literature, some clinicians adopt technological
innovations readily, whereas others need motivation and support
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[13]. The guide in itself may not facilitate GPs gaining
experience and confidence in VCs. Instead, GPs who are, by
nature, not early adopters would benefit from a multifaceted
intervention to aid the implementation of VC (eg, through peer
training and the possibility of debating with colleagues having
more extensive VC experience). Jensen et al [48] concluded
that GPs need different approaches to implementation support
and that the combination of support types depends on their needs
and willingness to invest resources in future interventions.
Moreover, a study from Australia [49] concluded that
establishing VC as routine practice would need to be endorsed
by patients, GPs, and founding organizations. Thus, proper
complementary supportive interventions would be required to
obtain the synergic effects of a multifaceted approach and fulfill
the potential of the guide materials.

Resistance to change is common, and concerns relating to the
introduction of alternative or supplementary methods of
consultation can be expressed as concerns regarding patient
safety. GPs and practice staff have responded to alternative
forms of consultation with a mix of enthusiasm for innovation
and resistance to change [7]. However, a guide developed with
stakeholder engagement through coproducing methods could
infuse less resistance, as peer professionals are listed as senders
of the messages. Moreover, the guide addresses difficulties and
concerns that have been empirically defined. However, the
implementation is likely to be a difficult and resource-intensive
task that would require both national and local strategic
leadership [50].

The guiding materials were developed during the COVID-19
pandemic. These contextual factors may have influenced the
development process, as many factors changed rapidly during
the process [17]. This could affect the topicality of the guide
during the postpandemic period. However, by having paid
attention to the common usability of the guide across time (eg,
by informing stakeholders to consider the VC guide from a
general and decontextualized perspective), we consider the
guide to be relevant beyond the COVID-19 context.
Nonetheless, the guide is both applicable and particularly
relevant in a COVID-19 context, as VCs may reduce the risk
of COVID-19 contagion because of the reduced physical contact.

The use of VC during the COVID-19 pandemic may yield useful
knowledge regarding which patients and diseases would be
relevant for VC and whether the use of VCs may be extended
to a wide variety of patients and clinical situations. Moreover,
there is a long-term perspective on the use of VC and thus a
strong need for a guide on its implementation. The population
of older adults is increasing, and the aging population has an
increasing number of health problems. This may further increase
the pressure on primary health care, which is often the first point
of contact. In Denmark and similar countries, access to GPs is
a rising concern, especially as their unavailability may push
some people to seek help elsewhere or not at all [51,52]. If
quicker and easier access to care means that more people in
need of care would contact general practice, VC could be
adopted as a patient entitlement under universal health coverage
[53]. However, offering VCs may also increase the workload
in general practice unless the video-based encounter is of shorter
duration than (or of similar length to) an ordinary face-to-face

consultation and requires no subsequent consultation [53]. The
provision of VC is likely to depend on the remuneration for this
type of service, and the remuneration of GPs for services
provided is regulated by collective agreements between the
Danish Regions and the Danish Organization of General
Practitioners in Denmark [19].

Strengths and Limitations
A strength of this study is that all steps in the development
process were described in detail. Using a coproduction approach
with the triangulation of multiple data sources was an additional
strength. Coproduction is known to improve the adaptation of
the guide to a given context [25]. Using a coproduction approach
allowed us to involve few but specifically selected participants
for each phase. Concurrently, the rapid cycle approach ensured
an agile process with adequate and suitable inputs.

Analysis of the qualitative data with a team of coders proved
highly successful in terms of reaching as many different
perspectives on the available data as possible. The inclusion of
additional coders and their interpretations served to enhance
the credibility of the framework that emerged.

In 2 out of 4 workshops, it was only possible to recruit 3
participating GPs in each workshop compared with the 8 and
7 participating GPs in the 2 other workshops. Furthermore,
although the 2 workshops contained only 3 GPs, we assessed
that they contributed with just as many diverse perspectives and
nuances regarding the content of the guide as those provided in
the workshops with more participants. To some degree,
homogeneity is recommended for participatory design [14]. The
heterogeneity in our workshops showed that GPs had different
needs and preferences. Generally, the coproduction processes
contributed to identifying many perspectives on and experiences
with VC to improve the guide’s content.

General practice in Denmark is organized into different types
of clinics. VC will be implemented and used differently in the
clinics, and it can be difficult to adapt VC to all the clinics.
However, in all phases of this study, the recruited GPs were
initially selected to represent a variety of GPs with and without
experience with VC [17]. All GPs and other stakeholders were
purposely sampled across the nation. Another strength of the
developed materials is that the implementation guide and the
website are freely available in a format that is directly applicable
to general practice.

A limitation was that we included only 2 patients in the analysis.
Consequently, we must conclude that the patient perspective is
only sparsely presented in the guide. However, the included
patients were formally appointed patient representatives who
were experienced in speaking on behalf of a broad patient
population. Moreover, the documentation was challenged in
the rapid analysis, which limited the controllability of the
analysis, as the usual coding process was reduced to an oral
discussion [54]. We addressed this by recording and revisiting
the group discussion to enable tracking of the iterative analysis.
The rapidity of our analysis implied that we did not progress
into higher levels of abstraction and interpretation but rather
focused on the potential improvements to the guide.
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Conclusions
Coproduction, involving prototyping, small iterations, and rapid
data analysis, is a suitable approach when contextually rich,
hands-on guide materials are urgently needed. The new guide
for VCs was developed through rapid cycles, team-based work,

and acknowledged research methodology. It comprised the
following themes: organizing a VC in general practice, testing
the technical setup of VC, deciding how to use VC, preparing
patients to use VCs, performing a VC, arranging bookings for
a VC, and proposing useful advice.
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Abstract

Background: The ability to regulate anger is often impaired in forensic psychiatric patients, frequently resulting in aggressive
behavior. Although some treatment programs are partially successful in enhancing aggression regulation and reducing recidivism
among specific subgroups, generalizable conclusions on the effectiveness of these interventions cannot be drawn to date. In
forensic outpatient care, low treatment adherence and a predominant focus on cognitive control in most treatment programs may
entail some of the factors impeding treatment. Technology-based interventions may address some of these treatment challenges.

Objective: The aim of this study is to explore whether a new technology-based biocueing intervention, the Sense-IT app, can
be a valuable addition to aggression regulation treatment programs in forensic outpatient care. The Sense-IT app, which provides
the user with real-time physiological feedback and behavioral support, is developed to strengthen emotional awareness and
facilitate real-life practice. In this study, we aim to develop and evaluate an updated version of the Sense-IT app that is suitable
for forensic outpatients with aggressive behavior.

Methods: First, we conducted a design study to assess the attitudes of forensic professionals and patients toward biocueing and
to collect requirements for a biocueing app for this specific population. On the basis of this information, we developed an updated
version of the Sense-IT app. In an evaluation study, 10 forensic outpatients used the app for 2 weeks. The app’s acceptability,
usability, and clinical outcomes (aggression, anger, and recognition of bodily signals related to anger) were measured before and
after the intervention using both quantitative and qualitative measures.

Results: The design study revealed a cautiously positive attitude toward the use of biocueing as an addition to aggression
regulation therapy. The evaluation study among forensic outpatients demonstrated moderate acceptability and adequate usability
for the new version of the Sense-IT app. Exploratory analysis revealed a significant decrease in trait aggression postintervention;
no significant changes were found in other anger-related clinical outcomes. To further increase acceptability and usability, a
stable functioning app with self-adjustable settings, the use of smartwatches with a longer battery life, and the use of the patient’s
own smartphone devices were recommended.

Conclusions: This study, which is one of the first attempts to enroll and evaluate the real-life use of a biocueing intervention
among forensic outpatients, emphasized the importance of involving both patients and therapists throughout the development
and implementation process. In the future, experimental studies, including single-case experimental designs using ecological
momentary assessment, should be performed to evaluate the effectiveness of the Sense-IT intervention on clinical outcomes. An
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open attitude toward new technology, allowing exploration of the potential benefits of the Sense-IT app case-by-case, and training
of therapists in using the app are expected to facilitate its integration in therapy.

(JMIR Form Res 2021;5(11):e29267)   doi:10.2196/29267

KEYWORDS

biocueing; biosensing; biofeedback; aggression; forensic psychiatry; wearable technology; mobile apps; usability; evaluation;
mHealth

Introduction

Background
Aggression and violent behavior are associated with substantial
problems, especially for the victims and the offenders. While
victims of violence are at a high risk of developing
psychological and behavioral problems such as depression,
anxiety, posttraumatic stress, and alcohol abuse [1,2], offenders
show increased rates of developing psychiatric disorders, such
as psychotic, mood, and substance use disorders [3,4]. In
addition, the offenders’ imprisonment often leads to more
unfavorable situations for them after release, such as job loss,
housing problems, and a lack of social support. Consequently,
aggressive behavior is a high burden for professionals working
in the mental health care and the judicial system, resulting in
inflated costs for both health care and the society in general
[5,6]. The impact of aggressive behavior on both individual
lives and society in general highlights the importance of early
and effective treatment for forensic psychiatric patients with
problematic aggressive behavior. Given the current trend of
preferring outpatient interventions over residential treatment,
the importance of real-life, out-of-session practice of behavioral
alternatives [7], and the developments in the use of digital
technology in psychological treatment [8], technology-based
interventions are of interest to improve and support aggression
regulation among forensic (outpatient) populations.

Over the years, several therapeutic interventions have been
developed to reduce aggressive behavior and criminal recidivism
among forensic in- and outpatients. Most offender treatment
programs are based on the principles of aggression replacement
training (ART) [9], in which behavioral, affective, and cognitive
components are combined to improve anger and aggression
regulation. In forensic psychiatry, these cognitive behavioral
therapy (CBT) programs are broadly considered as promising
rehabilitative treatments for antisocial behavior [10,11].
However, mixed findings have been reported regarding the
effectiveness of these treatment programs. A meta-analysis of
14 CBT-informed anger management studies revealed an overall
28% risk reduction in violent recidivism after treatment, with
a 56% reduction among those who completed the treatment. In
half of the studies, significant differences in violent reoffence
were reported, when compared with control conditions [12]. In
a systematic review, including 16 ART studies, researchers
stated that generalizable conclusions could not be drawn owing
to, among other factors, differences in the severity of
psychopathology, low methodological quality, and limited
follow-up information [13].

The limited effectiveness of current treatment programs is also
related to challenges specific to forensic populations. First,

because of severe psychopathology, a lack of problem
awareness, and motivational difficulties, treatment engagement
and adherence are often low. Among forensic populations, the
rates of pretreatment drop out and treatment attrition are high.
A large meta-analysis revealed an overall treatment attrition
rate of 27.1% across all offender programs, with a rate of 37.8%
for domestic violence offenders [14]. Research results indicate
that noncompletion of treatment is associated with lower
reductions in general and violent recidivism [12]. Furthermore,
homework and registration assignments—an important part of
all CBT programs—are often not completed in forensic
outpatient populations. This negatively affects the transfer of
psychological interventions from the therapist room to daily
practice [15]. Second, the focus on cognitive control over
emotional processes—a core element of most current treatment
programs—may not fit the capacities of the patients. Forensic
psychiatric patients often lack insight into their emotions [16]
and have difficulty in observing and interpreting physiological
signs of increased inner tension, such as accelerating heartbeat,
sweating, or trembling. This limited capability to timely detect
(particularly slowly) rising arousal levels increases the chance
of suddenly occurring aggressive outbursts. Furthermore,
cognitive control processes can be overruled by impulsive
aggressive behavior in the case of high physiological arousal
[17]. Therefore, in line with previous literature [18], therapy
should focus more on strengthening awareness of bodily
sensations associated with anger, before moving to the
enhancement of cognitive control and deliberate responses in
anger-provoking situations.

New technological applications may help address some of these
treatment challenges. Technology-based interventions, such as
mobile biofeedback apps [19], serious gaming [20], and virtual
reality therapy [21] have the potential to increase adherence to
treatment by engaging patients and by increasing maintenance
during out-of-session activities [22]. Considering their lack of
emotional awareness, interventions that provide the patients
with information about their physiological state in real-life
situations may help signal heightened arousal in response to
emotional events and support adequate self-regulation [23,24].
In this study, we aim to explore the potential of a new biocueing
intervention, which signals at risk levels of arousal in everyday
life, as an addition to current aggression regulation therapy.

Biocueing can be seen as a specific, personalized type of
biofeedback [25]. In the process of biofeedback, instruments
monitor physiological parameters (eg, heart rate, skin
conductance, and respiration), transform these measurements
into auditory or visual signals, and present these signals to the
user directly [26]. During a traditional, nonwearable biofeedback
paradigm consisting of multiple on-site sessions, patients are
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trained to regulate their physiological reactions by consciously
alternating their responses to the given feedback. Rapid
developments in noninvasive, wearable technology (eg, breast
bands, wrist sensors, smart fibers, and interactive textiles) have
opened opportunities for biocueing, which combines real-time
measurement in everyday life and just-in-time behavioral
support [27-29].

Traditional biofeedback has proven effective for patients with
different psychopathology; however, most studies have been
conducted among patients with internalizing problems [24].
Biocueing is relatively new but might be particularly useful for
patients who lack insight into the physiological signals that
precede dysregulated behavior in everyday life, such as
binge-eating episodes [30] or self-injurious behavior [31].
Focusing on aggression, several pilot studies have provided the
first evidence that physiological information can be used as a
predictor of aggressive behavior, for example, among youth
with autism spectrum disorder [32], patients with intellectual
disabilities [33], and forensic patients [34]. Therefore, biocueing
might be a helpful tool to increase awareness of high-risk
situations and to support patients in practicing behavioral skills
that prevent their escalation into aggressive incidents [35].
However, there is a gap between these study results and the
actual deployment of mobile health (mHealth) interventions,
such as a biocueing app for wearables, in forensic clinical
practice. To bridge this gap, consideration of the needs of the
intended users, as well as usability evaluation in the user’s
natural environment, is required [36]. The involvement of end

users throughout the design process, the core principle of
user-centered design, is therefore highly recommended for the
development of useful and effective mHealth interventions [37].

Study Aims
Given the potential of biocueing in dealing with the challenges
in forensic (outpatient) treatment programs and using the
principles of user-centered design, we first explored the attitudes
of forensic professionals and patients toward this new
intervention as an addition to aggression regulation therapy. In
addition, we collected requirements to develop an updated
version of the Sense-IT biocueing app [38] for use in a forensic
outpatient population. Finally, we investigated the acceptability
and usability of the revised Sense-IT app and explored changes
related to aggression, anger, and interoceptive awareness in a
2-week evaluation study among 10 forensic outpatients with
aggressive behavior.

Methods

Overview
First, we conducted a design study to explore the attitudes
toward and specific requirements for a biocueing intervention
in a forensic sample. With this information, an updated version
of the Sense-IT app was developed. Then, we studied the app’s
acceptability and usability and its preliminary effects on clinical
outcomes in a 2-week evaluation study. The structure of the
study has been shown in Figure 1.

Figure 1. Study design: phases, participants, and concepts.

Design Study
From October 2016 to March 2017, 6 forensic therapists, 40
forensic professionals (ie, therapists, psychiatric nurses, social
workers, and probation officers), and 2 forensic outpatients
participated in our study. We informed all the participants of
the study’s content and the voluntary basis for participation.
We recruited the forensic therapists by email and the forensic
professionals through in-person engagement at a forensic
congress. The forensic outpatients were approached after

consultation with their therapists, and their signed informed
consent was obtained. The forensic therapists and outpatients
tested a precursor version of the Sense-IT app for 3 to 7 days,
respectively, using a research-owned smartphone and
smartwatch. The Sense-IT system provides a visual display of
physiological arousal by measuring heart rate, notifies the user
of level changes, and delivers a default message when the user’s
physiological arousal is significantly elevated (SD >2) than
their personal baseline. In this design study, the baseline
measurement consisted of 300 reliable heart rate measures, with
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20 seconds between each measurement. During the baseline
measurement, participants could behave normally, without any
restrictions. The forensic professionals responded to a short
paper-and-pencil survey to increase their knowledge regarding
their attitude toward biocueing. None of the participants received
any financial compensation for this study.

Given the outcomes of this study, the forensic professionals’
attitudes toward biocueing could be considered open and
cautiously positive. The participants mentioned awareness of
bodily signals accompanying anger (9/40, 22%) and insight into
increasing arousal levels, especially in high-risk situations
(15/40, 37%), as the most valuable additions to aggression
regulation therapy. Furthermore, biocueing was seen as a
promising way to open therapeutic conversations about
aggressive behavior. According to most forensic therapists (4/6,
67%), the usability of this precursor version of the Sense-IT
app was insufficient. The limited battery life of the watch, the
sudden watch face changes, the synchronization problems, the
questionable reliability of heart rate measurements, the feedback
method (too soft and too slow), and the mandatory use of a
research phone were listed as items for improvement. Therapists
were most satisfied with the visualization of arousal on the
smartwatch and the warning function for heightened arousal.
Of the 2 forensic outpatients, only one used the app for the entire
week. This participant recommended audio-recording because
he had difficulty typing notes. He reported an increased
awareness of arousal, increased control over his aggressive
behavior by the initiation of self-calming strategies, and
distraction from inner tension by using the Sense-IT system.
The other participant quit the study early because of
technological shortcomings in this version of Sense-IT. This
participant was frustrated with the app interrupting measurement
when the watch face was accidently touched. Given the
insufficient usability scores and the increased irritability reported
by one of the patients, we initiated a development cycle to
resolve these technological shortcomings before further rolling
out the app among forensic outpatients.

Development Cycle
Technological stabilization was the most important aim of this
development cycle. The recommended improvements were
implemented and intermediately tested by the researchers and
app developers in 5 iteration rounds between 2017 and 2018.
The activation of the Sense-IT app on the smartphone and
smartwatch was synchronized and automated to prevent
synchronization problems. Furthermore, the connection between
the smartwatch and smartphone was made visible on the main
screen. A clear on-off slider was incorporated into the main
screen. Continuous visualization of the data on the watch face
was optimized. Finally, the user was allowed to define during
which activity profiles (eg, driving, cycling, and running) the
operation of the Sense-IT should be paused. A description of
the revised Sense-IT app has been provided in the next section.

Evaluation Study

Participants
We recruited forensic outpatients receiving aggression regulation
therapy at Inforsa for participation from November 2018 to July
2019. Inforsa is a forensic mental health care facility that
specializes in the treatment of patients with disruptive and
criminal behavior. A research associate screened the potential
participants for eligibility, in consultation with the patient’s
therapist. The eligibility criteria included (1) a proven lack of
anger management skills, indicated by either a recently
committed violent crime and/or a high risk of committing one,
(2) assignment to individual outpatient aggression regulation
treatment after multidisciplinary consultation, (3) basic
understanding of mobile apps, and (4) aged ≥16 years. The
exclusion criteria included (1) acute manic or psychotic
symptoms, (2) current high risk of suicide, (3) severe addiction
problems or other severe conditions requiring immediate
intervention or hospitalization, and (4) insufficient understanding
of the Dutch language. The first 3 exclusion criteria were
assessed using cut-off scores on the corresponding items in the
Health of the Nation Outcome Scales [39]. A total of 10 forensic
outpatients were enrolled in the study. An outline of the
recruitment and participation flow is displayed in Figure 2.
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Figure 2. Flow chart of recruitment and participation in the evaluation study.

Procedure
This study was approved by the Medical Ethical Committee of
Amsterdam University Medical Centre, the Netherlands
(NL63911.029.17). This study was also registered in the
Netherlands Trial Register (NL8206). If a patient was eligible
and interested in the research project, study participation was
offered during a face-to-face appointment with the therapist and
the patient. The research associate provided the patient with a
brief oral description and full written information on the study.
The voluntary nature and the absence of any negative
consequences for the patient’s refusal to participate were
emphasized. If the patient was interested, the next appointment
was planned after at least 7 days, providing enough time for
consideration. In this appointment, we obtained the informed
consent of the participants, and they filled out self-reported
questionnaires. The baseline measurement (T0) lasted
approximately 45 minutes. After completion of the assessment,
participants were provided with a smartwatch and a mobile
phone with the Sense-IT app. The participants were shown how
to use the devices and were given tips on charging and using
the system safely. They also received a user manual. The
participants used the devices independently during the following
2 weeks. They were encouraged to call the research associates
if any problems occurred. After the 2-week intervention period,
another 45-minute assessment (T1) was planned. We used the
same measurements as at T0, supplemented with qualitative
interviews and quantitative usability measures.

Materials

Demographics

We collected demographic and clinical information at T0 using
a 23-item self-developed questionnaire. The variables assessed
included gender, ethnicity, judicial history, care history,
education, family background, and social situation.

Mobile Phones and Smartwatches

The participants received both a smartwatch and a mobile phone.
In this evaluation study, we used the Ticwatch E (Mobvoi, Ltd),
a new smartwatch that had good reviews on reliability and
cost-effectiveness and had a longer battery life than the
smartwatches we used in the design study (Moto 360 2nd Gen;
Lenovo Group, Ltd). The smartwatches were equipped with a
photoplethysmography (PPG) sensor, by which the blood
volume pulse can be measured and the heart rate can be derived.
Connection with the mobile phone, the Moto C Plus (with
Android 8.0 operating system; Google, LLC), was established
via Bluetooth. We provided the participants with research-owned
mobile phones to maintain control over the app settings and to
account for secure data extraction.

Sense-IT App

The newly developed version of the Sense-IT app, version 2.13,
was preinstalled on all smartwatches and mobile phones before
distribution. The Sense-IT app was originally developed by
researchers at the University of Twente in co-operation with
Scelta, an expert center for psychiatric patients with personality
disorders [38,40]. The Sense-IT system reads the physiological
data measured by the photoplethysmography (PPG) sensor and
stores the data in a local database on the smartphone itself. The
built-in algorithm compares the current heart rate of a user with
their mean heart rate at baseline and calculates a level between
−3 and 5 using the SD of the baseline measurement. In this
study, the determination of the user’s baseline was started at
the end of the T0 measurement and lasted until the PPG sensor
received 200 reliable heart rate measures, with 20 seconds
between each measurement. During baseline measurement,
participants could behave as they normally would, except for
any intense physical activity. After this measurement, the level
of their current heart rate was visually displayed on the
smartwatch and was changed when the heart rate decreased or

JMIR Form Res 2021 | vol. 5 | iss. 11 |e29267 | p.513https://formative.jmir.org/2021/11/e29267
(page number not for citation purposes)

ter Harmsel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


increased by ≥1 SD. For this study, notifying vibrations were
sent to the users at every change in their physiological level.
The Sense-IT app detects (physical) activity categories using
the accelerometer and Google activity recognition algorithms,
allowing the user to receive notifications for certain activity
profiles (eg, sitting still and driving a car) only. From the user
interface on the smartphone, users can turn the app on and off,
opening a timeline of all the measurement events and level
changes detected by the system. Users can add notifications to
events in the timeline and report their subjective level of arousal,

which might be particularly useful when the user is notified of
level changes. Users can also define a personalized message
that is displayed when their physiological arousal exceeds a
predefined level. In this study, we used a default message (ie,
“your heart rate is higher than average”), which was only
displayed at levels 3, 4, and 5 (SD>2) above baseline. The app’s
user interface also presents information about the connection
and synchronization status, as well as a settings page protected
by a password to prevent unwarranted changes. Screenshots of
the Sense-IT app are displayed in Figure 3.

Figure 3. Screenshots of the Sense-IT app (version 2.13): main screen with measurements, settings screen, and the watch face.

Acceptability

In a semistructured qualitative interview developed by the study
team, the participants’ attitude toward technological
interventions and their perceived proficiency in using new
technology were assessed using a 5- and 10-point Likert scale,
respectively. Closed-ended and open-ended questions assessed
whether the participants would use the Sense-IT app in the
future and whether they expected others to do so. The total
number of heart rate measurements, measured every 20 seconds
by the PPG sensor of the smartwatch, was used as an indicator
of the actual use of the Sense-IT system. The damage, loss, and
theft of the devices were recorded.

Usability

We administered the System Usability Scale (SUS), a short,
commonly used questionnaire for quick and reliable assessment
of product usability [41], at T1. The SUS consists of 10
statements that can be scored on a 5-point Likert scale, ranging
from 1 (totally disagree) to 5 (totally agree). The SUS yields
an overall score between 0 and 100, with higher scores
indicating better usability. In the original study, 68 was used as
a cut-off score. According to more recent research [42], a
product is acceptable with scores above 70; better products
score in the high 70s to upper 80s and superior products score
above 90. Products with scores lower than 70 should be
considered as candidates for improvement.

Furthermore, we evaluated usability qualitatively by using
semistructured interviews. The interview included Likert scale
questions about the attractiveness of the devices, the ease-of-use
of the app, the clarity of watch faces, and the evaluation of
feedback notifications. Open questions assessed the advantages
and disadvantages of Sense-IT and any recommendations for
its further improvement.

Aggression

We assessed for aggressive behavior using the Dutch version
[43] of the Aggression Questionnaire-Short Form (AQ-SF) [44].
The AQ-SF is a self-report questionnaire, in which participants
respond to 12 statements regarding aggression on a 5-point
Likert scale, ranging from 1 (strongly disagree) to 5 (strongly
agree). The AQ-SF distinguishes 4 subscales: physical
aggression, verbal aggression, anger, and hostility. The internal
consistency coefficients for the total score of the Dutch AQ-SF
ranged between 0.72 and 0.88 in a forensic population.
Significant test-retest correlations after 4 weeks were found for
the AQ-SF total and subscale scores, except for the physical
aggression subscale. The AQ-SF was administered at T0 and
T1.

Anger

We assessed anger and its subcomponents using the Dutch
version [45] of the State-Trait Anger Expression Inventory-2
(STAXI-2) [46]. The STAXI-2 is a 57-item self-report
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questionnaire, in which items are coded on a 4-point Likert
scale ranging from 1 (almost never) to 4 (almost always). The
questionnaire consists of 3 main scales: state anger, trait anger,
and anger expression and anger control. The internal
consistency, assessed in an inmate sample, was considered good,
with Cronbach α ranging from .79 to .88. For the original
version of the STAXI, the test-retest coefficients were
acceptable, except for the State Anger scale. We administered
the full STAXI-2 at T0; at T1, we administered only the state
and trait anger scales because of time constraints.

Bodily Sensations Related to Anger

We measured bodily sensations related to anger in interpersonal
situations using the Dutch version of a recently developed
self-reported questionnaire called the Anger Bodily Sensations
Questionnaire (ABSQ) [47]. In this 18-item self-report
questionnaire, participants can rate their experience of
physiological responses during anger-provoking interpersonal
situations on a Likert scale, ranging from 1 (not at all) to 5 (very
much). The internal consistency (Cronbach α) for the total score
was .93 in an offender population for this study. The total score
had good 1-week test-retest reliability within the offender
sample. The ABSQ was administered at T0 and T1.

Data Analysis
We analyzed the quantitative data using SPSS (version 25, IBM
Corp). Although this evaluation study was not intended for

inferential statistics, we exploratively compared the pre-post
scores, after checking the normality assumptions, with the
nonparametric equivalent of the paired t test, the Wilcoxon
Matched Pairs test. We analyzed the qualitative data using
Microsoft Word and Excel. Textual responses were first
inspected for theme analysis, then coded into categories and
described as relative results. Categorical responses were
described as relative results.

Results

Demographics
Of the 10 forensic outpatients participating in this study, the
majority (9/10, 90%) were male, in line with the usual
male-female distribution in forensic populations. Although all
participants were born in the Netherlands, out of 10 participants,
6 (60%) had parents originating from another country.
Furthermore, 60% (6/10) reported problems such as domestic
violence, substance abuse, or psychological problems in the
families they grew up in. Most of the participants were referred
to Inforsa for mandatory treatment as part of a conditional
sentence and had been convicted multiple times in the past. The
descriptive characteristics of the participants have been
summarized in Table 1.

Table 1. Summary of demographic characteristics of the participantsa (N=10).

ValuesDemographic characteristics

34.90 (13.29)Age (years), mean (SD)

Gender, n (%)

9 (90)Male

1 (10)Female

Educational background, n (%)

2 (20)Primary school

2 (20)Secondary school

6 (60)Secondary vocational education

Living conditions, n (%)

4 (40)Private home

4 (40)Assisted living facility

2 (20)Social care

Index offense, n (%)

5 (50)Violent crime

1 (10)Gun crime

4 (10)No index offense

8 (80)Multiple convictions, n (%)

6 (60)Mandatory treatment, n (%)

5 (50)Previous ARTb treatment, n (%)

aNumber of participants measured at T0.
bART: aggression replacement training.
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Acceptability
The participants were provided with the Sense-IT system for 2
weeks. All participants returned these research-owned
smartwatches and mobile phones. Although we noticed some
superficial user damage and had to buy new charging cables,
none of the devices had to be replaced because of damage, loss,
or theft. Half of the participants (5/10, 50%) fully agreed with
the statement that they liked to use technology or technological
gadgets, a substantial number (4/10, 40%) claimed a neutral
position and 1 participant (1/10, 10%) disagreed with the
statement. On a 10-point Likert scale, the participants rated
themselves as proficient in using new technologies (mean 7.1,
SD 2.5 participants). At T1, it appeared that one participant had
not used the Sense-IT app at all; the T1-responses of this
participant were therefore excluded from further analysis.
Among the other participants, the total amount of heart rate
measurements (in hours) was used to indicate actual app use.
As some participants showed very large numbers of
measurements per day, we corrected the data for very low heart
rates (<50 beats per minute) and measurements during nighttime
(from midnight until 6 AM). The corrected actual app usage
strongly differed between participants (mean 62.19, SD 38.63
hours; range 3.49-127.02 hours). Higher heart rate measurements
were found among older participants, r8=.768, P=.016. No
significant correlations were found among the attitude toward
new technology, the perceived proficiency, and the indicator of
actual app use. Furthermore, out of 9 participants at T1, 6 (67%)
reported that they would like to use the Sense-IT app in the
future. All the participants expected others to use the app in the
future.

Usability
Participants who said they would not use the Sense-IT app in
the future reported that the app had no added value for them
because, for example, they did not regard themselves as
aggressive or they already claimed to know their personal
precursors for aggressive behavior. One participant therefore
recommended the addition of the Sense-IT app in the early
phases of treatment. The participants who would use the app in
the future listed several conditions that could be considered as
recommendations to further improve the Sense-IT app. The

average score on the SUS for the group was above the cut-off
value (mean 73.1, SD 16.2). Significantly higher system
usability scores were reported by participants with a more
positive attitude toward new technology, r9=0.857, P=.002; no
significant correlations were found between the usability scores
and perceived proficiency in using new technology. Most
participants (8/9, 89%) did not report difficulty using the
Sense-IT app on the smartphone. The watch faces on the
smartwatch were reported to be clearly visible by the
participants. The design of the Sense-IT app on the smartphone
was considered neutral by half of the participants and (quite to
very) attractive by the other half; some participants reported
that they would like a more colorful design. Considering the
messages shown when the physiological values exceeded a
predefined level, out of 9 participants, 6 (67%) said they would
like to use a default text message; the other participants (3/9,
33%) preferred a personalized message. The number of notifying
vibrations (delivered at every level change) was considered too
large by 56% (5/9) of the participants and was therefore most
often mentioned as a point of improvement. Furthermore,
improved accuracy, longer smartwatch battery life, and the
possibility of using the Sense-IT app on their own smartphones
were recommended.

Clinical Outcomes
We performed an exploratory analysis on the clinical outcome
measures. Given the small sample size, the Shapiro-Wilk test
was used to evaluate for normality of the data. As expected, the
normality assumption was not met for several subscales of the
measures used. Therefore, the Wilcoxon Matched Pairs test was
used. No significant changes were found on the AQ-SF and
ABSQ. Between baseline (median 2.35) and postmeasurement
(median 1.90), trait anger measured with the STAXI-2 decreased
significantly (Z=−2388; P=.017). Explorative visual analysis
of the data showed that the scores of most of the participants
(7/9, 78%) decreased. None of the participants showed elevated
scores at postmeasurement compared with baseline. No
significant correlations were found between this trait anger
decrease and other variables such as attitude toward new
technology, perceived proficiency in using new technology,
and usability of the Sense-IT app. All clinical outcomes are
shown in Table 2.
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Table 2. Summary of the clinical outcomes.

Time pointsClinical outcome scores

T1 (n=9), mean (SD)T0 (n=10), mean (SD)

2.41 (0.85)2.36 (0.78)Aggression (AQ-SFa)

2.23 (1.32)2.23 (1.21)Physical aggression

2.63 (0.78)2.23 (0.96)Verbal aggression

2.73 (1.31)2.87 (1.00)Anger

2.03 (1.08)2.10 (1.03)Hostility

—c1.91 (0.35)Anger (STAXI-2b)

1.02 (0.05)1.05 (0.13)State anger

1.98 (0.72)2.21 (0.65)Trait anger

—2.22 (0.48)Anger expression and control

2.49 (0.95)2.34 (0.93)Bodily sensations related to anger (ABSQd)

aAQ-SF: Aggression Questionnaire-Short Form.
bSTAXI-2: State-Trait Anger Expression Inventory-2.
cMissing data.
dABSQ: Anger Bodily Sensations Questionnaire.

Discussion

Principal Findings
To our knowledge, this study is one of the first attempts to enroll
and evaluate a smartwatch-based biocueing intervention in a
forensic outpatient population with aggression regulation
difficulties [25]. Our study revealed a cautiously positive attitude
toward the use of biocueing as an addition to regular therapy.
Requirements for improvement were processed in a development
cycle, resulting in an updated version of the Sense-IT app. The
results of our 2-week evaluation study showed adequate usability
scores, although the actual use of the app and its expected future
use did not entirely match these outcomes. Furthermore, a
significant decrease in trait anger was observed postintervention.
Valuable recommendations were obtained for further
improvement in Sense-IT. Considering the aim of our study,
we were able to collect relevant information for the further
development and enrollment of technology-based interventions
as adjuncts to treatment, even in populations with lower
treatment adherence.

In accordance with the principles of user-centered design for
mHealth applications [37], which had also been applied in the
earlier development phases of the Sense-IT app [38,40], we
involved patients, therapists, and other forensic professionals
in the development process of Sense-IT. The recommendations
collected in the design study were mainly related to
technological issues impeding the ease-of-use, such as
synchronization problems and limitations in the battery life of
the smartwatch. As the usability of the precursor version of the
Sense-IT turned out to be inadequate for extensive testing among
forensic outpatients, its further development was initiated. To
generate more input for this development cycle, the
professionals’ attitudes toward the use of a biocueing app for
this particular group were more thoroughly assessed. Our design
study indicated that forensic professionals had an open and

positive attitude toward biocueing, recognizing the potential
disadvantages or risks. This is important because openness
toward new treatment possibilities and a belief that the
intervention might be beneficial to patients are, among others,
considered as facilitators of the use of mHealth technology
[48,49].

Patients’ adoption of mHealth applications is also known to be
a result of several factors, such as perceived usefulness and
ease-of-use, influencing their individual attitude and behavioral
intention, mediated by age [50]. Other results suggest that the
perceived mobile technology identity, related information
technology experience, and self-efficacy are associated with
higher adoption rates [51]. In our evaluation study, the users’
perceived proficiency was not associated with the actual use
and the perceived usability of Sense-IT. Actual use seemed
higher among older participants, contrary to the mediating
influence of age, as mentioned in other studies. However, the
higher usability scores being reported by patients with a more
positive attitude toward new technology was consistent with
these earlier findings. Furthermore, we encountered some
skepticism when we first presented our idea to investigate a
biocueing intervention among forensic outpatients by providing
them with a smartwatch and smartphone. Contrary to
expectations, none of the devices had to be replaced because of
loss, damage, or theft, supporting a recent study among homeless
youth [52]. The total amount of heart rate measurements, used
as an indicator for the actual app usage, varied widely among
the participants. Most participants used the Sense-IT quite often,
but a few participants showed very low adherence to the app.
This limited adherence to technology-based interventions is a
common issue in eHealth and mHealth studies, even in samples
that are more open to treatment. Many users of self-help
applications show inconsistent use patterns [53], do not continue
their use after completion of one exercise or module [54], or
stop using a health app after 2 weeks, especially when their
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preferences and goals are not met [55]. Given the answers
regarding the future use of the Sense-IT app, actual usage of
the app might have decreased even more if the duration of our
study had been extended to more than 2 weeks. Nevertheless,
considering the motivational problems and the high dropout
rates in forensic populations, outpatients who often fail to
practice outside the treatment setting would be encouraged to
reflect on their behavior in real life.

Furthermore, the Sense-IT app received acceptable system
usability scores, which means that the ease-of-use was
considered good enough for further development and can be
rolled out in this population. The participants provided valuable
recommendations for a new development cycle. The number
of notifying vibrations, which were considered disturbing by
most of the participants, was most often mentioned as a point
for improvement. For some patients, this feature of the app led
to increased irritability, a possibility that has already been
mentioned in previous literature [56-58]. In the future, this
drawback can easily be remedied by adjusting the levels at
which notifying vibrations are provided and by allowing users
to customize the settings themselves. Furthermore, our study
revealed that some participants had difficulty coming up with
a personalized message, which could be shown when their
physiological values were elevated. Therefore, their preference
for the default text message might have been a choice out of
convenience. Further integration of the Sense-IT app in therapy
may help to overcome this difficulty. At the design level, desired
improvements, such as the addition of multiple colors, were
mostly mentioned by younger participants. Furthermore, several
participants would have liked to use Sense-IT on their own
mobile phones. For clinical use, outside a research context with
privacy constraints, this would certainly be possible and might
facilitate the acceptability and usability of the app. Finally,
technological hardware improvements, such as the extended
battery life of the smartwatch, could further enhance adherence
to Sense-IT.

To investigate whether the 2 weeks of using the Sense-IT
biocueing app were associated with clinically relevant changes,
we performed exploratory analysis on the pre and post
measurement outcomes of aggression, anger, and anger bodily
sensations. In line with the literature indicating the difficulty
of changing aggressive behavior [13] and given the small sample
size and short intervention period of our study, no significant
changes were found in the overall scores. Considering the
concepts of state and trait anger, in this study, change might
theoretically occur on state anger. Interestingly, trait anger
diminished significantly between pre- and postintervention
measurements. No change was found in the state anger.
However, this might have been affected by the fact that state
anger was only measured at 2 specific moments in time, when
the participants were generally in a resting state. Regarding the
change in trait anger, social desirability might offer a partial
explanation for this finding. In a study among forensic
inpatients, participants with high scores on impression
management reported significantly lower levels of trait anger
[59]. To explore whether this finding reflects a true change in
the frequency of experiencing angry feelings should therefore
be more thoroughly assessed within a longitudinal research

design, using assessment methods that are more sensitive to
minor changes and less susceptible to social desirability.

Limitations
Our study had several limitations. First, the number of forensic
outpatients participating in the design and evaluation study was
low. In line with the early phase of biocueing research and the
often-encountered difficulties in studies among forensic patients,
this may have affected the findings of our study. Second, we
used a small subset of questionnaires in our evaluation study,
focusing on anger and aggression. Therefore, we might have
overlooked other relevant changes, for example, in emotion
regulation in general. In addition, we did not use the full
STAXI-2 at T1, which should have been preferred to prevent
data loss. Furthermore, the questionnaires we used might have
been susceptible to social desirability. In any case, the most
used questionnaires to assess aggressive behavior are not
designed to detect small changes over short periods. In this
regard, the short duration of the intervention and the absence
of a follow-up measurement complicate the interpretation of
our findings. Third, because we used a pretest-posttest design
without a control group, we were not able to disentangle the
impact of the use of the Sense-IT biocueing intervention from
aggression regulation therapy and from the distribution of
mobile phones and smartwatches, which might be considered
an intervention itself. Fourth, in some cases, Sense-IT seemed
to be measuring data while not being actually worn by the
participants. This complicated the interpretation of the actual
usage of the device. Fifth, as Sense-IT could not be used on the
participants’ own phones, owing to privacy constraints in
research, it might have had a restrictive effect on adherence.
Sixth, the explanation and handing out of the devices was done
by research associates in the absence of their therapists. In
addition, both patients and therapists were not able to adjust the
settings during the study. These restrictions, associated with the
research design, might have limited the adoption of the Sense-IT
app by therapists, an important driver for the integration of
mHealth interventions in clinical practice [49].

Implications for Future Research and Practice
This development and usability study has several key
implications for future research. First, it emphasized the
importance of the involvement of both patients and therapists
in the development of effective mHealth interventions [35].
Second, the evaluation study yielded new recommendations for
the improvement of the Sense-IT app. At the technological level,
stabilization of the app should remain a critical area for
improvement. The number of notifying vibrations and the levels
at which SMS text messages are sent should be adjustable to
the wishes and needs of patients. In addition, the ease-of-use of
recording subjective arousal levels should be enhanced. At the
design level, the clarity of the main screen should be improved,
and the measurement screen should be updated with a
semigraphical representation. To further enhance the
attractiveness of Sense-IT, some patients would like to choose
different background colors. Meanwhile, the recommendations
were processed in a new development cycle, resulting in an
updated version of Sense-IT, as shown in Figure 4. Changes in
app settings and the use of new smartwatches should be
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considered to improve the battery life and, thereby, usability.
Third, experimental studies should be performed to evaluate
the effectiveness of the Sense-IT intervention on clinical
outcomes. Single-case experimental designs should be
considered as well because these types of designs might be
better able to detect minor changes over short periods by, for
example, using ecological momentary assessment [60,61].
Laboratory tasks could also be considered to gain a broader
insight into the response to biocueing. Fourth, the integration
of therapy should be enhanced. To experience the potential
benefits of this biocueing intervention, therapists should first

be trained in working with Sense-IT and familiarizing
themselves with the app. Furthermore, both therapists and
patients should be able to adjust the settings to explore the
optimal level of sensitivity of the system. Fifth, the Sense-IT
app should preferably be added to treatment in the early phases
of aggression regulation therapy, focusing on the recognition
of anger bodily signals. The use of new technological
interventions might have a positive influence on treatment
motivation [21], especially among patients with a positive
attitude toward new technology.

Figure 4. Screenshots of the Sense-IT app after further development (version 2.57): main screen, measurement screen, note screen, and the watch face.

Conclusions
This study revealed a cautiously positive attitude toward the
use of biocueing as an addition to regular aggression regulation
therapy in forensic psychiatry. In the evaluation study among
forensic outpatients, the revised version of the Sense-IT app
demonstrated moderate acceptability and adequate usability.
Furthermore, a significant decrease in trait anger was found
postintervention, which should be further explored in future
research using appropriate research designs. Valuable
recommendations for improvement of Sense-IT, both at the
technological and design levels, were obtained in this study.
For patients and therapists, a stable functioning app, with few
synchronization disruptions and a self-adjustable number of
notifications, seemed most important. Implementing new

smartwatches with a longer battery life and using Sense-IT on
the user’s own smartphone are expected to increase adherence
in the future. Considering the actual use of Sense-IT, the app
seemed to have facilitated out-of-session practice and might
therefore represent an alternative for more traditional
paper-and-pencil registration assignments. The extent to which
users actually reflect on their behavior and whether they feel
supported by Sense-IT to practice behavioral alternatives needs
further examination. Furthermore, this study provided some
evidence that the deployment of Sense-IT is most useful in the
first phase of aggression regulation therapy. Finally, to enhance
the app’s integration in treatment, therapists should be trained
in the use of the app to facilitate exploration of the potential
benefits of these kinds of new mHealth interventions with their
patients.
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Abstract

Background: Identification of people with HIV from electronic health record (EHR) data is an essential first step in the study
of important HIV outcomes, such as risk assessment. This task has been historically performed via manual chart review, but the
increased availability of large clinical data sets has led to the emergence of phenotyping algorithms to automate this process.
Existing algorithms for identifying people with HIV rely on a combination of International Classification of Disease codes and
laboratory tests or closely mimic clinical testing guidelines for HIV diagnosis. However, we found that existing algorithms in
the literature missed a significant proportion of people with HIV in our data.

Objective: The aim of this study is to develop and evaluate HIV-Phen, an updated criteria-based HIV phenotyping algorithm.

Methods: We developed an algorithm using HIV-specific laboratory tests and medications and compared it with previously
published algorithms in national and local data sets to identify cohorts of people with HIV. Cohort demographics were compared
with those reported in the national and local surveillance data. Chart reviews were performed on a subsample of patients from
the local database to calculate the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of the
algorithm.

Results: Our new algorithm identified substantially more people with HIV in both national (up to an 85.75% increase) and local
(up to an 83.20% increase) EHR databases than the previously published algorithms. The demographic characteristics of people
with HIV identified using our algorithm were similar to those reported in national and local HIV surveillance data. Our algorithm
demonstrated improved sensitivity over existing algorithms (98% vs 56%-92%) while maintaining a similar overall accuracy
(96% vs 80%-96%).

Conclusions: We developed and evaluated an updated criteria-based phenotyping algorithm for identifying people with HIV
in EHR data that demonstrates improved sensitivity over existing algorithms.

(JMIR Form Res 2021;5(11):e28620)   doi:10.2196/28620
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Introduction

Background
The widespread adoption of electronic health records (EHRs)
by health care systems over the last decade has led to an
explosion in available clinical data. These databases allow
researchers to retrospectively study large cohorts of patients
with a specific disease or set of clinical characteristics of interest
for quality improvement projects and clinical research. However,
the increase in the amount of available data brings with it the
need for more efficient methods of identifying patient cohorts
to facilitate this research. Historically, cohorts were identified
via manual chart review, a process by which a trained abstractor
manually reviewed each patient record to determine their
eligibility for inclusion in the study. However, this is a time-
and resource-intensive process and is impractical for large EHR
databases containing thousands or millions of patients.

The limitations of manual chart review have led to the
emergence of phenotyping algorithms to automate the
identification of patient cohorts from large data sets for a variety
of conditions such as diabetes, heart disease, and asthma [1-4].
Here, we focus on automated algorithms for identifying cohorts
of people with HIV in EHR databases, as such cohorts can be
useful for studying engagement along every step of the HIV
care continuum (diagnosis, linkage to care, retention in care,
and viral suppression) [5] and identifying areas for improvement,
including strategies for prevention in high-risk populations.

The earliest algorithms for identifying people with HIV used
administrative data from government databases such as those
comprising Medicare or Medicaid claims [6-11]. As these data
sets generally contain only diagnostic (International
Classification of Disease [ICD]) and procedure (Current
Procedural Terminology) codes, the cohort definition algorithms
for HIV developed for them rely solely on ICD codes. An
example of this type of algorithm requires at least 2 outpatient
ICD codes for HIV or 1 inpatient ICD code for HIV to classify
a patient as having HIV [11]. The reliability of these algorithms
is however limited when applied to EHR data where relying
only on ICD codes can lead to misclassification of people with
HIV if these codes are used incorrectly, for example, using
HIV-specific codes for testing or prevention counseling. ICD
codes could also be missing as would be the case if the primary
reason for the encounter was not for management of HIV
infection. Recent studies have sought to improve the
performance of ICD code–based algorithms on EHR data by
developing phenotyping algorithms that mirror the testing and
diagnostic guidelines from the US Centers for Disease Control
and Prevention (CDC) [12]. These algorithms use data such as
laboratory test results and prescriptions for HIV-specific
medications, as well as ICD codes, to identify people with HIV
from EHR records [13-18], and demonstrate good sensitivity
and specificity. However, they were developed using data from
single health care systems or the Department of Veterans’
Affairs, which could limit their generalizability.

As stated previously, recent HIV phenotyping algorithms
developed for EHR data are based on clinical steps taken to
diagnose HIV infection to provide a step-by-step procedure for

identifying people with HIV in the data; for example, first
identify all patients with a positive HIV screening test or an
ICD code for HIV, then from this set identify those with a
positive confirmatory test, etc. Although these algorithms make
use of the clinical information contained in the EHR to confirm
HIV diagnosis, they can miss people with HIV who do not have
complete documentation of their diagnostic history or do not
have ICD codes for HIV documented in their records. We found
this to be the case when we implemented 2 recently published
HIV phenotyping algorithms that follow this model [18] in our
data and identified a significant number of people with HIV
who had clinical evidence of HIV infection but were missed by
these algorithms.

An alternative method that potentially avoids misclassification
because of missing data is to develop a set of criteria to define
HIV diagnosis. Kramer et al [16] described a set of 3 criteria:
(1) presence of an ICD, ninth revision (ICD-9) code for HIV;
(2) a positive HIV laboratory test, defined as a positive screening
test, positive Western blot, HIV viral load (VL) measurement
regardless of result, or CD4 count measurement regardless of
result; and (3) prescription for HIV-specific antiretroviral
medications at any time. They found that requiring at least 2 of
the 3 criteria to classify a patient as having HIV yielded the
highest sensitivity, with minimal trade-off in positive predictive
value. However, as the algorithm by Kramer et al [16] requires
evidence of a VL, without relying on the values of the VL,
changes in the guidelines for HIV testing and diagnosis could
introduce false positives as VL measurement is increasingly
used for diagnostic purposes (especially in the diagnosis of
acute HIV infection) and not solely for monitoring infection
and treatment [19].

Objective
The objective of this study is to develop and validate a novel
phenotyping algorithm to identify people with HIV in EHR data
that is based on an updated set of clinical criteria and to capture
people with HIV missed by existing algorithms.

Methods

Overview
We implemented and evaluated our new algorithm alongside
multiple baseline algorithms for comparison in both a national,
multi-institutional EHR database and a local EHR database
from a single health care system. Both databases contain data
collected before and after the transition from the ICD-9 to the
ICD-10, as well as before and after the introduction of new HIV
testing guidelines by the CDC. To evaluate the performance of
the proposed algorithm, we used 2 different strategies. First,
the distribution of several demographic characteristics, such as
gender and race or ethnicity, is different among people with
HIV than the general patient population [20]. Therefore, we
compared the distribution of demographic factors of the cohorts
of people with HIV who were identified with those reported by
the local health department and the CDC to confirm that our
algorithm identified a cohort with representative demographic
characteristics. Second, we validated our algorithm in the local
EHR database by performing chart review on a subsample of
patients (both people with HIV and people without HIV) and
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calculating the sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy.

Data
Our algorithm was developed and evaluated using both local
and national data sets. Our national data set is Cerner
HealthFacts, a deidentified EHR database containing records
of 69 million unique patients from over 600 participating
hospitals and clinics spanning 19 years from 1999 to 2017.
Local data were derived from University of Texas (UT)
Physicians, an outpatient network based in Houston, Texas.
This database contains records of approximately 4 million
patients between 2006 and 2020. Both data sets have undergone
harmonization and normalization procedures by the Cerner
organization (national data) or the UTHealth clinical data
warehouse team (local data) to ensure data validity. Patient
demographics (gender, race or ethnicity, marital status, and
insurance), census region of clinic (for the national database),
urban or rural status, diagnosis codes, results of laboratory
studies, and medications were extracted from both databases
for all patients aged ≥13 years. Furthermore, 13 was selected
as the age threshold for inclusion in the study because testing
guidelines from the CDC recommend beginning screening for
HIV at the age of 13 years [19]. The use of these data in this
study was approved by the UTHealth Committee for the
Protection of Human Subjects.

Baseline and HIV-Phen Phenotyping Algorithms
We implemented 4 previously published HIV phenotyping
algorithms in both data sets and used them as baseline
comparators for our new algorithm. The first baseline algorithm
is based only on ICD codes for HIV described by Fultz et al
[11]. This algorithm requires at least 2 ICD codes for HIV
documented in an outpatient setting or 1 ICD code for HIV
documented in an inpatient setting to classify a patient as a
person with HIV. A complete list of ICD-9 and ICD-10 codes
required to implement this algorithm can be found in Multimedia
Appendix 1 (Table S1).

A total of 2 HIV phenotyping algorithms described by Paul et
al [18] were used as the second and third baselines. The second
baseline algorithm closely follows CDC testing and diagnostic
guidelines and relies on laboratory results and medications to
identify people with HIV. This algorithm first identified all
patients with a positive HIV antibody screening test (Multimedia
Appendix 1; Table S2) and then identified those in this group
with a positive HIV confirmatory test (Western blot,
immunofluorescence assay, or HIV-1/2 differentiation assay
[MultiSpot or Geenius]; Multimedia Appendix 2 [12]) as having
a confirmed HIV diagnosis. Patients who did not have a record
of an HIV screening test, had a negative or indeterminate
screening test, or had a positive screening test and a negative
or indeterminate confirmatory test were considered to have HIV
infection if they had an HIV VL>1000 copies/mL. For patients
with a VL≤1000 copies/mL or an undetectable VL, their
medication history was reviewed for prescriptions for
antiretroviral medications for HIV treatment, which would

confirm their HIV diagnosis. The lists of HIV VL test and HIV
antiretroviral medications used to implement this algorithm can
be seen Multimedia Appendix 2.

The third baseline algorithm is ICD code–based and begins by
identifying all patients with an ICD-9 or ICD-10 code for HIV
or HIV-related comorbidities (Multimedia Appendix 1; Table
S1). Patients in this group with a positive HIV confirmatory
test (Multimedia Appendix 2) or HIV VL >1000 copies/mL
(Multimedia Appendix 2) were considered to have a confirmed
HIV diagnosis. Those who did not meet these criteria were
reviewed for prescriptions for HIV antiretroviral medications
(Multimedia Appendix 2) to confirm HIV diagnosis.

The fourth and final baseline we implemented as a comparator
for our new algorithm was the criteria-based algorithm described
by Kramer et al [16]. This algorithm defines a set of 3 criteria
and requires that at least 2 of the 3 criteria be met to classify a
patient as having HIV. These criteria are (1) presence of an
ICD-9 code for HIV, (2) a positive HIV laboratory test, defined
as a positive screening test, positive confirmatory test, HIV VL
measurement regardless of result, or CD4 count measurement
regardless of result, and (3) prescription for HIV-specific
antiretroviral medications at any time. The ICD codes needed
to implement this algorithm are listed in Table S1 of Multimedia
Appendix 1, HIV screening tests are listed in Table S2 of
Multimedia Appendix 1, CD4 count tests are listed in Table S3
of Multimedia Appendix 1, HIV confirmatory tests are listed
in Multimedia Appendix 2, and HIV VL test are listed
Multimedia Appendix 2.

Our new algorithm identifies a minimum set of clinical criteria,
only one of which must be met to confirm HIV diagnosis. These
criteria are a positive HIV confirmatory test, an HIV VL >1000
copies/mL, or a prescription for HIV antiretroviral medications
sufficient to treat (rather than prevent) HIV as evidence of a
confirmed HIV diagnosis. A decision tree representing our
phenotyping algorithm is depicted in Figure 1, and the
pseudocode that details the data points needed to implement
this algorithm can be seen in Multimedia Appendix 2, as well
as on Phenotype Knowledgebase (PheKB) [21]. Initial lists of
HIV laboratory tests were generated from both the national and
local databases using HIV-related keywords (HIV, human
immunodeficiency virus, rapid, multispot, and geenius). The
lists had to be generated separately for each database as
laboratory test names were not standardized across institutions,
and different health care systems often use different names and
terminology for the tests. These lists were reviewed by a clinical
domain expert (TPG) to generate the final lists of relevant
laboratory tests for each data set to be included in the algorithm.
In addition, a list of HIV antiretroviral medications used to treat
HIV was compiled with the assistance of the same clinical
domain expert. Patients being treated with only a subset of HIV
antiretroviral medications that can be used to treat hepatitis B
infection or for pre-exposure prophylaxis were required to have
a positive confirmatory test or a VL >1000 copies/mL to be
considered to have a confirmed HIV diagnosis.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28620 | p.526https://formative.jmir.org/2021/11/e28620
(page number not for citation purposes)

May et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 1. Diagram of our HIV phenotyping algorithm and evaluation framework.

Evaluation
A total of 2 strategies were used to evaluate the performance
of our algorithm: a comparison of demographic statistics to
national and local statistics and a chart review to validate HIV
status. First, comparisons of the demographic distributions
between the cohorts of people with HIV identified using our
algorithm and those with HIV included in local and national
surveillance data were performed to provide evidence that our

algorithm correctly identifies people with HIV from the EHR
data. Demographics of the national cohort were compared with
national demographic distributions of people with HIV from
the HIV Surveillance Report published each year by the CDC
[20], and the demographics of the local cohort were compared
with demographic distributions from people with HIV in the
Houston area compiled by the Houston Area Ryan White
Planning Council and Houston Health Department [22].
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Second, a random subsample of cases (people with HIV) and
control patients was extracted from the UT Physicians data. As
HIV cases are infrequent in the data, to maintain a 1:1 ratio of
cases to controls, we randomly sampled patients determined as
cases or controls by our algorithm. The sample size was
calculated based on a 95% confidence level and a margin of
error of 5%. Chart review, guided by the clinical domain expert
(TPG), was then performed on this subsample to determine the
HIV status of each patient by one of the researchers (SBM). On
the basis of this chart review–based gold standard, the
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy were calculated for our algorithm.
The evaluation framework is shown in Figure 1. For comparison,
these metrics were also calculated for the baseline phenotyping
algorithms implemented in the local EHR.

Results

Characteristics of People With HIV Cohorts Identified
by the Algorithms
In the national EHR data, the ICD-only baseline identified
86,066 people with HIV, the laboratory-based baseline algorithm
identified 65,629 people with HIV, the ICD-based baseline
algorithm identified 48,819 people with HIV, and the
criteria-based baseline identified 72,443 people with HIV. In
contrast, our algorithm identified 90,682 people with HIV. This
represents a 5.36%, 38.17%, 85.75%, and 25.18% increase in
the number of people with HIV identified in this data set over
the baseline algorithms, respectively. A diagram showing the
flow of patients using our algorithm is displayed in Figure 2.

We examined how patients qualified as having HIV using our
algorithm to identify why it resulted in the identification of
more people with HIV. A Venn diagram showing the number
of people with HIV identified by each criterion of the new
algorithm in the national data set is shown in Figure 3A. Most
of the patients in the cohort identified by our algorithm
(58,719/90,682, 64.75%) were detected based on the presence
of an HIV VL test result >1000 copies/mL, 48.47%
(28,463/58,719) of whom did not have an ICD code for HIV or
a positive HIV screening test. An additional 6021 patients were
included in the cohort based on the presence of a positive HIV
confirmatory test, making up 6.64% (6021/90,682) of the
national cohort of people with HIV. Of these 6021 patients,
1732 (28.77%) did not have an ICD code for HIV or a positive
screening test in the data, leading them to be missed by one or
more of the baseline algorithms. Finally, 28.61%
(25,942/90,682) were detected based on the presence of a
prescription for HIV antiretroviral medications, and 35.75%
(9274/25,942) of these patients did not have an ICD code for
HIV or a positive screening test for HIV documented in the
data. All people with HIV identified by the laboratory-based
and ICD-based baseline algorithms were also identified by our
new algorithm. However, there were 42,382 patients identified
as people with HIV by the ICD-only baseline that were not
identified by our algorithm. Conversely, our algorithm identified
46,994 people with HIV that the ICD-only baseline had not
identified. The criteria-based baseline identified 22,536 patients
as people with HIV not identified by our algorithm, whereas
our algorithm identified 40,775 people with HIV not identified
by the criteria-based baseline.
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Figure 2. Flow diagram of patients through our algorithm for both national and local data sets. *Any International Classification of Disease code for
HIV, HIV-related laboratory test performed regardless of result, or medication used to treat HIV documented in the data.

Similar results were obtained from the local database. The
baseline algorithms identified 3399, 1899, 2764, and 2911
people with HIV in the local data (ICD-only, laboratory-based,
ICD-based, and criteria-based baselines, respectively). This is
in comparison with the 3479 people with HIV identified by our
algorithm in these data (Figure 2). This represents a 2.35%,
83.20%, 25.87%, and 19.51% increase in the number of people
with HIV identified by our new algorithm over the ICD-only,

laboratory-based, ICD-based, and criteria-based baseline
algorithms, respectively. Similar to the national cohort, all
people with HIV identified by the laboratory-based and
ICD-based baseline algorithms were also identified by our
algorithm, whereas the ICD-only baseline identified 752 people
with HIV not identified by our algorithm and the criteria-based
algorithm identified 84 people with HIV not identified by our
algorithm. Conversely, our algorithm identified 832 people with
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HIV not identified by the ICD-only baseline and 652 people
with HIV not identified by the criteria-based baseline. Contrary
to the national cohort, most of the local cohort (2133/3479,
61.31%) were identified by the presence of a prescription for
HIV antiretroviral medications, 26.91% (574/2133) of whom
did not have an ICD code for HIV or a positive HIV screening
test in the data. Only 21.39% (744/3479 patients) of the local
cohort were identified based on the presence of an HIV VL

result >1000 copies/mL (50/744, 6.7% of whom did not have
an ICD code for HIV or a positive HIV screening test), and
17.3% (602/3479 patients) based on a positive confirmatory
test (18/602, 3%) of whom did not have an ICD code for HIV
or a positive HIV screening test in the data). A Venn diagram
showing the number of people with HIV identified by each
criterion of the new algorithm in the local data set is shown in
Figure 3B.

Figure 3. Venn diagram showing the number of patients meeting each of the criteria of our HIV phenotyping algorithm for (A) national data set, and
(B) local data set.

Demographic Characteristics of People With HIV
Cohorts Identified Using Our Algorithm
To validate the ability of our algorithm to identify people with
HIV in both data sets, we analyzed the distributions of several
demographic characteristics and compared these distributions
with those seen in local and national HIV surveillance data. The
cohort from our national data shares race distributions similar
to those reported in national surveillance data of people with
HIV: 48.43% (43,915/90,682) of people with HIV are Black

and 34.69% (31,462/90,682) are White in our national data
compared with 40.61% (423,304/1,042,270) Black and 29.19%
(304,206/1,042,270) White in the national surveillance data
(Figure 4B). Our national cohort demonstrated a higher
proportion of males than females, which corresponds to the
distributions seen in national surveillance data collected by the
CDC [20]. However, the percentage of females in our national
cohort was much higher (36,738/90,682, 40.51%; Figure 4A)
than that reported nationally (245,727/1,042,270, 23.58%; Figure
4A), with a correspondingly lower percentage of males.

Figure 4. Comparison of distributions of gender and race in cohorts identified by our algorithm and national (Centers for Disease Control and Prevention)
and local (Houston Health Dept) HIV surveillance data.
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In the local EHR data, demographic distributions of people with
HIV identified by our algorithm were compared with local
surveillance statistics reported by the Houston Health
Department for people with HIV in the area [22]. As with the
national cohort, the racial distribution of the cohort from our
local data (1589/3479, 45.67% Black; 984/3479, 28.28% White)
was comparable with the racial distribution reported in local
surveillance data (12,424/25,132, 49.43% Black; 4608/25,132,
18.34% White; Figure 4B). Similar to the national cohort, the
local cohort was slightly more female than reported in the
surveillance data (1239/3479, 35.61% females in our cohort vs
6171/25,132, 24.55% in the surveillance data; Figure 4A).

Evaluation of Our Algorithm Compared With Baseline
Algorithms in Local EHR Data
A chart review was performed on a random subsample of 360
patients in the local data set to evaluate the performance of our

HIV phenotyping algorithm compared with the baseline
algorithms. The sensitivity of our algorithm was 98%,
representing a substantial increase in sensitivity over the
laboratory-based baseline algorithm (56%) and ICD-only
baseline algorithm (86%), as well as a moderate increase over
the ICD-based baseline algorithm (90%) and criteria-based
baseline algorithm (92%). In addition, our algorithm
demonstrated an increase in overall accuracy over 3 of the 4
baselines (HIV-Phen, 96%; ICD-based baseline, 95%;
laboratory-based baseline, 80%; ICD-based baseline, 95%).
However, these gains were accompanied by a decrease in the
specificity of our algorithm compared with the baseline
algorithms. Side-by-side comparisons of these results are
presented in Table 1.

Table 1. Evaluation resultsa.

ResultsAccuracyNegative pre-
dictive value

Positive pre-
dictive value

SpecificitySensitivitySourceAlgorithm

C−C+

A −A+A −A+

1931231430.930.890.990.990.86Fultz et al
[11]

ICDb-only base-
line

194073930.800.731.01.0 c0.56Paul et al
[18]

Laboratory-based
baseline

1940171490.950.921.01.00.90Paul et al
[18]

ICD-based base-
line

1931141520.960.930.990.990.92Kramer et
al [16]

Criteria-based
baseline

185941620.960.980.950.950.98N/AdHIV-Phen

aResults of the evaluation of the baseline algorithms and our new clinical criteria-based algorithm on a subsample of 360 patients from the local database.
Classification of the patients is shown on the right side of the table (Results) broken down by the results of chart review (C+ or C−) and algorithm
classification (A+ or A−).
bICD: International Classification of Disease.
cResults are italicized for the algorithm with the highest value for each metric.
dN/A: not applicable.

Discussion

Principal Findings
We developed a novel HIV phenotyping algorithm, HIV-Phen,
that relies solely on laboratory and medication data and requires
only 1 of 3 clinical criteria to be met to identify people with
HIV: positive HIV confirmatory test, HIV VL>1000 copies/mL,
or prescription of HIV antiretrovirals for the treatment of HIV.
This algorithm was developed to address a significant portion
of people with HIV that were missed by previously published
algorithms in both our local and national data sets. Our new
algorithm is able to identify up to 85.75% more people with
HIV in our data and demonstrates improved sensitivity over the
baseline comparators with modest trade-off in specificity.

We found that these people with HIV were missed by the
baseline algorithms because a number of people with HIV had

laboratory or prescription evidence to confirm HIV diagnosis
but did not have ICD codes for HIV documented in their medical
records. Furthermore, patients often visit providers from multiple
health care systems for care. Owing to this, in a given EHR,
some people with HIV might not have all the laboratory
information needed to confirm HIV diagnosis according to
algorithms that mimic clinical testing and diagnostic guidelines
such as the laboratory-based baseline algorithm implemented
here. This leads such algorithms to misclassify people with HIV.
Our algorithm was implemented and compared across both
national and local EHR databases containing data spanning
large time scales, including both ICD-9-CM and ICD-10 billing
codes, as well as various HIV testing technologies and
guidelines. In addition to differences in geographic coverage,
the 2 data sets used in this study are very different in
composition with the local data containing mostly outpatient
data and the national data containing predominantly inpatient
as well as outpatient data. The fact that our new algorithm
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performs well in both data sets supports its portability across
EHRs from different sources.

Our algorithm demonstrates a marked improvement in sensitivity
over the baseline algorithms and a small increase in accuracy
in the local data. However, these gains come with small
decreases in specificity. Our algorithm resulted in 9 false
positives, or people who were identified as people with HIV by
the algorithm when they did not have HIV. Most patients in this
group were falsely identified as having HIV because they were
prescribed postexposure prophylaxis (PEP) because of HIV
exposure. Unlike patients on pre-exposure prophylaxis or
hepatitis B virus treatment, these patients are more difficult to
identify and exclude because PEP consists of a full HIV
treatment regimen. As PEP is only taken for a single short period
(typically 30 days) after exposure, prescription duration and
count could be considered in the algorithm to correctly identify
these individuals. However, this could exclude people with HIV
whose infection is not being managed by a provider in the
system, who are nonadherent, or have fallen out of care. Another
source of false positives was variations in clinical practices,
that is, patients who received prescriptions for antiretrovirals
on the same day as a screening test that came back negative.

Our algorithm falsely classified 4 patients as negative when
they had HIV infection. This was largely because of HIV
infection only being mentioned in the text of clinical notes for
these individuals and no laboratories or medications for HIV
listed in their records. Owing to this, they were also
misclassified by the laboratory-based baseline algorithm. In
addition, these patients did not have ICD codes in the EHR and
were thus, falsely classified as negative by the other baseline
algorithms that make use of these codes. Out of the 4 false
negatives, 1 had a detectable HIV VL, but it was <1000
copies/mL, which is not considered sufficient clinical evidence
to confirm HIV diagnosis by our criteria. We chose 1000
copies/mL as the cutoff for confirming HIV to accommodate
the changes over the years in the sensitivity of the VL test, as
over the time frame of our data, the lower limit of detection of
the VL test has gone from 400 copies/mL to 48 copies/mL to
20 copies/mL. Running our algorithm in the local data using
VL thresholds of 400, 48, and 20 copies/mL increases the
number of people with HIV identified by less than 1% over the
1000 copies/mL threshold, and only 1 additional patient was
identified as positive in the evaluation subsample. This was the
patient with a detectable VL <1000 copies/mL that was falsely
classified as negative previously. Running the same analysis in
the national data increases the number of people with HIV
identified by 1.5%, 7%, and 10% with VL thresholds of 400,
48, and 20 copies/mL, respectively. However, a threshold of
>1000 copies/mL reduces the possibility of false positivity in
distinguishing acute HIV infection from a false positive
screening test when the differentiation assay is negative.

As further evidence of the accuracy of our new algorithm, we
found good agreement in most demographic trends with HIV
surveillance data in the cohorts from both the local and national
data. However, we observed a higher percentage of women in
both the national and local cohorts than that reported in the
surveillance data. In the local data set, this was observed in
cohorts resulting from our algorithm and the baseline algorithms.

Given this, and as this is a cohort derived from clinical data
rather than surveillance data, the higher percentage of women
could be because of differences in the characteristics of patients
who use the UT Physicians network for health care compared
with the general population of people with HIV in the Houston
area. As most people with HIV in the local cohort were
identified because they have a prescription for antiretrovirals
but lack HIV laboratory data, we speculate that many of the
people with HIV identified are accessing specialty care in the
UT Physicians system for other conditions and their HIV
infection is being managed elsewhere. Furthermore, studies
have shown that women are more likely to consult a physician
than men and are more likely to have health insurance and a
regular source for health care [23-26], which could potentially
drive the discrepancy in gender distribution between the UT
Physician population and the Houston-area surveillance data.

A discrepancy in gender distribution was also observed between
the national cohort and the national HIV surveillance data. On
examining the distribution of gender by census region in our
national cohort, we found that the gender distribution of people
with HIV from the West and Midwest align very well with the
national surveillance data distribution; however, people with
HIV from the South and Northeast have a much higher
percentage of women than reported in the national surveillance
data. Most people with HIV identified by our algorithm resided
in these regions. Demographic distributions among people with
HIV are not uniform across the country, and regional variations
exist; for example, heterosexual transmission is a more
predominant risk factor in the South, which results in a higher
percentage of people with HIV who are women in this region
[20]. These regional variations and the characteristics of people
who regularly interact with the health care system mentioned
previously could be partly responsible for the differences we
observed in gender distribution in the national cohort compared
with the national surveillance data.

In both national and local data, the number of Hispanic patients
was not accurately captured. This is likely because of differences
in the way this information is collected across systems, that is,
as a single race or ethnicity variable or as separate race and
ethnicity variables. In our data, this likely leads to the number
of White patients being overestimated in the data and Hispanic
patients being underestimated, which may explain the
discrepancies observed between our national and local people
with HIV cohorts and national and local surveillance data.

Limitations
Our study has several limitations. First, although the national
EHR data set is very large and contains records of millions of
patients from across the country, it is deidentified, and thus,
lacks information such as clinical notes and identifiers that could
be linked to other data sources or used to validate algorithms
against medical record reviews. This information could provide
a better understanding of why so many people with HIV in this
data lack ICD codes for HIV. Second, the national data are
aggregated from multiple clinics across the country and mapped
to standard ontologies, such as Logical Observation Identifiers
Names and Codes for laboratory tests by Cerner. Errors in the
mapping led to ambiguity in the data; for example, tests that
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were mapped to HIV screening test but had values with ranges
that suggested they were VL measurements. Third, although
the national data do provide a nongovernmental national sample
of patients, it is limited to clinics that have implemented Cerner
EHRs, which could introduce bias. Finally, as laboratory test
names are not standardized and different clinics use different
names and terminology, lists of HIV laboratories must be
generated for each data set on which the algorithm is run, which
is a time-consuming process. A consistent mapping to a
standardized ontology, such as Logical Observation Identifiers
Names and Codes, is needed to fully automate this part of the
algorithm.

Conclusions
We have developed and evaluated HIV-Phen, a novel HIV
phenotyping algorithm, to identify people with HIV in EHR

data that greatly improves sensitivity over previously published
algorithms. In addition, we have shown that a significant
proportion of people with HIV in 2 clinical data sets do not have
ICD codes for HIV and are thus missed by phenotyping
algorithms that rely on this information. This work will
positively impact future HIV research as our new algorithm can
be applied to both single and multi-institutional data sets to
accurately identify complete cohorts of people with HIV to
facilitate multiple types of studies. Furthermore, this work seeks
to provide a blueprint for the implementation of our algorithm
to assist other researchers in the identification of their cohorts.
Although the elucidation of algorithms to accurately identify
specific cohorts of patients is important, further work is needed
to define standard mappings of laboratory tests, medications,
and other information to increase the ease and speed with which
these algorithms can be implemented across different data sets.
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Abstract

Background: Antenatal care (ANC) prevents perinatal morbidity and mortality, but use of these services in Uganda remains
low and maternal mortality rates are among the highest in the world. There is growing evidence that mobile health (mHealth)
approaches improve timely communication of health-related information and produce positive health behavior change as well as
health outcomes. However, there are limited data to guide development of such interventions in settings where ANC attendance
and uptake of skilled maternity care are low.

Objective: The aim of this study is to develop a novel patient-centered mHealth intervention to encourage and support women
to use maternity care services in Mbarara district, southwestern Uganda.

Methods: Using an iterative development approach, we conducted formative stakeholder interviews with 30 women and 5
health care providers (HCPs) to identify preferred key ANC topics and characterize the preferred messaging intervention; developed
content for SMS text messaging and audio messaging with the help of 4 medical experts based on the identified topics; designed
an app prototype through partnership with an mHealth development company; and pilot-tested the prototype and sought user
experiences and feedback to refine the intervention through 3 sets of iterative interviews, a focus group discussion, and 5 cognitive
interviews. Qualitative data were coded and analyzed using NVivo (version 12.0; QSR International).

Results: Of the 75 women who completed interviews during the development of the prototype, 39 (52%) had at least a primary
education and 75 (100%) had access to a mobile phone. The formative interviews identified 20 preferred perinatal health topics,
ranging from native medicine use to comorbid disorders and danger signs during pregnancy. In all, 6 additional topics were
identified by the interviewed HCPs, including birth preparedness, skilled delivery, male partner’s involvement, HCP interaction,
immunization, and caring for the baby. Positive audio messaging and SMS text messaging content without authoritative tones
was developed as characterized by the interviewed women. The postpilot iterative interviews and focus group discussion revealed
a preference for customized messaging, reflecting an individual need to be included and connected. The women preferred short,
concise, clear actionable messages that guided, supported, and motivated them to keep alert and seek professional help.
Complementary weekly reminders to the women’s significant others were also preferred to encourage continuity or prompt the
needed social support for care seeking.
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Conclusions: We used an iterative approach with diffuse stakeholders to develop a patient-centered audio messaging and SMS
text messaging app designed to communicate important targeted health-related information and support rural pregnant women
in southwestern Uganda. Involving both HCPs and end users in developing and formulating the mHealth intervention allowed
us to tailor the intervention characteristics to the women’s preferences. Future work will address the feasibility, acceptability,
and effectiveness of this design approach.

(JMIR Form Res 2021;5(11):e29214)   doi:10.2196/29214

KEYWORDS

mHealth app; app development; messaging; health education; health promotion; mobile phone

Introduction

Background
Antenatal care (ANC) reduces perinatal and maternal morbidity
and mortality by detecting and treating prenatal complications
and identifying women classified as high risk to ensure delivery
in skilled settings [1-5]. ANC also provides an opportunity to
support women, families, and communities at a critical time in
the course of a woman’s life [3]. However, the use of perinatal
services in Uganda remains low, with correspondingly high
rates of unskilled home deliveries [6].

To avert maternal and perinatal deaths, the World Health
Organization has called for the development and evaluation of
adaptable and context-specific health solutions to promote ANC
uptake, including interventions that involve delivering health
care or medicine practice over mobile devices (mobile health
[mHealth]) to empower women to overcome barriers to care
[3]. A mechanism by which mHealth apps might affect positive
health benefits is through engendering social support for the
end user. Previous studies have observed a significant positive
relationship among perceived social support, health care seeking,
breastfeeding practices, and infant care practices among mothers
[7,8]. Social support can mitigate structural and physical barriers
to health and facilitate self-efficacy to complete positive health
behaviors [9,10]. Several studies have found mobile
phone–based messages to be motivational or inspirational or to
offer a source of social support [11], cues to action [12], or a
source to challenge and debunk negative beliefs [13], leading
to the desired change. However, despite the successes in pilot
studies elsewhere, enthusiasm from the public sector, and nearly
ubiquitous availability of mobile phones in Uganda [14],
mHealth interventions to motivate improved outcomes among
pregnant women have not been adopted on a larger scale [15].

In all, 2 systematic reviews have identified methodological
issues with prior work, including ambiguous descriptions of the
interventions and their mechanisms of impact, which have
generally neglected to base interventions on behavioral theory
[5,16]. Others have alluded to the vital importance of the content
of the message in supporting and affecting behavior change
[17]. Therefore, mHealth interventions present an opportunity
to address barriers to health care use through a multipronged
approach by (1) teaching positive health behaviors and
addressing specific health concerns (predisposing factors), (2)
empowering and strengthening informed decision-making
(enabling factors), and (3) improving the perceived need for
use of the available services [5,16,18,19]. Others have suggested
that mHealth interventions such as SMS text messaging,

preloaded (or preinstalled) apps, and voice- and web-based
portals may help individuals to improve eHealth literacy,
internalize benefits of health services, and function as a
decision-support tool at the point of care [20-22]. These
interventions enhance and support healthier lifestyles, empower
or enable individuals to seek help, address specific health
concerns, change behavior patterns, and strengthen informed
decision-making. mHealth interventions may also strengthen
social relationships and support positive health behavior through
SMS text messaging reminders [5,16,18,19,23].

Objective
Despite the vast research on recommendations for optimized
mHealth care, there are insufficient published data on the
mHealth app development process. The development of many
mHealth apps has been led by developers and investigators,
with limited input from end users or with input restricted to
postintervention consumer satisfaction ratings such as like or
dislike to assess usability [24]. A participatory design process
that considers clients’ and caregivers’ needs and expectations
from the development phase may improve uptake and
sustainability of mHealth interventions. In this study, we
describe the development of a novel automated SMS text
messaging and audio messaging patient-centered app designed
to motivate and support women to present for ANC in rural
southwestern Uganda and, ultimately, opt for skilled delivery.
Our overarching aim for this paper is to describe an iterative
design process usable for other groups that are designing and
implementing similar interventions to promote perinatal health
in low-literacy, resource-poor settings.

Methods

Study Design
We used an iterative design (Figure 1) that comprised the
following steps: (1) stakeholder interviews (end-user women
and maternal health care providers [HCPs]) to identify key
health education topics relevant to the ANC period and
characterize women’s preferences for an mHealth-based, social
support intervention (formative interviews with predevelopment
end users); (2) content development for SMS text messaging
and audio messaging with the input of 4 medical experts (2
obstetricians and 2 midwives) for the ANC topics as identified
and characterized by the stakeholders; (3) design of an app
prototype through partnership with an mHealth development
company; and (4) pilot-testing the prototype and obtaining
feedback for content refinement through (i) 3 sets of iterative
exit interviews (pilot participants), (ii) a focus group discussion
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(FGD), and (iii) cognitive interviews to further explore user
experiences and refine the updated message components and

maximize potential impact and sustained use by rural pregnant
women.

Figure 1. Iterative development of a novel messaging app prototype.

Setting

Stakeholder Interviews
We conducted in-depth qualitative interviews with 2 groups of
stakeholders: (1) target end users and (2) HCPs. A total of 40
women were invited to complete in-depth interviews, but
saturation was attained after 75% (30/40) were interviewed.
The women were purposively selected from rural Mbarara
district, southwestern Uganda, during the period December
2018 to March 2019. These women were interviewed to identify
key health education topics relevant to the ANC period as well
as characteristics of a preferred mHealth app. The women were
recruited from 10 villages located within 20 km of Mbarara
Regional Referral Hospital (MRRH) with the help of existing
village health teams (VHTs). VHTs are composed of
community-based volunteers who are identified by community
members and given basic training on major health programs to
mobilize and sensitize communities to use available health
services [25-27]. Eligible women for these predevelopment
interviews included adults (1) aged ≥18 years (2) who had
delivered a baby within the past 3 months, (3) owned or had
access to a mobile phone, and (4) were able and willing to give
informed consent. The purposeful sample was intended to
represent women with differing experiences of pregnancy and
ANC and included 15 women who delivered at home and 15
who delivered at a health facility.

The interviews were open-ended and organized to cover
predesignated core topics. An interview guide was developed
and pilot-tested using the constructs of the Healthcare Service
Utilization Model as reported elsewhere [26,27] and the
Technology Acceptance Model [28,29] (Multimedia Appendix
1). This open-ended approach ensured systematic coverage of
specific areas of interest while allowing for unanticipated
content to emerge. The interview topics included information
and preferred ANC topics considered useful in supporting
women during their pregnancy journey, attitude toward using
mHealth technology, performance expectancy, effort
expectancy, social influence, facilitating conditions,
self-efficacy, anxiety, behavioral intention to use technology,
and potential technology engagement or fatigue. Specific data
on preferences for messaging, content, frequency, preferred
language, length, and timing were also sought. A brief
questionnaire at the outset of each interview was administered

to collect demographic information (eg, age, occupation, and
educational background).

In all, 5 key HCPs (2 obstetricians and 3 midwives) were
purposively identified from MRRH and another rural maternity
health center in Mbarara district. The HCPs included (1) adults
aged ≥18 years (2) who were actively engaged in maternity care
or policy implementation in Uganda or both, 3) had at least 5
years of experience as HCPs at a busy maternity center, and 4)
were able and willing to give informed consent. They were
interviewed to explore key ANC health education topics and
information to inform the development of the mHealth-based
app.

All interviews took place at a private location mutually agreed
upon by the participant and the interviewer. Each interview
lasted 50-70 minutes. Written informed consent was obtained
at the outset of each interview session. Qualitative interviews
were digitally recorded with the participant’s permission and
transcribed verbatim.

Content Development
Using the formative qualitative interviews with the end users,
we identified key health education topics along with ANC
messages that could be developed to increase ownership,
engagement, usability, and acceptability by the intended
recipients [28,29]. The HCPs identified additional topics that
were a critical part of the health education framework during
ANC visits [30].

We used Behavior Change Technique Taxonomy version 1
(BCTTv1) [17,31] because it offered a reliable structure to
identify, define, interpret, and characterize key components
(active ingredients) of our intervention messages aimed at
improving the use of maternity care services. Information was
grouped within the BCTTv1 components identified as follows:
(1) goal setting (outcomes: improving health-related knowledge
and skilled delivery), (2) goal setting (behavior: presenting for
ANC and avoiding risky behavior), (3) action planning (planning
for scheduled visits, financing, actionable messages, partner
involvement, and birth preparedness), (4) feedback on behavior
(progress monitoring and app interaction features), (5) prompts
or cues (follow-up messages or reminders and information cues,
eg, danger signs during pregnancy), (6) credible source of
information (systematic content development using experts and
continuity of care through regular customized information), (7)
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instruction on how to perform the behavior, (8) information
about health consequences (cautionary social and emotional
consequences of, or regrets related to, poor health-seeking
behavior), (9) what to do regarding, or where to seek, care or
redress (problem solving), (10) review goals (interaction with
HCPs and how to review progress), (11) embedded
self-monitoring information on progress or preparedness, and
(12) active social support for users through regular reminders
(self-reminders or through identified social networks).

In all, 4 medical experts (2 obstetricians and 2 midwives),
different from those interviewed, were engaged to contribute
content for the first draft of the SMS text messages and audio
messages, identified by the women and the HCPs, to ensure
quality and consistency. The content and frequency of these
messages were also based on the type of phone, network,
preference, and need to ensure effectiveness and usefulness as
well as avoid repetition, fatigue, and burdensomeness.

App Prototype Design and Development
During the intervention design, we worked with iStreams, an
mHealth app development company in Mbarara town with an
existing mHealth platform in Uganda [32]. This local developer
designed an initial and novel app prototype that included both
SMS text messaging and audio messaging for pilot testing. The
design allows training manuals and behavior change
communication materials to be integrated within a mobile app.
Its unique multimedia design also allows women to listen to
messages in their own language or view culturally relevant
visuals (such as those that identify danger signs or
complications, getting prepared for delivery, expected date of
delivery, childbirth checklist, and others). Women were able to
register on this platform and be tracked throughout their

pregnancy and postpartum periods, receive automatic or
scheduled SMS text message reminders, SMS text messages,
audio messages, or notifications about upcoming appointments.
In addition, the app stores medical information and allows
real-time submission of data directly from a mobile phone,
allowing managers and supervisors to access up-to-date data
on health outcomes. The elements, content, and patterns of the
SMS text messaging reminders were customized and the
prototype presented as an eBirth platform for SMS text
messaging and audio messaging (Figure 2). All messages were
developed in English and then translated into the local language,
Runyankole, by an experienced translator to ensure that context
was maintained. Messages were dispensed in either English or
Runyankole as preferred by the recipient. Fixed SMS text
messaging data were stored in a secure cloud with iStreams,
which is Health Insurance Portability and Accountability Act
compliant.

We used the Bendixen approach [33] for designing and
developing a user-centered mHealth app, considering 5
overarching goals: (1) ease of use, (2) engagement, (3) education
and preparation, (4) motivation and support, and (5) tailoring
the system and personalizing the information for end users.
Messages were intended to communicate information on the
benefits of nutrition, exercise, presenting for ANC, skilled
delivery, partner involvement, birth preparedness, monitoring
danger signs, and overcoming barriers to access maternity
service. The topics of these messages were identified and
characterized by both the women (end users) and the HCPs
during the predevelopment stage, and the content was developed
by health experts. Scheduled SMS text messaging reminders
were incorporated as part of the intervention as a stimulus,
prompt, or cue to take action.
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Figure 2. The e-Birth app biodata registration form interface.

Prototype Pilot Testing
Through the VHTs, we screened and enrolled 30 pregnant
women (3 successive iterations of 10 pregnant women) from
communities residing within 20 km of MRRH who had not
presented for ANC by the beginning of their third trimester
(determined by their last menstrual period) to test and assess
preliminary feasibility, acceptability, and usability of the novel
app through postuse qualitative interviews. An iterative approach
of interviewing 10 women in each of the 3 groups was also
considered sufficient to obtain rich, specific, and purposefully
focused information from participants who had been exposed
to the intervention [34]. These novel messages and their content
were also tested to ensure ownership, relevance, consistency,
and expectations among these pregnant women.

After enrollment, messages were sent to these 30 women (audio
messages or SMS text messages or both), depending on the
participant’s choice. Women with access to a mobile phone in
their household were registered, and they received the current
version of the messages through the eBirth app prototype (Figure
2) for at least 3 months, a period of time chosen to include a
minimum of 3 ANC visits and delivery. Messages were sent in
a specific sequence, depending on the month of pregnancy, to
cover appropriate topics identified in the formative interviews.
In the case of some women, SMS text messaging reminders
were incorporated and sent to their significant others or social
supporters to help remind them and support them on their
upcoming ANC visit and maternity journey [23]. However, the
social supporters were not given any prior recommendations or
instructions guiding them on how to respond to the SMS text
messaging reminders because the intervention was designed to
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provide social support by building on already existing supportive
relationships of the study participants.

To test for frequency preferences, we first sent out messages
daily for 2 weeks, then weekly at the chosen times, and then
twice a week alternating between 8 AM and 8 PM. A message
delivery log was monitored on the app platform. We followed
the enrolled women through delivery. Upon completion of the
3-month message delivery period, we interviewed the women
using semistructured questionnaires to obtain feedback on
content, preferred terminologies, language, and ease of use in
obtaining the needed support. We assessed phone use and
responsiveness by how often the women read the SMS text
messages, received calls, texted back or texted at all,
confirmation of receipt, phone calls made, and the times when
they missed calls or did not read the SMS text messages sent
to them. The women were interviewed on technology
acceptance, performance and effort expectations, whether they
preferred SMS text messaging or audio messaging as a medium
of information delivery, their attitude toward SMS text
messaging or audio messaging technology, other preferred
terminologies, content scheduling, facilitators, technology
engagement, convenience, social influence, facilitating factors,
anxiety, need for help using the app (self-efficacy), behavioral
intention to use, and preliminary feasibility (network challenges,
phone ownership, battery life, resources, frequency, and timing).

The app prototype was modified based on feedback from each
iterative round of the pilot interviews. After the third
modification, of the 30 participants, 10 (33%) who had had
similar exposures to the intervention were randomly recruited
from the pilot to constitute an FGD aimed at further refining
the relevant message components and helping to limit or
prioritize the number of topics included in the messaging app
as recommended [35]. Finally, 5 cognitive interviews with a
new set of women were conducted to further refine the updated
messages and maximize potential impact and sustained use by
rural pregnant women.

Data Analysis
We described demographic and clinical data for all qualitative,
iterative, and FGD interview participants using standard
descriptive statistics. Qualitative analysis began with repeated
review of the initial transcripts to identify relevant topics of
ANC care, as well as characterization of a preferred mHealth
app. Qualitative data were coded with the aid of the data
management software, NVivo (version 12.0; QSR International).
Coded data were iteratively reviewed and sorted to identify
repeated themes (topics) arising from the data. Themes were
generated using inductive content analysis [36]. The suggested
content consisted of descriptive labels that defined and specified
each theme (topic) meaning, along with illustrative quotes taken
from the qualitative interviews. Themes were harmonized to be

inclusive throughout all the development stages. Coding was
guided by questions about attitude, perceived importance,
usefulness, responsiveness, preliminary feasibility, experience
with the messaging app, and suggested changes. Negative,
positive, and neutral perceptions as well as attitudes were also
identified and coded. Data analysis was performed jointly by
ECA, GRM, and JN. Both JN and ECA double-coded 5 sampled
transcripts, yielding a Cohen κ of 0.796. Together with GRM,
we resolved disagreements until we were satisfied with the
consistency in our coding to generate a codebook. We aimed
at ensuring consistency in coding.

For the iterative interviews, data for frequency, timing, and
frequency of messaging during the iterative testing were
described using Stata software (version 12.0; StataCorp).

Ethics Statement
All personnel involved in the project had relevant training in
human subject research ethics. The study was reviewed and
approved by the institutional ethics review committees of
Mbarara University of Science and Technology and the Uganda
National Council for Science and Technology, Kampala,
Uganda. All consenting participants gave written informed
consent before study enrollment; in the case of those who could
not write, a thumbprint was obtained on the consent form as
approved by the ethics committees.

Results

Stakeholder Interviews
A total of 30 women participated in the formative qualitative
in-depth interviews. In addition, there were 3 iterative groups
of 10 women each (30 pilot participants), 1 FGD with 10 women
from the pilot, and 5 new individual cognitive interviews.
Ultimately, 75 women were separately involved in the
development, refining, and testing of the message content for
this app. The median age of the women interviewed was 28
(IQR 24-35) years. Of the 75 women who completed interviews,
39 (52%) had at least a primary education and 75 (100%) had
access to a mobile phone and previous experience with SMS
text messaging or receiving a phone call. Of the 75 women,
only 15 (20%) had access to an Android phone. All women
were able to receive and initiate an audio call. Of the 75 women,
62 (83%) were able to read and send SMS text messages in
English or Runyankole and 49 (65%) preferred both audio
messaging and SMS text messaging as a medium of message
delivery. Twice weekly (35/75, 47%) and weekly (34/75, 45%)
messages were preferred. Of the 75 participants interviewed,
48 (64%) preferred messages sent before 8 AM and 75 (100%)
preferred audio calls lasting 1-2 minutes. The rest of the
demographic characteristics are presented in Table 1.
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Table 1. Demographic characteristics of the study participants (N=75).

All participants

(n=75)a
Focus group discussion
(n=10)

Iterative interviews
(n=30)

Formative interviews
(n=30)

Characteristic

28 (24-35)27 (21-34)26 (21-34)26 (20-33)Age (years), median (IQR)

39 (52)4 (40)15 (50)12 (40)Education level >primary school, n (%)

75 (100)10 (100)30 (100)30 (100)Access to a mobile phone, n (%)

75 (100)10 (100)30 (100)30 (100)Experience with SMS text messaging, n (%)

15 (20)2 (20)7 (23)6 (20)Access to Android phone, n (%)

75 (100)10 (100)30 (100)30 (100)Able to receive and initiate phone call, n (%)

62 (83)7 (70)25 (83)25 (83)Able to read or send SMS in English or Run-
yankole, n (%)

Preferred medium, n (%)

13 (17)2 (20)4 (13)6 (20)SMS text messaging

13 (17)3 (30)4 (13)5 (17)Audio messaging

49 (65)5 (50)22 (73)19 (63)Both

Preferred frequency of audio messages or SMS text messages, n (%)

6 (8)1 (10)3 (10)2 (7)Daily

35 (47)4 (40)14 (47)15 (50)Twice weekly

34 (45)5 (50)13 (43)13 (43)Weekly

Preferred timing of the messages, n (%)

48 (64)6 (60)17 (57)20 (67)Before 8 AM

3 (4)1 (10)2 (7)0 (0)Between 8 AM and noon

10 (13)1 (10)4 (13)5 (17)Between noon and 8 PM

14 (19)2 (20)7 (23)5 (17)Between 8 PM and midnight

75 (100)10 (100)30 (100)30 (100)Preferred length of audio call: 1-2 minutes, n
(%)

3 (2-4)3 (2-4)3 (2-5)3 (2-4)Parity, median (IQR)

36 (48)4 (40)14 (47)16 (53)Household income ≥UGX 100,000 (US $
27.78)/month, n (%)

48 (64)6 (60)18 (60)17 (57)Antenatal care visits (≥4), n (%)

10 (6-12)10 (4-12)12 (6-18)10 (5-16)Number of people providing support, median
(IQR)

51 (68)7 (70)21 (70)18 (60)Choices for skilled delivery, n (%)

aIncludes 5 cognitive interviews.

In addition, 5 key HCPs (2 senior obstetricians—a man aged
44 years and a woman aged 39 years—and 3 experienced female
midwives aged 27, 38, and 55 years) were also purposively
identified and interviewed during the formative phase. Detailed
preliminary findings of these interviews have been documented
elsewhere [26,27].

Content Development
During data analysis, 34 topics were initially identified from
the formative qualitative interviews conducted with the women
and the HCPs. These topics included sexual health, mental
health, family planning, comorbidities, nutrition, exercising,
use of herbal medicine, ANC, pregnancy disorders, and normal
labor. In all, 20 topics were considered, having been suggested
by at least 50% (15/30) of the women interviewed, and 6 topics

were specifically identified by the interviewed HCPs as a critical
part of the health education framework during ANC visits as
per Uganda’s national guidelines, making a total of 26 topics
(Multimedia Appendix 2). These included birth preparedness,
facility-based delivery, male partner’s involvement, getting to
know your health worker or HCP interaction, immunization,
and caring for the baby. Appropriate content for SMS text
messaging and audio messaging was developed for these key
health education topics and embodied the 12 identified BCTTv1
components (Multimedia Appendix 2). All messages included
both prevention and promotional information. Additional data
from the formative interviews on barriers to, and facilitators of,
ANC attendance and skilled delivery had been already
documented [26,27].
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App Prototype Design and Development
The developed SMS text messages and audio messages were
uploaded onto the eBirth app platform in both English and
Runyankole. These initial messages created the first messaging
prototype. The message information could be dispensed in either
English or Runyankole, depending on the recipient’s preference.
A total of 26 audio messages and 26 SMS text messages were
developed. Each SMS text message was restricted to between
300 and 450 characters (sent as 2-3 separate but consecutive
messages, each consisting of 150 characters to avoid the splitting
of messages by the various small-screen phones possessed by
most of the women). Each audio message was no longer than
1 minute 30 seconds.

Prototype Pilot Testing

Overview
In the qualitative interviews, 5 themes emerged related to the
perceived intentions or goal of the app: attitude regarding
content, wording, format, and delivery; language; frequency;
length; and timing. The women identified 5 overarching app
features that would maximize its impact and intended benefits.
The app needed to provide (1) education and preparation, (2)
motivation, encouragement, and support, (3) customization and
connection, (4) easy-to-use interface, and (5) engagement and
empowerment.

Education and Preparation
All participants interviewed during the pilot and the FGD
indicated that the SMS text messages and audio messages
received directly on their phones were beneficial, especially for
first-time mothers-to-be or other inexperienced women who
needed to understand and learn important information about
pregnancy and childbirth. The women indicated that these
messages, which had been developed with the help of a trusted
and informed source, could reinforce the truth amid the limited
and divergent information obtained from peers or relatives in
their communities. According to these women, this timely
information could support them to confidently debunk
misinformation about pregnancy and childbirth over time. A
pregnant participant aged 21 years stated as follows:

We don’t get such accurate information from
anywhere other than what we usually hear from
people around us as we grow up.s..like every
pregnancy is the same, or like it’s normal or like you
don’t need to go to hospital which can be a big
problem...with these messages coming from a real
midwife, you get to learn a lot about pregnancy and
childbirth and add on the little information you know
and it’s very good.

Most women stated that twice-weekly or weekly SMS text
messages or audio messages were sufficient to communicate,
educate, and prepare them through their ANC journey. Some
preferred to receive messages at approximately 7 AM so as to
be able to read them at the start of the day and prepare mentally
during the day. Others preferred SMS text messages or audio
messages to be delivered to them at approximately 8 PM when
they were done with the day’s busy schedules that could have
distracted them and made them forget to read, internalize, share,

or discuss the messages with their significant others in real time.
The women thought that this timing could offer them ample
time to learn and discuss health matters with their significant
others and plan the next course of action appropriately. An
addition of a single midweek SMS text message reminder to
the app was preferred to support their near-monthly scheduled
ANC visits. The women suggested that additional SMS text
message reminders sent at least once a week to their significant
others (social networks) could help them to initiate or ease into
a discussion on the challenges they faced and the need to go to
hospital. It was indicated that stimulation of these discussions
could help the women to involve their significant others in
preparation for, and mobilization of, the help and support they
needed for timely access to professional care during the antenatal
period. A pregnant participant aged 31 years stated as follows:

I get so busy with work during the day and it’s in the
evening when I catch a break and read the messages
very well...my husband is even around by that time
so I can walk up to him and we talk about my needs
together on how to like go see a doctor together just
in case, so it’s good that way.

A postpartum participant aged 28 years added the following:

May be once weekly early in the morning. The
messages are great at the start or at the end of each
week...I would love it if my mother-in-law also gets
the message early like during the day so that in case
I get a problem, she already knows my situation and
can help me to go to hospital quickly since I do not
stay with my husband all the time.

Motivation, Encouragement, and Support
The iterative interviews indicated that the women preferred
messages that were both cautionary and encouraging. For
example, some women suggested delivery of messages
pertaining to the danger signs of a complicated pregnancy,
consequences of not presenting for ANC, or incompatible
sociocultural beliefs as some of the cautionary information that
motivated them to actively examine themselves after reading
each message. Other women indicated that cautionary or
warning-based messages sounded surreal, had a lingering effect,
and often forced them to quickly seek professional care as
planned or as soon as these danger signs were noticed. A
postpartum participant aged 34 years stated as follows:

These messages sound so surreal but, at the same
time, force you to watch out in case you are not
feeling well. They can wake you up and force you to
go to hospital...I tried by all means to check myself
all the time I received them to make sure my pain
during this pregnancy was not in vain.

All the women preferred positive messages whose tone was not
authoritative and that offered encouragement. Negative,
rebuking messages were said to be discouraging, redundant,
annoying, and emotionally draining, especially if the recipients
found themselves in a situation where they had no physical or
financial support to help them take action. All the women also
preferred messages that were expressed in a friendly tone. A
pregnant participant aged 25 years stated as follows:
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That call leaves a lingering memory and a lasting
impression on me from the lady who talks to me on
phone, it’s as if listening to someone I’m familiar with
already...I mean, no one hates a good message that
motivates them to do good. It’s your life alright, but
you need someone to encourage you to keep going
like doing the right thing, you know, so you look
forward to getting another one and learn from it. It’s
exciting.

The iterative interviews indicated that the women felt that the
regular, continual information was a source of comfort and
emotional support, which was provided by people they perceived
as someone who cared about their well-being. Some women
referred to the messaging app as a reliable “pregnancy
companion” that helped them “navigate through their
pregnancy.” Other women reported that the SMS text messages
and audio messages gave them a sense of excitement and
confidence knowing that “someone is watching over” them as
they prepared to receive a new baby. An expectant participant
aged 18 years stated as follows:

I get to hear encouraging messages and compare with
how I feel there and then from someone who clearly
understands these things and is also willing to
navigate through this pregnancy journey with
me...with these messages coming through every week,
we know someone is watching over us and we always
look forward to the next message.

A postpartum participant aged 30 years added the following:

These messages made me feel as if someone out there
cared about me and my baby. Anyone would really
love that because it’s like you have a pregnancy
companion who knows you so well and moves with
you along this difficult journey. Deep down you know
you will make it so you are encouraged.

Customization and Connection
Customized reminders or SMS text messages that delivered a
caring message were preferred to plain default messages,
reflecting users’ need to be included, connected, and related to
the program as desired. Participants reported that the addition
of SMS text message reminders improved their attitude toward
formal care by providing a responsive and caring connection to
the health system. A postpartum participant aged 28 years stated
as follows:

A message like, hi XX [name], your life is very
important to us, we are reminding you to go for your
scheduled ANC visit in time to avoid problems during
your pregnancy and childbirth...It shows someone
cares. It’s short but such a message makes you feel
good and connected to your midwife.

Most women revealed a preference for audio messages whenever
possible because they provided a clearer flow of information
or instructions at one go. However, many women indicated that
they missed some audio messages and were unable to retrieve
them, unless they called back, which would cost them. However,
the system also provided them an interactive feedback
mechanism that participants could use to request the caller to

repeat the current or previous messages and listen in as long as
they desired using a designated number and a numeric key. The
interviews revealed that missed calls tended to occur when
women encountered unforeseeable events such as parties or
burials where they could not answer their phones for fear of
embarrassment or when their phones were in silent mode. Other
occurrences included dead batteries, lost phones, and poor or
no network, which affected the delivery of messages. However,
unlike audio calls, SMS text messages could be delayed but
eventually came through once the participants charged their
phones, revived an active SIM card, or entered an area with
network coverage. To resolve this, the women suggested both
audio- and SMS text message–based delivery media, a call-in
number to report such challenges, an option to provide an
alternative SIM card number with better network, and an option
to provide contacts of people within their social network who
could agree to receive messages on their behalf or call them to
the phone whenever they are nearby. The component of social
networks was further expressed as important for improving the
continuity of such messaging interventions in this setting. A
postpartum participant aged 21 years observed as follows:

One can get both calls and SMS, or get a number to
call you in case their phone is stolen, has problems
or something else...we can even give you other
numbers of the people we live with at home or nearby
who can reach us and deliver the messages in case
anything happens. That way, we can stay connected.

An expectant participant aged 35 years added the following:

It’s good because I can call back in case I missed the
call or make it repeat as many times if I did not
understand anything...although I am charged some
money to call in, I am sure I have got the right
information and support whenever I need it.

A strong interest was expressed by the women, especially those
who owned Android phones, to be able to connect and interact
with other pregnant women and with their HCPs. According to
these women, such a platform could help them share their
ongoing challenges and lean on, and get support from, their
providers or colleagues who have had the same experiences in
real time. A postpartum participant aged 26 years stated as
follows:

For example, I could see blood for example and be
lazy to go to hospital for checkup or something, and
women out there on the platform could share their
lived experience and push you to go quickly...or like
send you alternative contact of a midwife near you,
such kind of thing. I think it’s very good to get people
in your condition to connect and interact with all the
time.

Easy-to-Use Interface
All the women reported that they were able to receive SMS text
messages or audio calls easily. When the app was modified to
offer different choices of audio messages or SMS text messages
to fit individual needs, SMS text messaging was mostly
preferred by women who could read and write. However, some
participants thought that SMS text messages became redundant
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over time and instead preferred phone calls. The women
observed that SMS text messaging was ideal for delivering
short, concise, actionable information; therefore, a good, relevant
and comprehensive message required to be split into 2-3 SMS
text messages, each restricted to 150 characters, to maintain the
richness of the intended information. However, the women
reported that these messages sometimes came through in the
wrong sequence because of network issues. Women who were
unable to read preferred audio calls as an easier option because
they cover the same information clearly in less than 1 minute.
However, the women were also able to share SMS text messages
with other people in their social networks who could read and
interpret messages for them, a possible indicator that both
options could be considered to reinforce information transfer
and use among women in similar settings. An expectant
participant aged 19 years stated as follows:

I love calls a lot because you get to listen from a real
person clearly and it feels real...A phone call is also
easy to receive and just listen quickly in your local
language...I always take the [SMS] message to my
husband or friends to read for me and so it’s also
good because they explain to me everything...but I
get lazy and they get boring like after some time and
confusing like if they are so long and one part [of the
SMS] doesn’t come properly or is missing...but a
phone call is always clear, is brief and is hard to
ignore since someone takes their time to think about
you and call to encourage you.

Engagement and Empowerment
The way the message content was delivered was very important
to the end users and, as such, enabled the women to continuously
engage with the program. They described a need for message
content that emotionally connected them to the messenger. The
message content delivered by the great messenger was viewed
as liberating and empowering because of its ability to fulfil an
existing need and desire for alternative and accurate information
received directly on their personal or accessible phones. As
such, SMS text messages were often stored and reviewed not
only as future reference material for themselves, but also for
peers who needed support and with whom they shared this
material. Some women were enthusiastic about audio messages,
which were thought to provide more clarity, enabling them to
understand and internalize the messages faster and better. Other
women preferred both. The women indicated that the delivery
of clear messages was important in improving understanding,
engagement, and encouraging prolonged use. For example, a
postpartum participant aged 31 years stated as follows:

The caller is very good. She’s very clear in explaining
things, she makes you understand everything, I mean
such words like aka-TV [ultrasound scan]...she
explains many issues in such a short time so well, and
you can press and listen again or call for more
clarification if you want...you get to learn a lot and
teach others...It’s encouraging to know that she
understands us very well and I like her a lot.

A postpartum participant aged 24 years added the following:

It is very liberating to know you have this information
from your musawo [health worker] sent directly on
your phone at all time. I can keep the messages, read
them again and can share them with my friends as
much as they need it. I like it a lot.

The arrival of messages was seen as an ongoing reminder to
stay alert and keep examining themselves, and this had the
potential to help women to respond and make better choices as
and when necessary. An expectant participant aged 27 years
stated as follows:

These messages help a lot and keep you alert and
informed. Every message is like a reminder for me to
immediately check on a few things, like how I feel and
see how I am doing right then and like quickly decide
on what to do in case I am in trouble.

This information and feedback was used to modify the audio
messaging and SMS text messaging app. The final messages
made up a message bank for future evaluation to assess
feasibility, acceptability, and preliminary efficacy to influence
the initiation and use of maternity care services.

Discussion

Principal Findings
We developed a novel patient-centered SMS text messaging
and audio messaging app to support women to use maternity
care services in rural southwest Uganda. We found that
involving end users, including providers and health care users,
in developing and formulating a messaging intervention gave
the women a sense of ownership and inclusiveness in the app
development process. The women identified 5 overarching app
features. The app needed to provide education and preparation;
motivation, encouragement, and support; customization and
connection; easy-to-use interface; and engagement and
empowerment. We therefore designed and developed a novel
patient-centered and customized SMS text messaging and audio
messaging app to engage rural women in southwestern Uganda
and communicate important targeted health-related information
to support them during pregnancy. Our pilot data support a
potential role for messaging apps as a complementary approach
to face-to-face health education encounters, especially when
the apps are well packaged and tailored to suit the end users’
needs and preferences. We now plan to evaluate the intervention
formally in a randomized clinical trial in the next phase of the
app development process.

Prior studies have reported improved acceptability and
sustainability of mHealth interventions when the apps involved
individual participation and also involved end users in the initial
stages of the design process [22,24,37-39]. Other scholars have
documented the beneficial effect of customizing the app to
improve engagement and education in the general population
[33]. In these studies, individual needs, goals, expectations,
intentions, and preferences needed to be addressed to enable
active engagement with the app. Our app was developed with
the involvement of multiple stakeholders, including end users,
HCPs, and health and technology experts. Our analysis
reinforces these findings, particularly among women who
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expressed a great desire for relevant and customized mHealth
apps and content that educates, prepares, motivates, encourages,
and supports them during pregnancy. We developed customized
messages tailored to these end-user preferences for this
intervention and opted for a standardized automated messaging
program to ensure delivery of regular health information directly
to users’phones. This approach helped women to stay connected
and motivated, and they would refer to the intervention as a
“pregnancy companion.”

We used an iterative approach to develop, test, and deliver a
user-driven app that was considered appropriate for a largely
non-Android user community to improve utility, usability,
desirability, and uptake. This was in line with previous studies
that found SMS text messaging language, medium of message
delivery, experience with similar technology, phone type, and
characteristics to be critical in designing and delivering a
culturally appropriate mHealth program that is consistent with
the way people are already using the promoted technology
[37,39]. The creation of an intervention that was compatible
with local mobile phone types and the provision of varying
delivery media for both literate and illiterate individuals to
receive or access credible information support from the system,
keep it for future reference, or share it with family and
significant others directly on their regular phones seemed to
shape the users’ perception of the intervention’s usefulness. We
will next assess the impact of this iterative design approach
through a planned randomized clinical trial and, if successful,
through programmatic implementation to evaluate its influence
on health outcomes and adoption in practice.

The end users identified key technical and design preferences
and challenges of the mHealth app related to the timing and
frequency of messaging, unreliable phone batteries, network
issues, and lost phones. The women often chose weekly SMS
text message reminders, possibly because scheduled ANC visits
are near-monthly, and 2 promotional or cautionary messages at
the beginning and end of each week as sufficient without causing
unnecessary burden. According to previous scholars, this
establishment of different preferences regarding timing and
frequency helps to avoid unnecessary repetition, technology
fatigue, and boredom, making the messaging intervention an
acceptable tool to deliver health promotion content [40]. Shaw
et al [40], however, observed that sending messages at the same
time of the day could reduce the value that participants accord
the messages and reduce the frequency of responses. The timing
of messages at the start and end of the day were therefore varied
over the course of the program but fixed at the beginning and
end of the week as preferred to mitigate network and battery
issues. The women in our pilot interviews additionally suggested
providing an option to register both numbers of a dual SIM card
mobile phone or to provide other contact numbers in their social
networks, with consent, to receive reminders and messages as
an alternative means to improve network connectivity,
continuity, and reliability, as well as minimize the issue of
missed messages because of network, phone, and battery issues
apparent in this setting. In line with previous studies [23], the
involvement of significant others in the pilot seemed to facilitate
messaging continuity and encourage women to initiate important

health discussions, enabling mobilization of needed resources
and support for timely access to maternity care.

Our study included a number of strengths. We involved both
providers and health care users in developing a user-friendly,
culture-consistent, patient-centered automated SMS text
messaging and audio messaging app to stimulate, encourage,
and support rural women in southwestern Uganda to use
maternity care services. This study also documents women’s
expectations, experiences, perceptions, and choices of an
mHealth-based technology that would benefit and support them
in their local communities, subject to the standard limitations
of network challenges as well as mobile phone ownership and
type in the region. We developed a total of 26 audio messages
(based on the 26 identified ANC topics), delivered in messages
restricted to 150 characters per message to suit the different
phone types accessed by women in this community. This stepped
and multidisciplinary approach can inform the design and
implementation of other novel patient-centered interventions
that aim to reinforce ownership, engagement, inclusiveness,
and uptake in a program operating in local communities. Our
study also demonstrates a potential approach that can be used
to complement face-to-face education encounters by
communicating important targeted health-related information
that is beneficial and offers informational and emotional social
support to rural women through a novel automated audio
messaging and SMS text messaging app. We used
well-established conceptual frameworks to characterize and
develop message content for this app, helping to make the
findings more grounded, acceptable, meaningful, and
generalizable.

This study also included some limitations. Our approach of
using conceptual frameworks may have limited considerations
of key variables, which may have influenced our direction and
content of interest. There is therefore a need to assess how these
specific variables differ under different settings or
circumstances. Most of the people in our study setting are from
a less affluent or less educated background, and they are not
smartphone users, which imposes limits on internet access
despite improved internet penetration through local mobile
phone companies. As such, the messaging content and delivery
medium were developed to suit current phone access and
characteristics in similar settings and thus might not be
generalizable to other settings with higher literacy or smartphone
use. We were not able to develop a platform to enable direct
and automated feedback and affirmation on self-goal attainment
targets, an approach likely to motivate long-term use [33].
However, the ability of our app to engage with social networks
and HCPs was anticipated to help women continuously share
their experiences concerning their milestones, challenges, and
goal attainments. Sharing such successes for others to
acknowledge and learn from their own accomplishments has
been documented to exceptionally motivate app users [33]. We
did not assess for feasibility and acceptability of the messages
in this particular work. The final version of the app is currently
undergoing a pilot clinical trial to document feasibility,
acceptability, and preliminary efficacy.
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Conclusions
Our study describes a process for developing and testing a novel
user-friendly, patient-centered mHealth-based messaging app
suitable for rural women in southwestern Uganda. We have
demonstrated an iterative approach with diffuse stakeholders
to develop a customized, automated, patient-centered audio
messaging and SMS text messaging app designed to
communicate important targeted health-related information and
support rural pregnant women in southwestern Uganda.

Involving both HCPs and end users in developing and
formulating the mHealth intervention allowed us to tailor the
intervention characteristics to the women’s preferences, thus
giving them a sense of ownership and inclusiveness in the
program. This approach supports a potential role for messaging
apps as a complementary approach to face-to-face health
education encounters. Our next step is to evaluate the
intervention in a pilot clinical trial to assess its larger-scale
feasibility, acceptability, and ability to affect health outcomes.
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Abstract

Background: In a previous study, a prototype mobile health (mHealth) app was co-designed with patients, family physicians,
and researchers to enhance self-management and optimize conservative management for patients with mild to moderate knee
osteoarthritis (OA).

Objective: This study aims to evaluate the overall usability, quality, and effectiveness of the mHealth app prototype for aiding
knee OA self-management from the perspectives of patients with OA and health care providers (HCPs).

Methods: Using methods triangulation of qualitative and quantitative data, we conducted a pilot evaluation of an mHealth app
prototype that was codeveloped with patients and HCPs. We recruited adult patients aged ≥20 years with early knee OA (n=18)
who experienced knee pain on most days of the month at any time in the past and HCPs (n=7) to participate. In the qualitative
assessment, patient and HCP perspectives were elicited on the likeability and usefulness of app features and functionalities and
the perceived impact of the app on patient-HCP communication. The quantitative assessment involved evaluating the app using
usability, quality, and effectiveness metrics. Patient baseline assessments included a semistructured interview and survey to gather
demographics and assess the quality of life (European Quality-of-Life 5-Dimension 5-Level Questionnaire [EQ-5D-5L]) and
patient activation (patient activation measure [PAM]). Following the 6-week usability trial period, a follow-up survey assessed
patients’ perceptions of app usability and quality and longitudinal changes in quality of life and patient activation. Semistructured
interviews and surveys were also conducted with HCPs (n=7) at baseline to evaluate the usability and quality of the app prototype.
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Results: Interviews with patients and HCPs revealed overall positive impressions of the app prototype features and functionalities
related to likeability and usefulness. Between the baseline and follow-up patient assessments, the mean EQ-5D-5L scores improved
from 0.77 to 0.67 (P=.04), and PAM scores increased from 80.4 to 87.9 (P=.01). Following the 6-week evaluation, patients
reported a mean System Usability Scale (SUS) score of 57.8, indicating marginal acceptability according to SUS cutoffs. The
mean number of goals set during the usability period was 2.47 (SD 3.08), and the mean number of activities completed for knee
OA self-management during the study period was 22.2 (SD 17.8). Spearman rank correlation (rs) calculations revealed that the
follow-up PAM scores were weakly correlated (rs=−0.32) with the number of goals achieved and the number (rs=0.19) of activities
performed during the 6-week usability period. HCPs reported a mean SUS score of 39.1, indicating unacceptable usability.

Conclusions: This evidence-based and patient-centered app prototype represents a potential use of mHealth for improving
outcomes and enhancing conservative care by promoting patient activation and patient-HCP communication regarding OA
management. However, future iterations of the app prototype are required to address the limitations related to usability and
quality.

(JMIR Form Res 2021;5(11):e30495)   doi:10.2196/30495

KEYWORDS

mobile health; mHealth; app; self-management; osteoarthritis

Introduction

Background
Osteoarthritis (OA) is the most common form of arthritis and
a leading cause of disability worldwide [1]. Current management
strategies for knee OA largely target symptom control with the
primary aim of reducing pain, improving function, and delaying
the need for surgical intervention [2]. There are currently no
disease-modifying therapies for OA, and existing
pharmacological treatments for targeting symptoms are largely
ineffective [3,4]. Nonpharmacological interventions such as
exercise, weight management, and patient education have been
shown to be effective in reducing OA-related pain and disability
[5,6].

OA Self-management
The latest clinical guidelines for OA recommend
self-management, including health education and goal setting,
as the core treatment alongside nonpharmacological and
pharmacological treatments [7,8] when used as a supplement
to medical care [9]. In the context of chronic disease
management, goal setting and action planning have been found
to improve self-efficacy, encourage behavioral change, and
improve health outcomes [10-12]. Educational interventions,
when delivered alongside exercise and weight loss programs,
have also been shown to lead to better treatment adherence,
reductions in pain, better self-management, and improved quality
of life [13]. OA self-management tools can have an important
impact on improving the delivery of interventional programs
targeting patient education [14] and behavioral modification
[15] and can also influence the effectiveness of patient–health
care provider (HCP) communication and shared decision-making
[9,16]. As such, acceptance and adoption of mobile health
(mHealth) strategies for self-management can help improve
health outcomes, reduce costs to the health care system, and
encourage patients to take a more active role in improving their
health.

mHealth Apps
mHealth apps have shown promise in supporting patient
self-management of health conditions, especially for chronic
diseases that require long-term care and maintenance [9].
However, barriers to the adoption and use of mHealth
technologies have been identified. First, the lack of user-centered
designs integrating patients’ needs and preferences intercepts
the adoption of and sustained engagement with such mHealth
technologies [9,17]. Second, there has been a lack of formal
mHealth evaluations to date [18,19], raising concerns about the
safety and effectiveness of mHealth technologies [20,21]. Our
understanding of the effectiveness of mHealth apps in supporting
self-management and their impact on patient-reported outcomes
in adults with knee OA remains in its early stages. Thus, there
is both a need to fill the gap in the availability of mHealth apps
for knee OA management and provide a framework to evaluate
mHealth apps targeting OA self-management driven by the
priorities and feedback of target users.

Objectives
In our previous work, we explored the perspectives of end users
on an mHealth app for knee OA self-management, leading to
the co-design of an app prototype aimed at facilitating
self-management and improving patient–physician
communication [22,23]. The resulting app reflected a consensus
of patient and HCP priority functional requirements, achieved
through co-design. In this study, the overarching objective is
to evaluate the app from both patient and HCP perspectives
using qualitative and quantitative assessments. The primary
aims of the 2-part patient evaluation are to assess the app by its
(1) overall usability and quality, (2) ability to improve patient
self-management behavior (goal setting and activity completion),
and (3) effectiveness in improving quality of life, patient
activation, and patient-HCP communication. The primary aim
of the 1-time HCP evaluation is to assess the overall usability,
quality, and perceived impact on patient-HCP communication.
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Methods

Overview
We used a combination of qualitative and quantitative methods
and triangulated data for increased rigor to evaluate the app
features and functionalities from patient and HCP perspectives.
Details on the main features and functionalities included in the
app, which were determined in preceding co-design sessions,
are summarized in Textbox 1. The app was assessed at baseline

by patients and HCPs using semistructured interviews and
surveys, followed by a 6-week usability period and a final
follow-up survey evaluation for patients only. This study was
reviewed and approved by the University of Calgary research
ethics board (REB16-1372). Privacy and confidentiality of data
were maintained throughout all phases of the study. All personal
identifying information was stripped from interview documents
and recruitment materials, and all the data were deidentified
and stored in a password-protected electronic file on secure
servers at the University of Calgary.

Textbox 1. Functionalities associated with each feature of the final mobile health app prototype.

Symptom tracking (dashboard)

• Symptoms are tracked on the following dimensions: pain, stiffness, and functional limitation.

• Data on symptoms gathered from the patients were evaluated according to a threshold-based approach based on the Western Ontario and McMaster
Universities Osteoarthritis Index criteria.

Goals

• Patients prospectively identify goals from a set list of categories (exercise and activity, pain reduction, and weight loss).

• Goals are further delineated into customized activities using the specific, measurable, attainable, relevant, and time-based goal-setting schema.

• Goals and activities can be tracked over a limited or continuous period.

Activities

• Activity is tracked on the following 2 dimensions: (1) activities related to goal setting (eg, linked to favorite activity, such as golf or biking) and
(2) exercise (evidence-based recommendations from a physiotherapist or other health care provider)

• Activity categories provided were aerobic activity, aquatic activity, muscle strengthening, and others.

Red flags

• Red flags can be identified by patients in a journal-like manner, including any experienced symptom or activity-related difficulties that users
may wish to discuss with their health care providers.

• Red flag categories provided were infection, trauma (eg, fracture), persistent inflammation, warmth, swelling or persistent pain, low mood,
activity avoidance, or others.

Resources

• The summary of evidence-based self-management resources for knee osteoarthritis self-management was defined by 3 main headings: (1)
information for self-management, (2) exercise therapies, and (3) guidance for goal setting.

Patient Evaluation

Recruitment
Patients were recruited in partnership with the Arthritis Alliance
of Canada and the Alberta Strategy for Patient-Oriented
Research Support Unit (16/18, 89%) to capture a range of patient
perspectives. We also recruited those who were included in
preceding co-design sessions and expressed interest in
participating (2/18, 11%). Adults aged ≥20 years with early
knee OA and who experienced knee pain on most days of the
month at any time in the past were eligible to participate. Patient
participants completed a baseline (week 0) semistructured
interview and survey evaluation, followed by a 6-week usability
period and final (week 6) follow-up survey evaluation.

Qualitative Evaluation
Patients were provided with a weblink to the app 1 week before
the launch of the baseline evaluation to allow them sufficient
time to familiarize themselves with the main app features

(dashboard and symptom tracking, goals, activities, red flags,
and resources). At baseline, research team members (JM and
ST) from the Patient and Community Engagement Research
(PaCER) facilitated semistructured talk-out-loud interviews
with patient participants, which served as an orientation to the
app features and functionalities. The interview guide for the
qualitative evaluation can be found in Multimedia Appendix 1.
Interviews were conducted via telephone or in person depending
on the patients’ preferences and were audio recorded for
subsequent validation. The main objective of the baseline
interview was to elicit patients’ initial impressions of the app
related to user experience. Patient perspectives on the 5 main
app features were elicited on the following parameters: (1)
usefulness, (2) ease of use, (3) contribution to OA knowledge,
(4) self-management potential, and (5) perceptions of the impact
on patient-HCP communication. With the goal of summarizing
the patient experience when using different app features [24],
PaCER researchers subsequently used descriptive analysis to
generate a compilation of descriptive statements that reflected
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the scope of responses for each of the 5 main app features. The
descriptive statements were summarized using the following
headings: likeability, usefulness, areas lacking and suggestions,
and usability.

Quantitative Evaluation
Patient-reported measures related to app evaluation were
collected using surveys administered at baseline and follow-up.
The baseline survey collected information on patient
demographics, history of OA symptoms and risk factors, quality
of life, self-management behavior, and patient activation.

This baseline assessment was followed by a 6-week pilot trial
in which patient metadata, including number of goals set and
number of activities, were captured from direct inputs into the
app and frequency of daily use. The follow-up survey collected
information on perceived app usability and quality and
reassessed postpilot quality of life and patient activation.

HCP Evaluation

Recruitment
HCPs (n=7) were recruited through our primary care research
partners, Enhancing Alberta Primary Care Research Networks
and Accelerating Change Transformation Team (ACTT), using
purposive sampling [25]. Enhancing Alberta Primary Care
Research Networks and ACTT invited HCPs who represented
the early majority, defined as the first sizable group of providers
to adopt an innovation after it has been established by early
adopters [26]. Participating HCPs included those who partook
in the preceding co-design sessions (5/7, 71%) and those
recruited via existing relationships with practices and primary
care networks (2/7, 29%).

Qualitative and Quantitative Evaluations
The HCP assessment involved a 1-time evaluation comprising
a semistructured interview and survey (see Multimedia
Appendix 2 for the interview guide). During the interview
component, 1 researcher from ACTT explored the app with the
HCP and, using the think-aloud method [27,28], elicited their
views on the clinical utility of the app, with emphasis on the
perceived impact on patient-HCP communication. Interviews
took place over the phone at a time of the HCP’s choosing, were
approximately 45 minutes in length, and were audio recorded
for subsequent analysis. The audio recordings were not
transcribed but used later to validate the notes taken during the
call. At the time of the interview, both the researcher and the
HCP had access to the app to navigate its functions together.

HCPs also completed a questionnaire to measure their
perceptions of the app’s usability and quality.

Evaluation Measures
Surveys were administered to patients at baseline and follow-up
to evaluate changes in patient-reported outcomes over the course
of the 6-week pilot trial. At the baseline patient evaluation, data
were captured on demographics, knee symptoms, OA risk
factors, quality of life, and patient activation. Quality of life
was assessed using the European Quality-of-Life 5-Dimension
5-Level Questionnaire (EQ-5D-5L), a preference-based measure
for describing and evaluating health, covering 5 dimensions
(mobility, self-care, usual activities, pain or discomfort, and
anxiety or depression) scored on a 5-point Likert scale [29].
The 10-item Patient Activation Measure (PAM-10) was
administered to patients at week 0 and week 6 to provide a
measure of patient activation, defined as a person’s knowledge,
skills, and confidence related to managing their own health [30].
The PAM-10 was designed to minimize the response burden
from its 13-item successor, the PAM-13, and has been reported
to have comparable levels of consistency and reliability with
the PAM-13 [31]. The PAM provides a measure of a patient’s
engagement in self-management of their disease and thus
enables change in patient activation to be monitored between
baseline and follow-up evaluations.

At the patient follow-up evaluation, the EQ-5D-5L and PAM
tools were re-administered along with additional measures
assessing perceived app usability and quality. App usability
was measured using the System Usability Scale (SUS), a
well-established psychometric tool used worldwide with high
levels of reported validity and reliability [32]. App quality was
assessed using the App Chronic Disease Checklist (ACDC), an
expert opinion–based checklist developed to evaluate the
usability of chronic disease apps for monitoring,
self-management, and behavioral change [33]. Finally, 2 sections
(app subjective quality and app-specific quality) from the Mobile
App Rating Scale (MARS) were used to provide an objective
rating of perceived app quality [34], with each question
measured on a 5-point Likert scale. However, it should be noted
that not all sections from the ACDC and MARS tools were
included in the assessment, as they included dimensions beyond
the scope of the app prototype features (eg, gamification).

During the 1-time evaluation with HCPs, the SUS and MARS
measures were used to assess perceived app usability and
quality, respectively, from the provider perspective. Further
details on each survey instrument used in the pilot testing
evaluation are included in Tables 1 and 2.
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Table 1. Description of measures used for qualitative evaluation of the app prototype throughout the 6-week pilot trial.

Method of elicitationHCPsa at
baseline

PatientsMeasurement

Follow-upBaseline

Semistructured talk-out-loud interview; see Multimedia Appendices 1
and 2 for patient and HCP qualitative interview guides, respectively, and
Multimedia Appendices 3 and 4 for qualitative reports from qualitative
interviews for patients and HCPs, respectively

✓✓Likeability, usefulness, areas
lacking or suggestions, and
usability

Semistructured talk-out-loud interview; see Multimedia Appendices 1
and 2 for patient and HCP qualitative interview guides, respectively, and
Multimedia Appendices 3 and 4 for qualitative reports from qualitative
interviews for patients and HCPs, respectively

✓✓Enhancing patient-HCP
communication

Semistructured talk-out-loud interview; see Multimedia Appendices 1
and 2 for patient and HCP qualitative interview guides, respectively, and
Multimedia Appendices 3 and 4 for qualitative reports from qualitative
interviews for patients and HCPs, respectively

✓Increasing OAb knowledge

Semistructured talk-out-loud interview; see Multimedia Appendices 1
and 2 for patient and HCP qualitative interview guides, respectively, and
Multimedia Appendices 3 and 4 for qualitative reports from qualitative
interviews for patients and HCPs, respectively

✓Improving OA self-manage-
ment

aHCP: health care provider.
bOA: osteoarthritis.
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Table 2. Description of measures used for quantitative evaluation of the app prototype throughout the 6-week pilot trial.

Scoring methodsValidated
tool

HCPsa at
baseline

PatientsMeasurement and
instrument

InterpretationMethodsFollow-upBaseline

Quality of life

Index scores range from –0.15 to 0.95
using the Canadian value set, where

The EQ-5D-5L measures HRQoLd on
5 dimensions (mobility, self-care, usual

✓✓✓cEQ-5D-5Lb

low scores correspond to higheractivities, pain or discomfort, and anx-
HRQoL, and high scores correspondiety or depression). The health state of
to lower HRQoL; MIDsf, which is theeach participant is determined (series
minimum important change in EQ-5D-of 5 numbers corresponding to individ-
5L, scores are determined for specificual selections for each dimension) and
patient populations and used to inter-then converted to an index score using
pret EQ-5D-5L scores (MID for degen-
erative knee population=0.20).

a value set generated by and validated

for the Canadian population.e

Patient activation

A raw PAM score is calculated by
summing responses for all 10 PAM

✓✓✓PAM-10g • PAM score ≤47.0: people tend to
be overwhelmed and unprepared
to play an active role; they arequestions for each respondent (scored
predisposed to be passive recipi-on a 4-point Likert scale, where
ents of care.1=nonactivated and 4=highly activated)

and dividing the sum by the number of • PAM score 47.1-55.1: individuals
lack knowledge and confidencequestions completed; mean PAM

scores are converted to activation for self-management.
scores (scale from 0 to 100) using an
empirically derived calibration table.

• PAM score 55.2-67.0: people are
beginning to take action but may
still lack confidence and skills to
support new behaviors.

• PAM score ≥67.1: people have
confidence and perform adequate
behaviors but may not be able to
maintain them in the face of

stress.h

App usability

SUS score above 51 is interpreted as
okay, with low marginal acceptability

For each of the 10 questions scored on
a 5-point Likert scale, raw scores were

✓✓✓SUSi

ranges; a SUS score >72 is consideredobtained as follows: for odd-numbered
acceptable, with good usability levels;questions, 1 was subtracted from the
and a SUS score >85 corresponds to

excellent usability levels.j
response value; for even-numbered
questions, the response value was sub-
tracted from 5; raw scores were convert-
ed to percentile ranks to map the raw
SUS results to values calibrated from
446 studies, including >5000 individual
SUS responses.

App quality

No official scoring mechanism used;
reported response frequencies

MARS provides an overall mean score
(each question yields a score from 1 to
5) for different dimensions (quality,

✓✓MARSk

functionality, esthetics, and informa-
tion) of a mobile app. Only specific
sections were included; section E con-
tains 6 questions scored on a 5-point
Likert scale, whereas section F contains
4 questions scored on varying scales.

No official scoring mechanism used;
reported response frequencies

A total of 14 questions are scored on a
Likert scale from 1 to 3; only a subset
of the relevant questions was extracted

✓ACDCl

from the more comprehensive ACDC
survey.
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aHCP: health care provider.
bEQ-5D-5L: European Quality-of-Life 5-Dimension 5-Level Questionnaire.
cQuantity evaluated.
dHRQoL: health-related quality of life.
eBilbao et al [29].
fMID: minimal important difference.
gPAM-10: 10-item Patient Activation Measure.
hTitova et al [35].
iSUS: System Usability Scale.
jBangor et al [36].
kMARS: Mobile App Rating Scale.
lACDC: App Chronic Disease Checklist.

Data Analysis
Descriptive statistics were computed for instruments measured
only once at the baseline and follow-up assessments, including
demographic characteristics, app usability (SUS), and app
quality (MARS and ACDC), reporting the mean and SD or
frequency and percentage where appropriate. Because of the
small sample size, normality assumptions were not met; thus,
nonparametric methods were used for all subsequent analyses.
Wilcoxon matched-pairs signed-rank tests were performed to
compare outcomes measured at both baseline and follow-up
(PAM and EQ-5D-5L), including P values. In addition, app
user metadata collected during the 6-week app usability period
were exported, including the frequency of goal setting and
activity completion. Spearman rank correlations (rs) were used
to evaluate correlations between patient activation (as measured
by the PAM), number of goals set, and number of activities
completed for knee OA management, with correlations <0.20
considered negligible [37].

For the descriptive thematic analysis, PaCER researchers
generated descriptive statements for each app feature that

reflected the scope of the responses. Key messages were then
extracted and summarized using inductive coding [38]
(Multimedia Appendix 3). The notes taken during the HCP
interviews were organized according to participants, questions,
and app features. Using the audio recordings, the notes were
then expanded upon and validated to ensure that they accurately
represented the perspectives of participating HCPs. Once all
interviews were completed, primary care researchers from
ACTT compared similarities and differences in HCP responses
and summarized the findings into descriptive categories by each
app feature.

Results

Patient Evaluation

Qualitative Component
The main messages of the qualitative report generated by the
research team members from PaCER (JM and ST) are
summarized in Table 3. The corresponding detailed summary
of the descriptive statements can be found in Multimedia
Appendix 3.
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Table 3. Summary of patient feedback from qualitative assessment at baseline (N=18).

Implications for the patient–HCPa visitAreas lacking and suggestions for improvementApp feature and areas of high likeability and usability

Dashboard

••• Considered the feature that would be most
likely to improve communication with
HCPs—prompts patients to discuss issues
such as pain and impact on activity levels

Should provide option for adding notes
to symptom inputs

Provides a clear overall picture of the pa-

tient’s knee OAb

• Include reminders prompting patients to
enter their symptoms and ability to enter
data retrospectively

• Creates visual prompts around issues that
patients may want to discuss with their
HCP, such as pain in relation to activity
levels

• Receptiveness of HCPs was considered a
limiting factor• Text should be enlarged for easier reading

• Likely to improve knowledge of OA—al-
lows patients to moderate symptoms and
identify limits

Goals

••• Not considered a useful feature as patients
do not typically discuss goals with their
HCP

Goals were considered likely to work for
activity and exercise, less so for symptom
management

Intuitive and simple to use
• Useful for encouraging patients to set goals

(particularly for those who set goals infre-
quently); helpful for self-management • Addition of reminders and a built-in re-

ward system would be helpful
• Should include a notes feature so that pa-

tients can enter specifics on what was
done to achieve goals

• Should link pain reduction goals to re-
sources (less of a goal than an outcome)

Activities

••• Not identified as a useful feature for
communication with HCPs

Feature needs more specificity; should
expand categories, for example, add dura-
tion to aerobic activities

Easy to update, plot, and review activities;
liked the calendar view

• Helpful to remind patients to complete ac-
tivities • Present information as bullets and enlarge

the font size
• More detailed instructions on how to use

the activity feature
• Some overlap between activity categories

(eg, aquatic and aerobic exercise)
• Link to exercise resources

Flags

••• Helpful to note what patients would like
to discuss with their HCPs

Improve specificity of flags—expand the
list of categories so they are more specific

Provides important visual link to activity
avoidance

••• Patients expressed that their HCPs may
not be keen on using this feature

Add ≥1 descriptor per flag for improved
specificity (eg, pain, low mood, and activ-
ity avoidance)

Encourages patients to be more diligent and
in tune with their symptoms

• •Helpful for patients to look back on past
flags and observe changes over time

Logging flags would add validity to the
issues patients bring to their HCPs

• Helpful for self-management and avoiding
or documenting acute episodes

Information

••• Could help to encourage discussion of
local resources and information that are
relevant to specific issues

Include SMARTc goals link on the main
page

Considered the best feature by most pa-
tients—particularly the exercise resources

• Good information from reliable resources • Include more strengthening exercises and
guidance on exercise for specific patients
(eg, with or without mobility issues)

aHCP: health care provider.
bOA: osteoarthritis.
cSMART: specific, measurable, attainable, relevant, time-based.

In terms of overall impressions, participants responded
positively to the app, noting that it was simple to use and
provided a complete picture of how things were going with their
OA, along with a visual record to help them keep track of their

self-management activities. Patients thought the app would
motivate them to create goals, which in turn would encourage
them to complete their activities. In addition, patients were keen
on the resources feature, which included recommended exercises
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and other self-management information. Patients identified the
dashboard as the most effective feature for improving
communication with their HCPs, providing an overall picture
of their knee OA and highlighting issues to discuss with their
HCPs, such as pain in relation to activity levels.

However, participants expressed some hesitancy around the
potential receptiveness of HCPs to the app, suggesting that this
may limit the communication potential of the app. There was
wide agreement among patients that the app would likely
improve their knowledge of OA, enabling them to pay more
attention to their symptoms and identify their limits. Patients
emphasized that the resource feature would be most helpful
and most frequently used, although those who reported having
a greater understanding of OA were less confident that it would
advance their knowledge of OA. Finally, most patients were
hopeful that the app would help them self-manage their knee
OA, and they were tentative to make predictions until they had
used the app.

In the last phase of the qualitative evaluation, patients provided
specific input on how a subsequent iteration of the app may be
improved. Patients suggested that simplifying the data input
function, making the app more personalized to individual goals,

and enhancing the depth of content would be valuable
enhancements (Table 3). Suggestions about making the app
more user-friendly included more detailed instructions for each
feature (including clickable information icons), expanding data
input options (eg, allowing the addition of ≥1 activity or red
flag per entry, a larger list of activity inputs, and retrospective
data entry), and ensuring consistent terminology.

Recommendations from patients for improving the
personalization of the app included the ability to add personal
notes for activities and red flags. Feedback on enhancing the
app content included adding a function to track pain
medications, building in a reminder feature for activities,
including more options and guidance on exercises for knee OA,
and linking to more existing OA information tools (eg, My
Health Alberta).

Quantitative Component

Demographic Characteristics

A total of 18 patients participated in the pilot trial, of whom 17
(94%) provided complete data at baseline and follow-up. The
mean age of study participants was 62.2 (SD 6.9) years; 61%
(11/18) of participants were female, and 83% (15/18) of
participants had completed postsecondary education (Table 4).
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Table 4. Baseline characteristics of patient participants in the app prototype evaluation (N=18).

ValuesBaseline characteristics

Demographics

66.2 (6.9)Age (years), mean (SD)

11 (61)Sex (female), n (%)

15 (83)Postsecondary education, n (%)

Knee symptoms

16 (89)Probable or definite diagnosis of osteoarthritis, n (%)

18 (100)Experienced pain, aching, or discomfort in either knee for at least a month at any time in the past, n (%)

22 (12)Number of days per month experienced pain, stiffness, or discomfort in either or both knees, mean (SD)

Experienced any of the following symptoms in right knee, n (%)

10 (56)Warmth

15 (83)Swelling

2 (11)Redness

14 (78)Inflammation

Experienced any of the following symptoms in left knee, n (%)

7 (39)Warmth

11 (61)Swelling

3 (17)Redness

12 (67)Inflammation

Risk factors, n (%)

18 (100)Engage in physical activity at least once a week

17 (94)Have stopped or changed the type of physical activity because of knee pain

10 (56)Have set a goal to improve KOAa symptoms

Management of symptoms

14 (78)Have performed exercises or activities to improve KOA symptoms

10 (56)Have ever set a goal to improve KOA symptoms

aKOA: knee osteoarthritis.

Knee OA Symptoms and Risk Factors

All participants reported experiencing pain, aching, or
discomfort in at least one knee within the past 12 months and
reported experiencing pain, stiffness, or discomfort in either or
both knees on an average of 22 (SD 11.5) days per month. Of
the patients diagnosed with OA by a physician (18/18, 100%),
88% (16/18) received their diagnosis at least 1 year before
participating in the study. All participants reported engaging in
physical activity at least once a week, 94% (17/18) of whom
reported stopping or changing the type of physical activity
because of knee pain.

Knee OA Self-management

Approximately 78% (14/18) of participants indicated that they
had performed exercises or activities to improve their knee OA
symptoms at any point in the past, 67% (12/18) of whom had
performed pain management activities or exercises >10 times
in the past month. Regarding goal-setting behavior, 50% (10/18)

of patients reported previously setting a goal to improve their
KOA symptoms. Of those patients, 60% (6/10) reported setting
at least one goal over the 6-week evaluation period, of whom
50% (3/6) indicated a success rate >50%.

Quality of Life and Patient Activation

Between the baseline and follow-up evaluations, patient
activation, measured using the PAM, increased significantly
from a mean of 80.4 (SD 9.1) to 87.9 (SD 9.7; Wilcoxon
signed-rank test, P=.01). Patient quality of life, as measured by
the EQ-5D-5L, changed from a mean of 0.77 (SD 0.13) to 0.67
(SD 0.26) between week 0 and week 6 evaluations,
corresponding to a significant improvement in quality of life
(Wilcoxon signed-rank test, P=.04; Table 5). The change in
EQ-5D-5L score from baseline to follow-up exceeded the
minimal important difference (MID) of 0.056 based on the
Canadian population [39] but did not exceed the MID of 0.20
based on the Canadian degenerative knee disease population
[40].
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Table 5. Results of patient-reported outcome measures collected at baseline and follow-up evaluations by patient participants.

P valueValues, mean (SD)Outcome measure

Follow-up (n=17)Baseline (n=18)

Quality of life

EQ-5D-5La

.040.67 (0.26)0.77 (0.13)Indexb

.4576.18 (17.64)74.72 (19.36)VASc,d

Patient activation

.0187.9 (9.7)80.4 (9.1)PAM-10e,f

aEQ-5D-5L: European Quality-of-Life 5-Dimension 5-Level Questionnaire.
bLow EQ-5D-5L index scores correspond to high quality of life (scale: −0.15 to 0.95).
cVAS: visual analog scale.
dHigh European Quality-of-Life 5-Dimension VAS scores correspond to high quality of life (scale: 0 to 100).
ePAM-10: 10-item Patient Activation Measure.
fHigh PAM-10 scores correspond to high patient activation (scale: 0 to 100).

App Quality and Usability

Following the 6-week pilot evaluation, patients were provided
with a follow-up questionnaire to assess app usability and
quality, quality of life, and patient activation. According to the
responses to the ACDC assessing app quality, 53% (9/17) of
patients with complete data reported that the app facilitated
appropriate navigation, 65% (11/17) indicated that it was
reasonably efficient, 71% (12/17) reported that it was
user-friendly, and 88% (15/17) indicated that the app was free
from confusing terms or jargon. Regarding the appropriate
display of data and information, 88% (15/17) of patients reported
that the app produced appropriate graphs or statistics for clinical
data, and 77% (13/17) indicated that the app displayed correct
and relevant information regarding their chronic condition and
that visual explanations of concepts were clear, logical, and
correct. In addition, the ACDC identified some areas of
improvement for the app, with all patients indicating that the
app had none or limited tactile, visual, or sound feedback, and
53% (9/17) reporting that the app did not facilitate ease of
entering information. Patient responses to the MARS indicated
an overall average rating of 3.1 out of 5 stars (rated on a scale
of worst to best app ever used). As measured by the SUS, the
mean score for perceived app usability was 57.8 (scale 0-100),
indicating marginal usability according to SUS cutoffs [41].

Patient Metadata
During the 6-week observation period, user metadata were
collected from the 18 participating patients, including symptoms
of pain, stiffness and functional impairment, number of goals
set, and number of activities completed toward knee OA

self-management. The mean number of goals set during the
usability period was 2.47 (SD 3.08), and the median was 2 (IQR
1.0-3.0). The mean and median number of activities completed
for knee OA self-management during the study period were
22.2 (SD 17.8) and 18.0 (IQR 5.0-41.0), respectively. Spearman
rank correlation (rs) calculations demonstrated that follow-up
PAM scores were weakly correlated (rs=−0.32) with the number
of goals achieved and the number (rs=0.19) of activities
performed during the 6-week usability period.

HCP Evaluation

Qualitative Component
A detailed summary of perceived likeability and usability,
suggestions for improvement, and implications for HCP visits
are summarized in Table 6 (see the detailed ACTT report in
Multimedia Appendix 4). Overall, HCPs expressed support for
the app features and functionalities, favoring the Goals,
Activities, and Resources tabs. HCPs identified elements of each
main app feature that would be useful for patient
self-management and that could be useful in the context of a
clinical visit. However, HCPs largely held the perspective that
the app was too detailed and cumbersome for the patient
population, typically comprising older individuals perceived as
having limited technological literacy. Suggestions made by the
physicians to make the app more user-friendly to this patient
population included increasing the use of lay language to reduce
high-level language and the reading level (grade 7 or lower;
3/7, 43%), increasing color contrast and using a
colorblind-friendly palette (3/7, 43%), and providing areas to
add notes or free text (3/7, 43%).
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Table 6. Summary of health care provider (HCP) feedback from qualitative assessment (N=7).

Implications for the patient-HCP visitSuggestions for improvementApp feature and areas of high likeability and usability

Dashboard

••• Potentially too detailed to discuss within
the scope of a patient visit—should be
more usable at a glance

The features of different events (ie, red
flags and activities) could not be identi-
fied directly from the dashboard

Helpful summary of symptoms and tracking
of goals or activities

• Visual presentation of graphs and ability
to track the completion of activities •• Might consider highlighting pain as a

main source of discussion during the pa-
tient visit (stiffness and functional impair-
ment are less relevant)

Add additional visual features for ease of
reading for patients (eg, add a legend, in-
crease contrast and font size, and reduce
reading level)

Goals

••• Feature is most relevant for self-manage-
ment

There could be more clarity on how to
use the feature—HCPs thought it might
be too complex for patients to follow

Use of the SMARTa goal-setting frame-
work

• Incorporation of an assessment of confi-
dence in achieving goals (ie, “how confi-
dent are you that you will be able to com-
plete this goal?”)—marked on a 5-point
Likert scale from not confident (1) to very
confident (5)

• Improve visuals for easier reading—in-
crease font size and color contrast

• Too many categories of goals
• Achieved goals should be removed
• Keep the page to one screen so that

scrolling is not required• Summary of goals and prompts for next
scheduled activity is useful

Activities

User-friendly and straightforward data entry •• Need to include an option to go back to
completed activities to discuss with HCP

Modify activity categories from drop-
down list—make it more relatable for
those who are less exercise-oriented • Would be useful to see a percentage of

activities completed• Provide definitions for activity categories
• List of activity categories is limited, and

language is too high level
• Improve readability using color contrast

and different coloring

Flags

Helpful for capturing activity avoidance •• Add option to highlight red flags intended
to be discussed with an HCP

Suggestions for updates or modifications
to the red flags list were provided

• Add option to provide notes to accompany
a red flag

• Add option to highlight red flags to be
discussed with HCP

Information

••• Feature is most relevant for self-manage-
ment

Provide exercise adaptations for patients
who may be mobility-limited

Useful feature; considered the best tab by
most physicians

• Provide more local resources and guide-
lines• Information on exercise therapies was

simple to understand with appropriate im-
ages and videos

• Add a frequently asked questions section
• Separate information page for resources

for patients and resources for HCPs• Reference to evidence-based programs (eg,
GLAD Canada) and no equipment require-
ment

• Printable format ideal for older patients

aSMART: specific, measurable, attainable, relevant, time-based.

Quantitative Component

App Quality and Usability

During a 1-time app evaluation, HCPs (n=7) completed a
questionnaire assessing app usability and quality from the patient
perspective. According to the responses to the MARS, 71%
(5/7) of respondents agreed that the app was likely to increase
knowledge of knee OA, 86% (6/7) of respondents indicated that

the app was likely to increase motivation to address knee OA,
and 71% (5/7) of respondents considered that the app was likely
to improve self-management practices. When asked if they
would recommend the app to patients with OA who might
benefit from it, 57% (4/7) of HCPs responded affirmatively.
Overall, HCPs rated the app as 3.0 on a scale of 1.0-5.0,
indicating the potential for improvement. As measured by the
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SUS, the mean score for perceived app usability was 39.1,
pertaining to unacceptable usability according to SUS cutoffs.

Discussion

Principal Findings
We have demonstrated that an app prototype co-designed with
end users has the potential to successfully deliver
self-management guidance to patients with knee OA. During
the 6-week observation period, patients experienced significant
improvements in patient-reported quality of life and patient
activation and exhibited high levels of engagement with the
app, as demonstrated by a high number of activities completed
and goals achieved during the usability period. However,
usability scores were reported to be in the marginal range for
patients and an unacceptable range for HCPs. The overall
average app ratings from patients and HCPs demonstrated the
potential opportunity for further quality improvement.

The qualitative assessment revealed that, from the patient
perspective, the app features, including the dashboard, goals,
activities, flags, and resources, were useful and user-friendly
but could be expanded to include functions that are more
personalized and specific to each patient’s lived experiences,
such as the ability to add notes and reminders. Patients indicated
that they were most likely to use the resources feature,
emphasizing that the knowledge aspect of the tool was important
to their self-management. Furthermore, patients largely viewed
the app as a catalyst to increased autonomy in self-management.
Many elements of the app features were viewed as useful by
HCPs, particularly those related to the inclusion of
evidence-based information; specific, measurable, attainable,
relevant, time-based goal setting, and exercise therapies for OA.

However, there were gaps between patients’ and HCPs’
perceptions of app usability and quality, with HCPs expressing
greater concern than patients about the patient’s ability to
effectively navigate and use the app features. This is consistent
with our previous work [22], where physicians and patients
expressed different views on the seriousness of knee OA and
their approach to its management and also their perceptions of
whether those diagnosed with knee OA can manage their disease
using an app or other mHealth tools. Despite patient
receptiveness to the prospect of using an mHealth tool such as
an app, patients and physicians held diverging views, where
physicians were concerned about the technological literacy of
the conventionally older OA population. Negotiating consensus
during co-design about the app features beneficial to both
patients and physicians may help align patient and physician
perspectives. Furthermore, improved patient-HCP
communication and the discussion of priorities and
best-available evidence may help bolster shared decision-making
[42].

Limitations
We recognize several limitations of our study design. The
evaluation sample size was small but aligned with the suggestion
by Nielsen et al [43] that for projects of medium to large size,
15-20 test users are optimal to balance evaluation costs with
the benefits of finding usability problems in testing.

Furthermore, our patients were predominantly female and had
higher educational attainment. Thus, our patient sample may
not be representative of the target early knee OA population,
as research has shown that active participants research may have
different motivations and priorities compared with those who
are less engaged [44], and departures from representativeness
may be amplified with increasing age [45]. This may be reflected
by our study findings, in which 88% (15/17) and 100% (17/17)
of participants reported PAM scores in the highest range of
patient activation at baseline and follow-up assessments,
respectively, despite the use of multiple recruitment mechanisms
intended to capture a range of patient perspectives.

Similarly, the HCPs involved in the design and evaluation of
the mHealth app were primarily family physicians. Thus, our
findings may not reflect the diversity of perspectives among
HCPs that are typically involved in guiding self-management
for patients with knee OA. Further studies will expand the focus
of the evaluation to assess its applicability in a more diverse
group of HCPs (eg, physiotherapists). In addition, the inclusion
of patient partners with a wider range of experiences related to
education, health literacy, and technological proficiency in
future app development and evaluation is essential to address
potential health inequities [46].

There were shortcomings in app usability, as demonstrated by
the low SUS scores reported by both patients and HCPs.
However, usability challenges were of greater concern among
HCPs in comparison with patients who reported higher usability
scores and identified minimal to no usability challenges in the
qualitative assessment. This discrepancy between patient and
HCP perceptions of usability is aligned with the findings from
our preliminary work [22], where HCPs largely underestimated
patients’ receptiveness and ability to use mHealth technologies
for OA self-management. It is possible that HCPs evaluated the
app usability with a broader OA patient population in mind than
that represented in our sample, who were both highly educated
and demonstrated high levels of activation in their care.

This study had a relatively short duration of follow-up of 6
weeks. As such, the emphasis on the evaluation of
patient-reported outcomes against clinical outcomes was
suitable, as it was unlikely that we would observe clinically
meaningful changes in OA symptoms during the short
observation period. However, although significant improvements
in health-related quality of life and patient activation were
reported during the study period, the change in EQ-5D-5L scores
did not surpass the MID established in the degenerative knee
population. Thus, the length of follow-up may have been
insufficient to establish meaningful changes in some
patient-reported outcomes. Given the chronic nature of OA,
using a longer evaluation period for a future iteration of the app
would provide more relevant data on clinical outcomes to
augment the patient-reported outcomes featured here and
additional context for whether long-term engagement with the
app could be sustained. Further app development involving an
evaluation that is more inclusive of diverse patient and HCP
perspectives, with a longer follow-up duration and a wider range
of outcomes measured, will be an essential next step in this
study. In addition, we are exploring opportunities to integrate
self-monitoring data with advanced machine learning analytics
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to provide an intelligent platform to assist patients with knee
OA in initiating and sustaining self-management activities.

Comparison With Previous Studies
To our knowledge, this is the first mHealth app developed
specifically to aid in knee OA self-management, although
several digital self-management programs have been developed
for OA [47] and other chronic diseases, including diabetes
[48,49] and heart failure [50]. A 2020 systematic review on
digital health interventions for people with OA identified that
most (5/8, 63%) studies were primarily focused on health
education (n=5), whereas some incorporated additional
self-management elements, such as goal setting (n=6), action
planning (n=4), physical activity (n=6), weight management
(n=5), and pain management (n=6) [47]. A 2017 systematic
review focusing specifically on mHealth technologies identified
a lack of emphasis on tracking OA symptoms and
self-management behavior that could be useful for shared
decision-making [9]. The review by Choi et al [9] provided a
framework for developing mHealth apps for OA management,
describing the need for patient-facing mobile apps with
capabilities such as symptom monitoring, activity monitoring,
joint function measurement, physical activity guidelines,
educational content, and provision of data visualization and
summary reports for shared-decision-making. Thus, our app
addressed many of the identified market gaps for apps in the
OA self-management domain by incorporating capabilities that
have been established as integral to facilitating self-management,
decision support, and shared decision-making.

Regarding methods for evaluating mHealth tools, a recent
scoping review summarizing quality assessment methods for
mobile apps in chronic disease management found minimal
agreement on the most appropriate criteria for evaluating mobile
apps, with only 18% (12/65) of apps including evidence-based
health information, 22% (14/65) using a behavioral change
framework, and 37% (24/65) applying usability metrics as

quality criteria for app assessment [51]. On the basis of the gaps
identified in the analysis and practice methods for evaluating
mobile apps, the authors proposed 3 primary goals for building
quality criteria for app assessment: (1) prioritize existing
evidence and knowledge against ease of assessment (eg, using
patient-reported outcomes vs app ratings), (2) emphasize
principles of behavior change theory, and (3) explicitly
incorporate the patient perspective. Our study begins to address
these identified gaps in quality assessment methods using a
range of evidence-based patient-reported outcomes,
incorporating behavioral change principles such as goal setting
and activity monitoring, and integrating the patient perspective
from early planning to app assessment phases.

Conclusions
This pilot study provides support for the use of evidence-based,
patient-centered mHealth apps to improve patient-reported
outcomes by encouraging patient self-efficacy and improving
patient-HCP communication, ultimately promoting conservative
management of knee OA. These findings, along with findings
from previous study phases, provide a framework from which
app developers and researchers can co-design and evaluate
mHealth apps targeting self-management in a way that is
inclusive of all stakeholders and reflects diverse user
perspectives. Further development of the app to address usability
and feasibility in the context of a larger evaluation trial,
including a more diverse and representative population sample
and a longer period of evaluation, will be instrumental in
understanding the impact of the app on self-management and
a broader range of clinical outcomes such as pain and disability.
In addition, our findings can provide a basis for developing
best-practice reporting standards and practices to evaluate
evidence-based mHealth technologies that target
self-management of chronic conditions. Future app development
may involve the integration of machine learning to provide
personalized self-management recommendations to patients
with knee OA to address individual needs and priorities.
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Abstract

Background: Pain description is fundamental to health care. The McGill Pain Questionnaire (MPQ) has been validated as a
tool for the multidimensional measurement of pain; however, its use relies heavily on language proficiency. Although the MPQ
has remained unchanged since its inception, the English language has evolved significantly since then. The advent of the internet
and social media has allowed for the generation of a staggering amount of publicly available data, allowing linguistic analysis at
a scale never seen before.

Objective: The aim of this study is to use social media data to examine the relevance of pain descriptors from the existing MPQ,
identify novel contemporary English descriptors for pain among users of social media, and suggest a modification for a new MPQ
for future validation and testing.

Methods: All posts from social media platforms from January 1, 2019, to December 31, 2019, were extracted. Artificial
intelligence and emotion analytics algorithms (Crystalace and CrystalFeel) were used to measure the emotional properties of the
text, including sarcasm, anger, fear, sadness, joy, and valence. Word2Vec was used to identify new pain descriptors associated
with the original descriptors from the MPQ. Analysis of count and pain intensity formed the basis for proposing new pain
descriptors and determining the order of pain descriptors within each subclass.

Results: A total of 118 new associated words were found via Word2Vec. Of these 118 words, 49 (41.5%) words had a count
of at least 110, which corresponded to the count of the bottom 10% (8/78) of the original MPQ pain descriptors. The count and
intensity of pain descriptors were used to formulate the inclusion criteria for a new pain questionnaire. For the suggested new
pain questionnaire, 11 existing pain descriptors were removed, 13 new descriptors were added to existing subclasses, and a new
Psychological subclass comprising 9 descriptors was added.

Conclusions: This study presents a novel methodology using social media data to identify new pain descriptors and can be
repeated at regular intervals to ensure the relevance of pain questionnaires. The original MPQ contains several potentially outdated
pain descriptors and is inadequate for reporting the psychological aspects of pain. Further research is needed to examine the
reliability and validity of the revised MPQ.

(JMIR Form Res 2021;5(11):e31366)   doi:10.2196/31366

KEYWORDS

pain descriptors; social media; artificial intelligence; emotion analytics; McGill Pain Questionnaire

Introduction

Pain is “an unpleasant sensory and emotional experience
associated with, or resembling that associated with, actual or
potential tissue damage” [1]. Although the experience of pain

is common, each person’s pain is unique and felt physically
only by that person. Pain measurement is essential for diagnosis,
monitoring of disease progression, and evaluation of treatment
effectiveness [2]. This understanding and measurement of pain
occur largely through verbal reporting by the person
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experiencing the pain. Health care providers use this information
to characterize and determine pain intensity, and in many
instances, make judgments regarding treatment [3]. As
verbalization of pain can sometimes be difficult, comprehensive
questionnaires to elicit better descriptions of pain for diagnostic
accuracy are important.

Various instruments have been developed for the assessment
of pain. For acute pain, pain scales that focus on identifying
pain location and intensity, such as the visual analog scale and
numeric rating scale, are most commonly used [4]. Although
shown to be inferior to both the visual analog scale and numeric
rating scale, 4-point or 6-point verbal categorical rating scales
using adjectives to describe different levels of pain have also
been successfully used [5]. For children, pain scales that use
images of happy and unhappy faces have been found to be
appropriate [6]. All these instruments have been validated in
clinical and research settings; however, their accuracy is
dependent on timely recording.

Assessment of chronic pain is indisputably more complex. The
long-term burden of pain plays a profound role in shaping an
individual’s physical and psychological state. In addition, the
negative downstream effects of chronic pain can exacerbate the
original pain condition through various pathways that remain
poorly understood. Owing to these complexities, the above
unidimensional instruments that only describe pain in terms of
intensity may be too simplistic for meaningful clinical
correlation.

Several authors have emphasized the need to recognize the
multidimensional aspects of pain [7-9], and 6 dimensions have
previously been described: physiological, sensory, affective,
cognitive, behavioral, and sociocultural [7]. Health care
professionals have acknowledged the varying qualities of pain
and often depend on characteristic descriptions of pain to
identify eventual diagnoses.

The McGill Pain Questionnaire (MPQ), created in 1971, is one
of the most frequently cited instruments and has been validated
for use in asymptomatic, symptomatic, and persistently
symptomatic populations [10]. Its role in clinical research has
been established, in large part because of the multidimensional
nature of this instrument [7,11]. The original MPQ [12,13]
comprises 78 pain descriptors broadly divided into 3 major
classes: sensory, affective, and evaluative. These pain
descriptors are further categorized into 20 subclasses, with the
words within the respective subclasses ranked based on pain
intensity.

The MPQ can be administered by an interviewer who reads the
instructions to the patient and defines any words that are not
understood [14]. It may also be self-administered. There is heavy
reliance on language proficiency, a lack of which may limit the
effectiveness of the instrument. Regional linguistic patterns
may also be inadvertently incorporated into practice. In addition,
language itself is constantly changing and evolving, with use
and meanings constantly being updated.

The MPQ has remained unchanged since its inception, and the
impact of modern language use on the relevance of MPQ pain
descriptors remains unreported. During this time, the invention

of the internet and its exponential penetration have drastically
reshaped our world. Social media, which comprises forums,
blogs, business networks, social gaming, microblogs,
photo-sharing platforms, and chat apps, has evolved dramatically
alongside these developments. Furthermore, >50% of the global
population was expected to access the internet in 2019, and the
same figure was expected to use social media platforms [15].
This generates a staggering amount of publicly available social
media data, allowing linguistic analysis at a scale that has never
been seen before.

Natural language processing or computational linguistics,
together with machine learning algorithms, have evolved
substantially over the years to be able to analyze, learn, and
understand the linguistic contexts of words, identify sentiments
and emotions, and form neural network models [16]. These
have enabled health researchers to use social media data to
address a wide range of public health concerns, including
surveillance and inference of developing trends in infectious
diseases, targeting of public health strategies, evaluation of
public health interventions, ascertaining public perceptions of
nonmedical use of opioids, and even predicting disease status
[17-21].

In relation to chronic pain, social media represents a snapshot
of natural day-to-day colloquial language rather than formal
communication. Furthermore, the nature of social media
encourages users to capture their thoughts and ideas
instantaneously. This is particularly important for accurate pain
reporting, which is vulnerable to recall bias and relies heavily
on timely reporting. Previous studies have observed extensive
amounts of web-based conversations regarding pain [22],
suggesting that social media may be a valid place to obtain a
large amount of data regarding pain experience. Another study
demonstrated that the characteristics of pain conditions could
be discerned from social media posts [23], indicating that the
depth of data may be sufficient for health care workers to further
analyze and understand pain. Therefore, the objectives of this
investigation are to use social media data to examine the
relevance of pain descriptors from the existing MPQ, identify
novel contemporary English descriptors for pain among users
of social media, and suggest a modification for a new MPQ for
future validation and testing.

Methods

Overview
This study used artificial intelligence and emotion analytics
algorithms for the derivation and analysis of pain expression
from social media platforms. The workflow was executed by a
company specializing in linguistic and emotion analytics
(INTNT.AI) and comprised 5 main steps conducted in an
iterative process: (1) preliminary data gathering, (2) data
cleaning, (3) Word2Vec (patent number US9037464B1; Google
Inc), (4) final data gathering and cleaning, and (5) data analysis.
The workflow is summarized in Figure 1. Preliminary data
gathering was first performed to identify new pain descriptors
through Word2Vec, which could then be used to maximize the
search for relevant social media posts in the final data gathering.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e31366 | p.569https://formative.jmir.org/2021/11/e31366
(page number not for citation purposes)

Tan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Figure 1. Workflow for the derivation of new pain descriptors. SMP: social media post.

All posts from social media platforms over a 1-year period,
from January 1, 2019, to December 31, 2019, were extracted.
These data were acquired from a social listening platform
(Meltwater) that aggregates and gives direct and official access
to all accounts open to the public on Twitter, Facebook,
Instagram, and YouTube.

Preliminary Data Gathering
A list comprising 78 pain descriptors from the MPQ and 51
additions yielded through the use of a mixture of web-based
thesauruses was used to identify relevant social media posts
(Multimedia Appendix 1). Word networks were created from
social media posts using word graphs and path search algorithms
that allow the linking of words to the root word of interest
[24,25]. Words immediately next to the root word are described
as one hop away, whereas subsequent layers of words are in
increasing levels of hops.

Only social media posts containing the word pain and one of
the targeted pain descriptors within 3 hops were included in this

study. The criterion of within 3 hops was decided based on pilot
testing that showed good richness of social media posts that
balanced relevance with the breadth of content.

Data Cleaning of the Social Media Posts
The selected social media posts were manually scrutinized and
cleaned. Usernames, hyperlinks, and internet-specific symbols
were removed. In addition, the content of the social media posts
was evaluated for relevance. Social media posts that contained
the pain descriptor in irrelevant contexts were removed.

The remaining posts were then input into a sarcasm detection
machine (Crystalace, Institute of High Performance Computing,
Agency for Science, Technology and Research), which is a
support vector machine classifier trained with an
affect-cognition-sociolinguistics feature model [26,27]. The
Crystalace sarcasm detection method rated social media posts
for sarcasm on a scale of 0-1, with 1 indicating maximum
sarcasm. Social media posts with a sarcasm rating >0.7 were
removed from the database.
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Sarcasm is a difficult concept to handle in emotion analysis.
Traditionally, sarcasm has been viewed from a psychological
perspective where overt irony is actively pursued by the speaker
as a tool of verbal violence [28]. To achieve the required effect
and aggression, sarcasm requires a higher level of semantic
complexity than normal conversation, in which both positive
and negative connotations are interwoven. The CrystalNest
software (CrystalNest, Institute of High Performance
Computing, Agency for Science, Technology and Research)
combines feature engineering and deep learning frameworks
with linguistic rules overlay. This performed very well in
sarcasm detection for SEMEVAL 2017 and 2018 and was

therefore selected for this study [24,25]. Further testing of later
models of the CrystalFeel emotion intensity analysis engine
also indicated accuracy levels of 0.818, 0.765, 0.765, 0.788,
and 0.856 for predicting the intensities of anger, fear, sadness,
joy, and valence, respectively [29].

Word2Vec to Identify Associated Words
Word2Vec [30] was then used on the remaining social media
posts to convert the semantic meaning of words into a numerical
representation, or vectors, based on the context in which those
words occur. Words that share common contexts are located
close to one another within the overall vector space constructed
from the inputted text (Figure 2).

Figure 2. Sample 2D illustration of words with common contexts within the overall 3D vector space; similar words are color-coded. This graph was
constructed using T-distributed Stochastic Neighbor Embedding (TSNE), to aid visualization of word clusters. TSNE works by taking a group of
high-dimensional vocabulary word feature vectors, then compressing them down to 2-dimensional x, y coordinate pairs. This method keeps similar
words close together on the plane, while maximizing the distance between dissimilar words.

This process allowed for the classification of pain dimensions
from the open text found in the included social media posts and
the identification of new pain descriptors. All new words with
a positive vector distance from the original list of pain
descriptors were considered to be associated, and a maximum
of 20 associated words per root word was selected for inclusion.

Final Data Gathering and Cleaning
Newly identified pain descriptors derived from Word2Vec
mechanisms were compiled with the original list of pain
descriptors used in preliminary data gathering to form an
expanded list of keywords to be used for the final round of data
gathering. The search for relevant social media posts was
performed in the same social media platforms and period as
above.

For greater specificity to health conditions, social media posts
were included only if they contained at least one of the pain
descriptors in this new list, as well as one pain condition from
a list of common pain conditions (Multimedia Appendix 2).

This list of pain conditions was not input in the preliminary
round of data gathering to ensure maximal identification of
possible pain descriptors, regardless of context. The combination
of pain descriptors with pain conditions eliminated most of the
social media posts that were irrelevant to the study.

The final data set was obtained after the selected social media
posts were put through the same data cleaning steps as detailed
above.

Data Analysis
The original MPQ comprised 78 pain descriptors categorized
into 20 subclasses. In addition, 51 additional words were yielded
through the use of web-based thesauruses. These 129 original
pain descriptors served as keywords for the final analysis. The
final data set was input into Word2Vec, and the final
classification of descriptors was obtained using the algorithm.

Words found to be related to keywords were identically
color-coded, located in close proximity to the overall vector
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space, and had a positive vector distance. A maximum of 20
words found to be most similar to each of the predetermined
129 keywords was selected for inclusion and further pruning.
These were evaluated for relevance to pain descriptors. Entries
with contrasting meanings to the keywords (eg, hot vs cold),
entries that shared the same root word as the MPQ keywords,
and entries irrelevant to pain description were removed.

The number of mentions, or count, of each pain descriptor within
the final data set of selected social media posts was computed.
Analysis of the counts for the 78 original MPQ keywords was
conducted to determine the minimum threshold level for the
inclusion of new associated words. The bottom 10% of the
original MPQ pain descriptors were found to have counts of
<110. Therefore, a count of 110 was set as the minimum
threshold level for the prevalence of word use, and all words
with a count of <110 were removed.

The intensities of all descriptors were also analyzed using natural
language processing emotion analytics algorithms (CrystalFeel,
Institute of High Performance Computing, Agency for Science,
Technology and Research), which considered the entire sentence
or paragraph in which each descriptor was found. The
CrystalFeel algorithms allowed for the measurement of the
emotional properties in text, including anger, fear, sadness, joy,
and valence. Intensity was reflected on a scale of 0-1, with 1
implying maximum pain intensity. This formed the basis for
determining the order of pain descriptors within each subclass.

Results

Sample of Social Media Posts
A total of 572,742 social media posts were obtained from a
preliminary round of data gathering. Following manual
evaluation of the 572,742 social media posts for relevance, 8310
(1.45%) social media posts were removed, whereas 7824
(1.37%) social media posts were removed after failing to meet
the threshold criterion for sarcasm. Word2Vec identified 34
new pain descriptors that were used together with the original
list of words to widen the search for relevant social media posts
in the second round of data gathering. A total of 1,877,122 social
media posts were identified in the second round of data
gathering. After data cleaning and the additional inclusion
criteria of containing at least one pain condition as well as one
pain descriptor in the social media post, 11.55%
(216,873/1,877,122) of social media posts remained for the final
data analysis.

Identification of New Pain Descriptors Through
Word2Vec
Using Word2Vec, a total of 118 new associated words were
found for the 129 pain descriptor keywords defined in this study,
following the removal of repetitions. Of these 118 words, 5
(4.2%) were associated with both the original MPQ and
thesaurus-derived keywords, 87 (73.7%) were associated with
MPQ keywords only, and 26 (22%) were associated with
thesaurus-derived keywords only (Figure 3).

Figure 3. A total of 118 new words were found to be associated with the 78 original McGill Pain Questionnaire keywords and 51 thesaurus-derived
keywords; bracketed values indicate the number of words with count ≥110. MPQ: McGill Pain Questionnaire.
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Count and Intensity of the Original MPQ Keywords
and New Pain Descriptors
Of the 118 new associated words acquired through Word2Vec,
49 (41.5%) words were found to have a count of at least 110,
meeting the minimum threshold level for the prevalence of word
use.

28 (23.7%) thesaurus-derived keywords met the minimum
threshold count of 110. These and the 49 out of 118 (41.5%)

new associated words derived through Word2Vec were
combined into a single list for further evaluation, representing
the final list of 77 newly derived pain descriptors (Figure 4).
From this list, the pain descriptors that received the top 10
highest counts in descending order were anxiety (96909),
depression (65223), fear (48165), excruciating (32094), anger
(31506), discomfort (31333), depress (29822), sadness (25817),
low (23027), and fever (21441).

Figure 4. Breakdown of original and newly derived pain descriptors. MPQ: McGill Pain Questionnaire.

Of the 78 original MPQ keywords, the pain descriptors that
received the top 10 highest counts in descending order were
sharp (26679), hot (25405), tingling (25405), intense (24269),
numb (23964), unbearable (20929), cold (19099), sore (16127),
burning (14204), and itchy (14204).

The intensity of the 78 original MPQ keywords ranged from
0.367 (for flickering and jumping) to 0.699 (for terrifying). For
the combined list of 77 newly derived pain descriptors, the
intensity ranged from 0.325 (for scratching) to 0.7467 (for
suicidal).

The counts and intensities of existing and new words are
presented in Multimedia Appendix 3.

Suggested New Pain Questionnaire

Overview
Analyses of count and intensity of the pain descriptors, as well
as manual analysis of the social media posts for the context in
which the word was used, were used to recommend the inclusion
of pain descriptors in a new pain questionnaire. The suggested
changes, categorized by the MPQ subclasses, are summarized
in Table 1.
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Table 1. Comparison of the original McGill Pain Questionnaire (MPQ) with the suggestion for a new pain questionnaire.

Ranking reordered? (yes or no)Suggested words for a new pain questionnaireSubclass and pain descriptors from the original MPQ

Temporal

• No• Flickering• Flickering
• Pulsing• Quivering (removed)
• Throbbing• Pulsing
• Pounding• Throbbing

• Beating (removed)
• Pounding

Spatial

• No• Jumping• Jumping
• Flashing• Flashing
• Shooting• Shooting

Punctuate pressure

• No• Pricking• Pricking
• Boring• Boring
• Drilling• Drilling
• Stabbing• Stabbing
• Puncturing (new)• Lancinating (removed)

Incisive pressure

• Yes• Cutting• Sharp
• Sharp• Cutting

• Lacerating (removed)

Constrictive pressure

• Yes• Pressing• Pinching
• Gnawing• Pressing
• Crushing• Gnawing
• Pinching• Cramping
• Cramping• Crushing

Traction pressure

• No• Tugging• Tugging
• Contraction (new)• Pulling
• Pulling• Wrenching
• Wrenching
• Clenching (new)

Thermal

• Yes• Hot• Hot
• Searing• Burning
• Burning• Scalding (removed)

• Searing

Brightness

• No• Scratching (new)• Tingling
• Tingling• Itchy
• Itchy• Smarting (removed)
• Stinging• Stinging

Dullness

• Yes• Sore• Dull
• Aching• Sore
• Dull• Hurting
• Hurting• Aching
• Heavy• Heavy

Sensory miscellaneous
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Ranking reordered? (yes or no)Suggested words for a new pain questionnaireSubclass and pain descriptors from the original MPQ

• No• Tender
• Splitting

• Tender
• Taut (removed)
• Rasping (removed)
• Splitting

Tension

• No• Tiring
• Straining (new)
• Exhausting

• Tiring
• Exhausting

Autonomic

• No• Sickening
• Suffocating

• Sickening
• Suffocating

Fear

• No• Fearful
• Horrendous (new)
• Horrifying (new)

• Fearful
• Frightful (removed)

Punishment

• Yes• Grueling
• Cruel
• Vicious
• Killing
• Terrifying

• Terrifying
• Punishing (removed)
• Grueling
• Cruel
• Vicious
• Killing

Affective-evaluative-sensory miscellaneous

• No• Wretched
• Blinding

• Wretched
• Blinding

Evaluative

• Yes• Mild (new)
• Troublesome
• Intense
• Annoying
• Irritating (new)
• Unbearable
• Horrible (new)
• Miserable
• Excruciating (new)
• Distressing (new)

• Annoying
• Troublesome
• Miserable
• Intense
• Unbearable

Supplementary a

• No• Spreading
• Radiating
• Penetrating
• Piercing

• Spreading
• Radiating
• Penetrating
• Piercing

Supplementary b

• No• Bruising (new)
• Tight
• Numb
• Squeezing
• Tearing

• Tight
• Numb
• Drawing (removed)
• Squeezing
• Tearing

Supplementary c

JMIR Form Res 2021 | vol. 5 | iss. 11 |e31366 | p.575https://formative.jmir.org/2021/11/e31366
(page number not for citation purposes)

Tan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Ranking reordered? (yes or no)Suggested words for a new pain questionnaireSubclass and pain descriptors from the original MPQ

• No• Cool
• Cold
• Freezing

• Cool
• Cold
• Freezing

Supplementary d

• No• Nagging
• Nauseating
• Agonizing
• Dreadful
• Torturing

• Nagging
• Nauseating
• Agonizing
• Dreadful
• Torturing

Psychological (new)

• N/Ab• Worried (new)
• Angry (new)
• Fearful
• Sad (new)
• Depressed (new)
• Nervous (new)
• Anxious (new)
• Feel hopeless (new)
• Suicidal (new)

—a

aNot available.
bN/A: not applicable.

Removal of Words
Of the 78 pain descriptors, 8 (10%) pain descriptors from the
original MPQ were removed because of low use (count<110).
The words removed were quivering (from the Temporal
subclass), lancinating (from the Punctuate Pressure subclass),
lacerating (from the Incisive Pressure subclass), scalding (from
the Thermal subclass), smarting (from the Brightness subclass),
taut and rasping (from the Sensory miscellaneous subclass),
and frightful (from the Fear subclass).

In addition, of the 78 pain descriptors from the original MPQ,
3 (4%) pain descriptors were removed because, on manual
analysis of the social media posts, the contexts in which they
were used were found to have deviated from pain description.
The word beating (from the Temporal subclass) was mainly
used as a synonym for overcoming pain or the physical action
of a beating instead of being used as a pain descriptor. Punishing
(from the Punishment subclass) and drawing (from the
Supplementary b subclass) were also removed as these words
were more often used as verbs rather than adjectives.

Addition of Words
A total of 13 new associated words were added to the
pre-existing subclasses. The added words were puncturing (to
the Punctuate Pressure subclass); contraction and clenching
(to the Traction Pressure subclass); scratching (to the Brightness
subclass); straining (to the Tension subclass); horrendous and
horrifying (to the Fear subclass); mild, irritating, horrible,
excruciating, and distressing (to the Evaluative subclass); and
bruising (to the Supplementary b subclass).

Creation of a Psychological Subclass
An entirely new Psychological subclass was suggested to
acknowledge the nonphysical aspects of pain. This subclass

comprised 9 newly identified descriptors relevant to the
description of the emotional state of a person. These were
selected for their high counts, which ranged from 1139 to
65,223. Intensity was also taken into consideration during this
selection to ensure good graduality of pain description, and this
ranged from 0.47 to 0.7467.

The identified pain descriptors consisted of a mixture of nouns
and adjectives. For consistency, the 9 selected descriptors were
modified to fit into the sentence “My pain makes me ___.” This
resulted in the final selection of worried, angry, fearful, sad,
depressed, nervous, anxious, feel hopeless, and suicidal for this
new subclass.

Reordering of Pain Descriptors to Reflect Pain Intensity
The pain descriptors of 6 of the 20 subclasses were reordered
based on their emotional intensity to reflect decreasing pain
intensity. These new rankings are shown in Table 1.

Discussion

Principal Findings
This study provides insights into modern language use in the
context of pain description. We found infrequent use and even
a change in context for the use of several descriptors from the
original MPQ, reflecting the evolution of language and
suggesting limitations in the current MPQ. We also identified
several new pain descriptors that can be used to update the MPQ,
including the emergence of a possible Psychological subclass
of pain descriptors that can capture the emotional and mental
aspects of pain. These changes may improve the application of
the MPQ in physical settings and digital telehealth platforms.
An updated MPQ with relevant and appropriate pain descriptors
may improve the ability of the MPQ to accurately characterize
the pain experience, leading to more tailored diagnoses and
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treatment plans. In addition, better awareness of modern
language use can also influence the design of conversational
artificial intelligence systems, commonly known as chatbots,
which have the potential to decrease the need for physical
encounters in health care facilities [31]. The linguistic styles of
chatbots are thought to affect relationship building between
patients and the respective chatbots [32].

The top 10 highest counts for the 78 original MPQ keywords
were substantially lower than those for the new words, ranging
from 14,204 to 26,679 and from 21,441 to 96,909, respectively.
This suggests that words previously selected for the MPQ may
no longer be as commonly used today.

Interestingly, 6 out of the top 10 newly identified pain
descriptors that received the top 10 highest counts were relevant
to the emotional or mental description of pain, namely anxiety,
depression, fear, anger, depress, and sadness, which led to the
emergence of a Psychological subclass.

Our study combined the big data afforded by social media posts
with artificial intelligence and additional emotion analytics
algorithms that allow for a broad analysis of social media posts
with high speed and accuracy. The combination of pain research
with this technology, originally designed to help businesses
understand what their customers want through linguistic and
contextual cues, helps to address a pressing health care need.
As much as 40% of the population contends with chronic pain,
and the extensive cumulative impact of chronic pain in the
United States alone was estimated to exceed US $500 billion
annually [33].

The updated pain definition by the International Association
for the Study of Pain highlights the subjective and emotional
nature of pain. The literature reports various links between pain
and mood or psychiatric disorders. For instance, pain and major
depressive disorder often occur concurrently, appearing to
mutually exacerbate the severity of the individual conditions
[34-37]. Chronic pain has been found to increase the risk of
depressive disorders and comorbidity; inversely, depression is
also a risk factor for the later development of chronic pain
[38-42]. Although not fully understood, several studies have
reported shared biological pathways and neurotransmitters
between both conditions [43-45]. The involvement of the limbic
structures of the brain in both pain processing and depressed
mood can be triggered by stress and indicates the sharing of
neurobiological factors between pain and depression [46-49].
In addition, the pain experienced may be altered by emotions
such as anger expression [50], anxiety, or the feeling of
powerlessness, with 1 author suggesting that reducing the
perception of powerlessness may reduce pain intensity [51].

Unfortunately, these psychological, emotional, and behavioral
interactions with pain experience are rarely brought up in patient
interviews. The existing MPQ focuses largely on the physical
description of pain. Although its existing words allow the
interviewer to infer the emotional toll of pain on the patient,
there is lack of a dedicated segment that acknowledges the
psychological burden of pain. The introduction of a new

Psychological subclass is a significant change from the existing
MPQ, prompting patients to definitively select the resultant
emotion caused by their pain. The patient’s choice from the
selection of worried, angry, fearful, sad, depressed, nervous,
anxious, feel hopeless, and suicidal may also indicate the
patient’s primary coping mechanism in the face of the challenges
of the pain condition. The behavior of a patient who feels anger
may be starkly different from another who feels fearful and
could aid future interventions or referrals by health care
providers.

Limitations and Future Direction
This study has some limitations. Only social media posts in
English were included in this study, and most social media posts
originated from the Western hemisphere. Therefore, the
application of these findings is largely limited to the United
States and may not be generalizable to other English-speaking
countries. Future work using similar artificial intelligence
mechanisms stratified by geographical regions to address
regional linguistic differences, and perhaps different languages,
may be explored.

Similarly, the sample population in this study was limited to
users of social media platforms. The preferred social media
platform differs according to age, and in general, the overall
population tends to skew young [52,53]. It is possible that the
pain descriptors found are specific to this population only;
therefore, the results may not be generalizable to older adults
for whom the older MPQ terminologies may still apply. There
may also be a lack of representation of people of lower
socioeconomic status or those whose pain conditions severely
compromise daily living [54].

Although the artificial intelligence and emotion analytics
algorithms selected for the study had previously demonstrated
good accuracy, we did not evaluate the validity of the newly
identified pain descriptors. The complexity of human thought
and expression makes further validation of the suggested
questionnaire on a sample of the target patients necessary. Future
research could involve a qualitative focus group to examine the
face validity of the word descriptors and to ensure that patients
feel that their pain is adequately described by the options
available or to suggest other terms. Validation and reliability
of the new pain questionnaire should be conducted, and the
proposed reordering of words within each subclass should be
tested.

Conclusions
The original MPQ is inadequate for reporting the psychological
aspects of pain. Several descriptors from the original MPQ were
also noted to have infrequent use or changes in context. This
study used artificial intelligence and emotion analytics
algorithms to identify contemporary vocabulary for pain
description. The described methodology could be repeated at
regular intervals to ensure the relevance of the pain
questionnaires. Further research is needed to examine the
reliability and validity of the revised MPQ.
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Abstract

Background: Failure to find and attract clinical trial participants remains a persistent barrier to clinical research. Researchers
increasingly complement recruitment methods with social media–based methods. We hypothesized that user-generated data from
cancer survivors and their family members and friends on the social network Twitter could be used to identify, engage, and recruit
cancer survivors for cancer trials.

Objective: This pilot study aims to examine the feasibility of using user-reported health data from cancer survivors and family
members and friends on Twitter in Los Angeles (LA) County to enhance clinical trial recruitment. We focus on 6 cancer conditions
(breast cancer, colon cancer, kidney cancer, lymphoma, lung cancer, and prostate cancer).

Methods: The social media intervention involved monitoring cancer-specific posts about the 6 cancer conditions by Twitter
users in LA County to identify cancer survivors and their family members and friends and contacting eligible Twitter users with
information about open cancer trials at the University of Southern California (USC) Norris Comprehensive Cancer Center. We
reviewed both retrospective and prospective data published by Twitter users in LA County between July 28, 2017, and November
29, 2018. The study enrolled 124 open clinical trials at USC Norris. We used descriptive statistics to report the proportion of
Twitter users who were identified, engaged, and enrolled.

Results: We analyzed 107,424 Twitter posts in English by 25,032 unique Twitter users in LA County for the 6 cancer conditions.
We identified and contacted 1.73% (434/25,032) of eligible Twitter users (127/434, 29.3% cancer survivors; 305/434, 70.3%
family members and friends; and 2/434, 0.5% Twitter users were excluded). Of them, 51.4% (223/434) were female and
approximately one-third were male. About one-fifth were people of color, whereas most of them were White. Approximately
one-fifth (85/434, 19.6%) engaged with the outreach messages (cancer survivors: 33/85, 38% and family members and friends:
52/85, 61%). Of those who engaged with the messages, one-fourth were male, the majority were female, and approximately
one-fifth were people of color, whereas the majority were White. Approximately 12% (10/85) of the contacted users requested
more information and 40% (4/10) set up a prescreening. Two eligible candidates were transferred to USC Norris for further
screening, but neither was enrolled.

Conclusions: Our findings demonstrate the potential of identifying and engaging cancer survivors and their family members
and friends on Twitter. Optimization of downstream recruitment efforts such as screening for digital populations on social media
may be required. Future research could test the feasibility of the approach for other diseases, locations, languages, social media
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platforms, and types of research involvement (eg, survey research). Computer science methods could help to scale up the analysis
of larger data sets to support more rigorous testing of the intervention.

Trial Registration: ClinicalTrials.gov NCT03408561; https://clinicaltrials.gov/ct2/show/NCT03408561

(JMIR Form Res 2021;5(11):e29958)   doi:10.2196/29958

KEYWORDS

breast cancer; cancer; clinical research; clinical trial; colon cancer; infoveillance; kidney cancer; lung cancer; lymphoma; patient
engagement; prostate cancer; recruitment; Twitter; social media

Introduction

Background
Despite significant efforts to systematically describe barriers
to identifying and enrolling clinical trial participants [1,2],
insufficient recruitment of study participants remains a persistent
roadblock to successful clinical research and medical progress
[3-8]. A systematic review of randomized controlled trials found
that 76.1% (131/172) of trials discontinued because of poor
recruitment [9]. As many as 86% of clinical trials do not achieve
accrual targets within their specified time [2,10]. Failure to find
and attract eligible participants is a key factor contributing to
clinical trial recruitment issues [9].

In recent years, researchers have increasingly complemented
traditional recruitment methods (eg, flyers, public posters,
advertisements in newspapers, radio, and television) with social
media–based approaches [11,12]. Most of these studies have
used either paid advertisements or organic, nonpaid messaging
strategies to recruit study participants on social media. Social
media also offers publicly accessible data from those who
interact with and post on these platforms. This type of
user-generated data can be used to rapidly capture and describe
health-related attitudes and behaviors. Self-reported data from
patients are referred to as patient-generated health data, that is,
“health-related data created, gathered, or inferred by or from
patients and for which the patient controls data collection and
data sharing” [13].

Objectives
The goal of this pilot study is to examine the feasibility of using
local user-reported data from cancer survivors and their family
members and friends on the social network Twitter in Los
Angeles (LA) County as a tool to enhance clinical trial
recruitment at a comprehensive cancer center. According to the
National Cancer Institute, “a person is considered a survivor
from the time of diagnosis until the end of life” [14]. In this
study, we included family members and friends because they
play a critical role in caring for cancer survivors and in making
cancer care decisions [15,16].

We used user-generated health data from the social network
Twitter for 2 reasons: first, research has demonstrated the active
use of Twitter among members of different patient communities
who share their disease experiences, for example, cancer
survivors [17-21], patients with diabetes [22], people with
autism [23], and people with psoriasis [24]. Second, health
surveillance researchers have demonstrated the usefulness of
public Twitter data to understand public and patient perspectives

on a range of diseases and health topics, such as COVID-19,
influenza, schizophrenia, smoking, HIV, and patient safety
[25-32]. In some cases, social media user data have also
demonstrated a correlation between disease prevalence and the
frequency with which Twitter users discussed a disease [33].

This study focused on cancer survivors and their family
members and friends who discussed any of the following 6
cancer conditions on Twitter in LA County (breast cancer, colon
cancer, kidney cancer, lymphoma, non–small-cell lung cancer,
and prostate cancer). We hypothesized that their user-generated
data could be used to identify, engage, and potentially recruit
cancer survivors for cancer trials.

Methods

Ethical Approval
This study relied on publicly available Twitter data. The authors
adhered to Twitter’s terms of service and privacy policy [34,35].
Study-related data were collected using REDCap (Research
Electronic Data Capture; Vanderbilt University) at the
University of Southern California (USC), a secure, web-based
application designed to support data capture for research studies.
Any examples of Twitter account descriptions or tweets included
in this report have been paraphrased to ensure user privacy.
Study approval was obtained from the Clinical Investigations
Committee at the USC Norris Comprehensive Cancer Center
(USC Norris; Protocol 0S-17-7) and the Institutional Review
Board at USC (Protocol HS-17-00811). This study was also
registered at ClinicalTrials.gov (NCT03408561).

General Study Design and Study Setting
We set up the study as an interrupted time series with a
before-and-after social media intervention.

The implementation site was USC Norris. Twitter data
monitoring and data analysis were carried out at the School of
Medicine at USC. The study protocol was published in the
Journal of Medical Internet Research Protocols [36].

Intervention

Overview
The social media intervention to be tested in this study involved
2 steps: (1) monitoring cancer-specific posts about 6 cancer
conditions (breast cancer, colon cancer, kidney cancer,
lymphoma, lung cancer, and prostate cancer) posted by Twitter
users in LA County with the goal of identifying cancer survivors
and their family members and friends and (2) contacting eligible
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users via public reply on Twitter to share information about
related cancer trials that were open to accrual at USC Norris.

The intervention was used to identify potential trial participants
(cancer survivors either directly or indirectly through their
family members and friends) for all onboarded clinical trials.
We refer to this approach as centralized trial recruitment
because we clustered the trials into cancer disease groups and
promoted only 6 disease trial groups on Twitter rather than each
individual trial. This approach aligned with the USC Norris
internal screening and triage process where physicians and
clinical research coordinators are divided into disease-specific
teams and thus will consider potential trial participants for all
the relevant trials in the respective disease area. We onboarded
one disease trial group every 2 weeks in a randomized order.
The order in which the cancer trial disease groups were
onboarded in this study was shuffled randomly using a
Fisher-Yates shuffle [37]. Once a clinical trial disease group
was onboarded, the trials in that group remained on for the
period of this study.

Twitter Data Collection
To access public Twitter user data, we used Symplur Signals
[38], a health care social media analytics platform that maintains
a database of disease- and health-related Twitter posts and user
data from the Twitter application programming interface. The
messages that we extracted included at least one of the identified
keywords related to the 6 cancer conditions of interest. The
keywords and hashtags used in the search were determined
using an iterative process based on an established conceptual
framework for social data collection and quality assessment
[39] and the Symplur Signals disease hashtag project [38]. The
complete list of keywords used in the data search is listed in
Multimedia Appendix 1.

Twitter Data Verification and Analysis
We reviewed both retrospective and prospective data posted by
Twitter users in LA County between July 28, 2017 and
November 29, 2018. Because of the focus of the project, the
analysis data set was limited to original tweets. Retweets (ie,
Twitter posts shared by users who did not compose the original
tweet) were removed from the data set. The goal was to identify
cancer survivors and their family members and friends for each
trial disease group. Twitter accounts and posts were reviewed
and coded by 3 independent team members (KR, NL, and Alicia
MacLennan). The coprincipal investigator reviewed any
discrepancies to help resolve instances of disagreement between
the coders.

We used a hybrid approach of qualitative research and machine
learning (ML) methods to reliably determine the Twitter
accounts of cancer survivors and their family members and
friends. First, the classification of cancer survivors was based
on self-reported information by Twitter users in either their
profile description or tweet content. Data from users who did

not clearly state their cancer survivor status (or the cancer
survivor status of a family member or friend) were excluded
from the study. To do so, we manually reviewed each Twitter
account (N=25,032), including the Twitter profile description
(paraphrased example of a Twitter profile description of a cancer
survivor: Hard working man with big dreams, cancer survivor)
and the content from the tweets in our data set (paraphrased
example of tweet from a family member of a cancer survivor:
Here’s an update from my sister about her fight with stage IV
colorectal cancer). Only those data were included in the final
data set in which users (cancer survivors or family members
and friends) clearly mentioned their cancer experience or
survivorship status (eg, on or off treatment). During the data
review, we excluded non-English tweets from the analysis data
set. In addition, 2 research team members independently
reviewed the user accounts and coded the demographic
characteristics of the Twitter users. We used 3 types of data for
this analysis: (1) user profile description, (2) username, and (3)
profile picture. Cases which were not clear were coded unclear.
Because of the limited demographic information on Twitter,
we limited this analysis to sex and race (people of color vs
White).

Second, we used the ML program Brontometer (formerly
BotOrNot) [40] established by Indiana University to verify our
selection of human accounts. The program identifies automated
Twitter accounts, the so-called bots [41], created by industry
and interest groups that influence discussions and promote
specific ideas or products [42,43]. Messages from these accounts
pollute social and health research data sets. Botometer examines
multiple variables such as the account’s network (diffusion
patterns), user (metadata), friends (account’s contacts), temporal
patterns (tweet rate), and sentiment (content of messages) and
detects automated accounts with a 95% success rate [40].

Eligibility

Characteristics of Eligible Clinical Trials
Clinical trials were required to meet the eligibility criteria
presented in Textbox 1. Trial selection was independent of
cancer stage. The 6 cancer trial disease categories were selected
based on 2 factors: the results of a preliminary Twitter data
analysis in California to determine the most frequently
mentioned cancer topics in the region and the number of clinical
trials at USC Norris that were open for accrual at the time.
Between January 1, 2016 and January 30, 2017, we found
36,502 Twitter users in California who had sent a total of
159,396 Twitter messages in English including at least one of
the selected 6 cancer disease terms (unpublished data from
Symplur Signals). A preliminary analysis of clinical trials at
USC Norris between January 1, 2017 and July 7, 2017 identified
84 clinical trials that were open for accrual at the time and were
eligible for this study. We intended to onboard all eligible trials
in the 6 cancer disease areas that were open for accrual at the
time of the onset of this study.
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Textbox 1. Inclusion and exclusion criteria for the clinical trials included in this study.

Inclusion criteria

1. Focus is on one of the 6 cancer disease types: breast cancer, colon cancer, kidney cancer, lymphoma, non–small-cell lung cancer, or prostate
cancer.

2. Is Institutional Review Board–approved and open to accrual at the University of Southern California Norris Comprehensive Cancer Center.

3. Is a phase 1 trial in expansion, phase 2 or 3.

4. Is an interventional trial.

5. Has recruited in English

6. Has recruited for at least 9 months at enrollment.

7. Has set a monthly accrual target of ≥1 and annual accrual target of ≥12.

Exclusion criteria

• Is a phase 1 trial in dose escalation.

Characteristics of Eligible Twitter Users
Participant recruitment for the onboarded clinical trials occurred
on the social network Twitter. The study was limited to those
Twitter users who met the eligibility criteria outlined in Textbox
2. We applied both Boolean and Regex location code categories
(Multimedia Appendix 2) to determine the user locations. Any

Twitter user located in LA County who mentioned at least one
of the selected cancer disease topics (Multimedia Appendix 1)
was contacted via Twitter using the public reply feature. We
included all potential trial participants in this study who
expressed interest in trial participation via Twitter or through
the contact form on the trial webpage (Figure 1). They were
invited to an initial phone prescreening.

Textbox 2. Inclusion and exclusion criteria for identifying eligible Twitter users.

Inclusion criteria

1. Is located in Los Angeles County based on the self-reported description provided on user’s Twitter profile.

2. Mentions in any of their Twitter messages at least one word or hashtag related to the 6 cancer disease types.

3. Message is an original Twitter message or reply to another user’s message

4. Message indicates that Twitter user has been diagnosed with cancer or that they know someone who has been diagnosed with cancer.

Exclusion criteria

1. Is younger than 18 years.

2. Notes that a relative or friend has died of the disease.

3. Retweets (ie, user shares message that other Twitter users sent).

4. Is a cancer survivor in remission with reduced signs and symptoms of the cancer.

5. Is a cancer survivor without any traces of cancer.
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Figure 1. Example of a webpage that includes information about the clinical trials on lung cancer that are open to accrual at the University of Southern
California (USC) Norris Comprehensive Cancer Center. Squares highlight the following page elements: a general video about reasons for participating
in clinical trials, general information about clinical trials and USC Norris, and a privacy disclaimer including a URL link to the privacy policy of the
USC. USC: University of Southern California.

Recruitment of Eligible Twitter Users
Any Twitter user who met the eligibility criteria (Textbox 2)
was contacted via Twitter through the public message reply
feature. No advertised (paid) messages were used in the
outreach. The outreach messages (Textbox 3) were sent to each

user via the @USCTrials Twitter account. Each of the 3
messages served a different purpose in building trust and
fostering investigator transparency [36,44]. The first message
included a link to the related study webpage (Figure 1) that
provided more information and allowed interested users to
contact the trial coordination team.
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Textbox 3. Outreach messages used to contact Twitter users.

Message type and the message

• Reply to the user’s post that mentions the cancer disease including the link to related study webpage: “Dear (name): we noticed your mention of
#kidneycancer and wanted to reach out. Did you know about these open #disease studies @KeckMedUSC? You can find more information here:
(study page link) #ClinicalTrial”

• Message to introduce the research project: “We are reaching out to you as part of a research project trying to understand if Twitter can be used
to better connect patients with clinical research opportunities.”

• Privacy and security disclaimer: “The security of social media is not guaranteed. Contact us about the study. Do not post if concerned about
privacy.”

Participant Compensation
Participants (ie, contacted Twitter users) did not receive
monetary compensation for their participation in the social
media–based outreach but could receive compensation if they
consented to participate in one of the clinical trials, depending
on the trial.

Outcome Measures
The primary study outcomes included the proportion of Twitter
users who (1) were identified on Twitter; (2) engaged with
outreach messages through Twitter replies, mentions, likes,
retweets, direct messages, or contact form use on the trial
webpage; and (3) enrolled in a cancer trial. This paper reports
the results of the tested intervention and related feasibility
outcomes. It does not include the qualitative study results, that
is, results of the qualitative interviews with study coordinators
at the Cancer Center, to assess the feasibility and the level of
acceptance that was also described in the protocol paper [36].

Analysis

Twitter Data Coding
All coding was performed independently by at least 2 research
team members. The Cohen κ coefficient [45,46] was used to
assess the interrater agreement of the 3 coders who analyzed

the Twitter accounts and posts. A coefficient greater than 0.8
was considered substantial for this study.

Statistical Analysis
As this was a pilot study, P values were of limited use to
determine group differences. We used descriptive statistics to
describe our study findings and calculated the proportions of
targeted Twitter users who were identified, engaged with
outreach messages, and enrolled in cancer trials.

Data Sharing
The deidentified and aggregated data that support the findings
of this study are available in the data repository figshare [47-49].

Results

Volume of Cancer-Related Conversations on Twitter
in LA County
Between July 28, 2017, and November 29, 2018, we retrieved
and analyzed 107,424 tweets in English posted by 25,032 unique
Twitter users in LA County (Figure 2). We found user-generated
posts for all 6 cancer conditions. The highest number of tweets
(71,649/107,424, 66.7%) and the highest number of users
(16,474/25,032, 65.81%) were related to breast cancer (Figure
2). The topic lymphoma resulted in the lowest number of tweets
(4883/107,424, 4.55%) and the lowest number of users
(2243/25,032, 8.96%).
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Figure 2. Number of Twitter posts and users in Los Angeles County by cancer type found between July 28, 2017, and November 29, 2018 in the data
set of 107,424 posts.

Cancer Survivors and Their Family Members and
Friends on Twitter in LA County
Of the 25,032 unique Twitter users in LA County who
mentioned any of the cancer conditions, we identified 434
(1.73%) as eligible cancer survivors or their family members
and friends. Approximately one-third (127/434, 29.3%) of them
were cancer survivors, whereas the majority (305/434, 70.3%)
mentioned a family member or friend who had cancer. Less
than (2/434, 0.5%) discussed their own cancer experience and

the cancer of a family member or friend. In (4/434, 0.9%) of
the posts, the person affected by cancer was unclear. Of the 434
users, 175 (40.3%) discussed breast cancer, 86 (19.8%)
lymphoma, 64 (14.7%) lung cancer, 61 (14.1%) colon cancer,
28 (6.5%) prostate cancer, and 20 (4.6%) kidney cancer.

We further attempted to determine the sex and race of the
eligible Twitter users (Table 1) and found that half of them were
female, about one-third were male, and the sex of less than
one-fifth was unclear. More than half of them were White, and
about one-fifth were people of color.
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Table 1. Demographics of the Twitter users who were identified as either cancer survivors or their family members and friends (n=434).

Participants, n (%)Characteristics

Sex

140 (32.3)Male

223 (51.4)Female

71 (16.4)Unclear

Race

99 (22.8)People of color

254 (58.5)White

81 (18.7)Unclear

Responses to Cancer Trial Recruitment Messages on
Twitter
Of the 434 targeted Twitter users we identified as eligible cancer
survivors or their family members and friends, 85 (19.6%)
engaged with the outreach messages (cancer survivors: 33/85,
38% and family members and friends: 52/85, 61%). We defined
message engagement as any of the following user actions (on
Twitter: reply, mention, like, retweet, and direct message and
on the study webpage: contact form used to get in touch with
the trial coordinator). In addition, of the 434 targeted Twitter
users, 7 (1.6%) blocked the project account @USCTrials after
the outreach, and 5 (1.2%) were deceased (based on replies by
relatives or friends on Twitter). Figure 3 presents the results of
the main study procedures.

Positive user engagement regarding the intervention included
feedback (paraphrased) such as:

I just finished my treatment, but this is such a good
use of social media.

Do you know of programs or trials for colon cancer
patients? I would like to learn if my family member
is eligible for trials in the area.

However, it also became evident that some users included
detailed medical information in their responses that posed user
privacy risks, for example (paraphrased):

My wife is stage 4. They found lepto mets in her brain.
After inserting an ommaya reservoir they started
intrathecal chemotherapy, which didn’t work so now
they are considering partial brain radiation. She was
also on letrozole and ibrance but they took her off
due to her low blood counts. We don’t favor brain
radiation and would like another option. Do you have
any related clinical trials?

Engagement with outreach messages varied according to cancer
type. We found the highest level of engagement with the
outreach messages for breast cancer (26/85, 30%), followed by
lymphoma (22/85, 25%), lung cancer (18/85, 21%), colon cancer
(12/85, 14%), prostate cancer (4/85, 4%), and kidney cancer
(3/85, 3%).

We attempted to describe the characteristics of the 85 users who
engaged with the recruitment messages. A quarter of them were
male, whereas the majority were female. About one-fifth were
people of color, whereas the majority were White (Table 2).

We further examined the engagement type with outreach
messages by cancer survivors versus family members and
friends (Figure 4). Of the 85 users who engaged with outreach
messages, 33 (38%) were cancer survivors and 52 (61%) were
family members and friends. Public replies (14/33, 42%), contact
form use (11/33, 33%), and likes (14/33, 42%) were the primary
forms of engagement among cancer survivors, whereas family
members and friends primarily engaged via public reply (24/52,
46%) and likes (26/52, 50%).
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Figure 3. Results for the main study procedures. USC Norris: University of Southern California Norris Comprehensive Cancer Center.
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Table 2. Demographics of the Twitter users who engaged with the outreach messages (n=85).

Participants, n (%)Characteristics

Sex

22 (25)Male

52 (61)Female

11 (12)Unclear

Race

16 (18)People of color

57 (67)White

12 (14)Unclear

Figure 4. Message engagement with outreach messages by cancer survivors versus family members and friends.

Prescreening, Screening, and Enrollment
Of the 85 Twitter users who engaged with the outreach
messages, 10 (11%) requested more information through replies
on Twitter, through emails, or through the use of the contact
form on the trial webpage. Paraphrased example responses are
as follows:

Thank you for sharing this information. How do I
apply? I did not know about this work at USC.

I was diagnosed with colon cancer (stage 3) and had
my operation in December. Now I’m on infusion

chemotherapy treatment, xelox and capecetabine.
Please call me; I’m available by phone.

Of the 10 individuals who requested more information, 1 (10%)
had breast cancer; 5 (50%), colon cancer; 1 (10%), kidney
cancer; and 3 (30%), lymphoma. We followed up with these
users either on Twitter or via email (in the case a user provided
email information) to set up a prescreening phone call, but we
only managed to set up a prescreening call with 40% (4/10) of
them.

We triaged 2 eligible candidates—one with colon cancer and
one with kidney cancer—and referred them to the USC Norris
coordinator team for further screening. One participant qualified
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for kidney cancer clinical trials, and the other qualified for colon
cancer clinical trials. Finally, regardless of the abovementioned
engagement with outreach messages, none of the recruitment
outreach and engagement among Twitter users resulted in
patients enrolling in a trial.

Discussion

Principal Findings
Our findings demonstrate that both cancer survivors and their
family members and friends affected by different cancers can
be found on Twitter based on their social media activity (ie,
posts about cancer). In this study, approximately one-third of
the identified Twitter users were cancer survivors who discussed
their cancer experience, whereas others were family members
and friends. Our data support the findings of previous studies
that showed that both groups were present on social media for
various reasons, such as seeking information resources and
emotional and peer support on the web [17-21,50-52].

We found differences in the volume of posts and users across
the 6 monitored cancer types. These variations could be
explained by cancer prevalence and the size of the respective
disease community on Twitter. For example, breast cancer is
the most common type of cancer among women in the United
States [53] and the third most common type in LA County [54].
It was also the most prevalent cancer topic in our data set (40.3%
of the posts).

Our data further indicate that diverse, non-White cancer
survivors and family members and friends can be found on
social media, although more than half of the identified users
were White. However, the social media user base has grown
more representative of the broader population, and this trend is
expected to continue. According to Pew Research [55], the
percentage of American adults who use at least one social media
site has increased across age groups: for example, among
18-29-year-olds, from 78% in 2009 to 90% in 2019; and among
50-64-year-olds, from 25% in 2009 to 69% in 2019. The same
trend was reported for the racial diversity of social media users,
but it may depend on the location in the United States. For
example, based on data from 2019, on Twitter, 25% of the users
are Hispanic, 24% Black, and 21% White.

Of the 434 targeted Twitter users we identified as eligible cancer
survivors or their family members and friends, 85 (19.6%)
engaged with the outreach messages. Some users included
detailed medical information in their responses, which posed
user privacy risks. Future studies are needed to develop
strategies for managing such responses. We encouraged these
Twitter users to delete their Twitter responses and continue the
conversation with our team via the private direct message feature
on Twitter, email, or phone.

Because of a lack of baseline data, it is challenging to determine
whether we should have expected a higher message engagement
rate. We directly contacted the cancer survivors or their family
members and friends on Twitter who had mentioned the cancer
keywords we were monitoring. We acknowledge that the level
of acceptance of our direct targeting approach might vary among
social media users. Gelinas et al [44] described this form of

recruitment as active, which “occurs when research staff
approach and interact with specific individuals with the aim of
enrolling them in research, usually on the basis of knowledge
of characteristics that would make them suitable candidates for
particular trials” [44]. However, before we implemented this
pilot study, we examined the level of concern among Twitter
users and nonusers about using Twitter surveillance data to
recruit potential clinical trial participants [56]. We found that
most Twitter users did not consider monitoring Twitter for
clinical trial recruitment as inappropriate surveillance or a
violation of privacy. That said, the expressed attitudes were
highly contextual, depending on factors such as the type of
disease or health topic (eg, HIV vs cancer vs smoking), the
entity or person monitoring users on Twitter, and the monitored
information. We found that the monitoring of Twitter user data
related to HIV raised the highest level of concern compared
with monitoring related to cancer, HPV, obesity, or smoking.
This may be partly because HIV is still associated with stigma
[57]. Bender et al [58] suggested that “within health information,
there are gradients of sensitivity,” and certain health topics and
disease types, such as cancer, may be considered less sensitive
personal health information.

Furthermore, we did not tailor the content and language of the
outreach messages to specific sex or racial and ethnic groups.
Doing so may aid in engaging diverse social media users.
One-fourth of those engaged with outreach messages were male,
whereas more than half were female. About one-fifth were
people of color, whereas more than half were White. Future
research could assess the effectiveness of culturally tailored
messaging strategies for this type of active recruitment.

Although one-fifth of the targeted Twitter users engaged with
the outreach messages, our team was challenged to translate
this type of user attention into prescreening phone calls,
screening, and ultimate trial enrollment. We were cautiously
optimistic that we would be able to enroll trial participants using
this method. Our goal was to establish an effect size using the
pilot data. However, we did not complete any enrollment.
Nonetheless, we believe that the identification of cancer
survivors and family members and friends creates opportunities
for study recruitment and intervention research. Future research
should examine the barriers to social media–based clinical trial
recruitment.

The fact that less than half of the identified Twitter users
responded to our efforts to set up a phone call indicates that
successful social media engagement may not correlate with
clinical trial enrollment. Without additional research into the
barriers to social media–based clinical trial recruitment, it is
difficult to identify adjustments required for the study design.
Inputs from social media–based patient communities could shed
light on the issue of the significant drop-off.

The barriers to follow through are still unknown and need to be
studied. The lack of follow-through could be because of the
variables that affect downstream clinical trial processes, such
as screening and consenting. These aspects of the recruitment
process are unrelated to social media monitoring and outreach.
In addition, barriers can be at the patient level (eg, education
about clinical trials and financial barriers), at the system level
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(eg, inability to take time off work to schedule calls or
appointments), or even at the community level (eg, lack of
public transportation to the site and lack of resources) and can
include factors related to the social determinants of health [7,59].
Approaches such as patient navigation have proven to be
effective in addressing barriers at multiple levels in other settings
[60] and could be adapted for social media–based recruitment
methods. Digital forms of patient navigation could employ
digital disease community members, influencers, and disease
advocates on social media. We propose virtual focus groups
and in-person interviews with cancer survivors on social media
to identify barriers and facilitators of digital trial recruitment
efforts and other types of interventions.

A detailed cost-effectiveness analysis was not included in this
pilot study. However, information about the time and staff
required may prove helpful in informing similar surveillance
recruitment efforts. In this 1-year pilot, 4 team members were
involved (10%-50% effort) to plan and implement the study
(eg, developing the search strategy and weekly searches, coding
extracted tweets and users to determine cancer survivors and
family members and friends, sending outreach messages,
tracking responses, following up and prescreening, and
coordinating with the Cancer Center team). Future studies could
conduct more robust cost-effectiveness and sustainability
analyses.

Limitations and Challenges
We recognize that this is a pilot study and that the
generalizability of the results is somewhat limited because
cancer-related Twitter messages from locations outside of LA
County and non-English messages (eg, Spanish) were not
included. Moreover, social media interventions favor those with
internet access and exclude those without, thus introducing bias
in the participant population. The social media user base on
Twitter is generally younger (38% are aged 18-29 years),
college-educated, and located in urban or suburban areas [53]
compared with the average study participant. Thus, recruiting
via Twitter has the potential to select for this segment of the

population and could therefore introduce bias. Future research
should determine the extension of the findings and conclusions
to the population at large.

Much of the Twitter data we used were prospective. However,
we also included retrospective social media data (ie, relevant
Twitter messages sent by users in LA County 6 months before
the onset of the study). Whether a user’s message was posted
1 week or 6 months ago may have affected the user’s
engagement with the outreach messages. It is also possible that
factors such as disease awareness months and trending news
affect the attention to outreach messages.

Finally, the classification of cancer survivors was based on
self-reported information from Twitter users. Although we
excluded any data from users who did not clearly state their
cancer survivor status (or the cancer survivor status of a family
member or friend), there is a risk of misclassification,
particularly if users provide false information. However, we are
not aware of any research that suggests patient imposters on
social media, that is, individuals falsely posing as patients.

Conclusions
Our findings demonstrate the potential of identifying and
engaging cancer survivors and their family members and friends
on Twitter, but we were unable to enroll clinical trial
participants. However, we believe that the identification of
cancer survivors and family members and friends creates
opportunities for study recruitment and intervention research.
Future research could examine barriers to this type of social
media–based clinical trial recruitment, ways to tailor efforts
downstream of the initial engagement, such as prescreening,
screening, and consenting to the preferences of digital
populations on social media, and the feasibility of the approach
for other diseases, locations, languages, and social media
platforms. Furthermore, the integration of computer science
approaches such as deep learning, ML, and natural language
processing to scale up the analysis of larger data sets would
further support more rigorous testing of the intervention.

 

Acknowledgments
The authors acknowledge and thank Dr Anthony El-Khoueiry and Sarah Cole from the University of Southern California Norris
Comprehensive Cancer Center for their inputs on the study design and help in aligning the study procedures with those at University
of Southern California Norris. The authors also thank Alicia MacLennan for her help with data collection and cleaning. This
work was supported by the Southern California Clinical and Translational Science Institute (grant UL1TR000130) from the
National Center for Advancing Translational Sciences of the National Institutes of Health. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the National Institutes of Health and National Center for
Advancing Translational Sciences.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Cancer-specific keywords and hashtags were used to monitor Twitter user conversations in Los Angeles County.
[DOCX File , 25 KB - formative_v5i11e29958_app1.docx ]

Multimedia Appendix 2

JMIR Form Res 2021 | vol. 5 | iss. 11 |e29958 | p.593https://formative.jmir.org/2021/11/e29958
(page number not for citation purposes)

Reuter et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

formative_v5i11e29958_app1.docx
formative_v5i11e29958_app1.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Boolean and Regex location code categories were used in this study to determine a user’s location in Los Angeles County.
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Abstract

Background: Individuals with sickle cell disease (SCD) and their caregivers may benefit from technology-based resources to
improve disease self-management.

Objective: This study explores the preferences regarding a mobile health (mHealth) app to facilitate self-management in adults
with SCD and their caregivers living in urban and rural communities.

Methods: Five community listening sessions were conducted in 2 urban and rural communities among adults with SCD and
their caregivers (N=43). Each session comprised 4 to 15 participants. Participants were asked questions on methods of finding
information about SCD self-care, satisfaction with current methods for finding SCD management information, support for SCD
management, important features for development of an mHealth app, and areas of benefit for using an mHealth app for SCD
self-management. An inductive-deductive content analysis approach was implemented to identify the critical themes.

Results: Seven critical themes emerged, including the current methods for receiving self-management information, desired
information, recommendations for communicating sickle cell self-management information, challenges of disease management,
types of support received for disease management, barriers to and facilitators of using an mHealth app, and feature preferences
for an mHealth app. In addition, we found that the participants were receptive to using mHealth apps in SCD self-management.

Conclusions: This study expands our knowledge on the use of mHealth technology to reduce information access barriers
pertaining to SCD. The findings can be used to develop a patient-centered, user-friendly mHealth app to facilitate disease
self-management, thus increasing access to resources for families of patients with SCD residing in rural communities.

(JMIR Form Res 2021;5(11):e28678)   doi:10.2196/28678
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Introduction

Background
Successful disease self-management improves health outcomes
and decreases overall health care use [1,2]. For patients with
chronic conditions, who are living in rural or medically
underserved communities, self-management is essential because
of their limited access to health care services and specialty care
[3]. Technological advances present an opportunity for patients
to access resources and health care providers to facilitate disease
self-management. Past research has demonstrated that
technology-based self-management tools are effective platforms
for improving communication with health care providers, for
patient education, for goal-setting and self-monitoring, for health
care delivery, and for patient engagement [4-6]. Furthermore,
health care organizations promote the use of technology-based
interventions to minimize the disparities among vulnerable
populations and extend the reach of care [7-12].
Technology-based interventions could potentially improve
self-management in individuals with sickle cell disease (SCD),
particularly for those residing in rural areas with limited access
to specialty care (eg, hematology).

SCD is a blood disorder caused by the inheritance of 2 abnormal
beta-globin alleles [13]. The most common form of SCD, both
in the United States and worldwide, is homozygous hemoglobin
SS, SCD/sickle cell anemia [14]. The disease affects
approximately 100,000 individuals in the United States [15-17].
Individuals with SCD may experience acute and chronic
complications because of ongoing vaso-occlusion crises
secondary to hypoxia-induced sickling [18]. Acute pain is a
hallmark of vaso-occlusion crises [19]. However, these
individuals can develop stroke, priapism, and acute chest
syndrome. Over time, acute vaso-occlusion episodes can result
in chronic disease manifestations in end organs, such as poor
renal, cardiac, pulmonary, and vascular dysfunction [20].
Therefore, disease management with a multidisciplinary team
is crucial for managing SCD.

Although disease management is important, access to
subspecialists is not readily available to all patients with SCD.
Furthermore, education and interactive methods that prepare
patients with SCD to implement self-care strategies to manage
their disease are also limited. Therefore, having access to
self-management tools could lead to a better understanding of
disease management, increased adherence to self-care behaviors,
and enhanced management of physical symptoms among
individuals with SCD. Evidence of effective SCD
self-management includes medication adherence, body
temperature control, attention to appropriate food intake and
hydration, and moderate exercising [21,22].

Objectives
Self-management programs incorporating mobile health
(mHealth) apps are emerging and have demonstrated success

in self-care behaviors (eg, tracking pain, communicating with
providers, and communicating with other individuals with SCD)
in research studies targeting adolescents and young adults with
SCD [23-25]. However, many of these studies did not include
adults beyond the age of 22 years, who could also benefit from
the mHealth resources. Furthermore, to our knowledge, there
are no studies that have elicited input from patients on the
usefulness of SCD mHealth apps for self-management, with a
noticeable omission of patients and caregivers in rural
communities [26]. These research gaps limit our insight into
how mHealth apps could improve self-management among
patients with SCD and caregivers, in general, and those residing
in rural areas with limited access to subspecialty care, in
particular. Tailoring health management technology to align
with all needs of patients with SCD and preferences is necessary
to increase access but may have implications for acceptance of
these programs [27]. This study aims to contribute to the
research and disease self-management practices of adults with
SCD and their caregivers. Our sample included participants
residing in urban and rural communities. The overall purpose
of our study was to describe the preferences for mHealth app
features designed to facilitate disease self-management.

Methods

Partnership
The researchers collaborated with the Sickle Cell Foundation
of Tennessee (SCFT), a community-based organization serving
patients with SCD and their caregivers. For this study, caregivers
included the parents and spouses of individuals with SCD
[28-30]. Representatives of the foundation were equal partners
throughout each phase of the study, as described in the
subsequent sections.

Recruitment and Study Population
The participants were recruited through the SCFT. Recruitment
strategies included sending emails through the SCFT listserv
and announcements made through SCFT support group
meetings. Flyers were also distributed at hematology clinics in
Memphis and Nashville, Tennessee. When participants contacted
the organization or the researchers to express interest, they were
asked about their city of residence. This self-reported
information allowed us to ensure geographic diversity in the
sample by including representation for participants from both
urban and rural communities.

Five community listening sessions were conducted with adults
having SCD and their caregivers in urban (3/5, 60%) and rural
communities (2/5, 40%). A community listening session is a
qualitative research method in which a group of people with
diverse backgrounds and perspectives express their views on
an important issue [31]. These sessions have demonstrated
success because they are led by a trained community leader who
is well-known within the target group and are less structured
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than focus groups [31,32]. Our sessions ranged from 4 to 15
participants each (N=43).

Training
Before the community listening sessions, the research team
conducted facilitator training using a manualized moderator’s
guide. Facilitators included the SCFT director and 2 community
health workers who were well-known to the Tennessee SCD
community through their advocacy. The manualized moderator’s
guide was developed jointly by the research team and the SCFT
community partners. Members of the research team were
PhD-level researchers with a qualitative research experience.
In addition to receiving training in SCD management, the
community listening session facilitators were trained in
qualitative research as part of a larger patient engagement project
[33]. Another aspect of the training included a 2-hour session
on practical group engagement, which consisted of dyadic role
playing, where the facilitators engaged in reflective techniques
to encourage group discussion and establish group cohesion.

The questions posed during the community listening session
focused on (1) methods to find information about SCD self-care,
(2) satisfaction with current methods for finding SCD
management information, (3) support for SCD management,
(4) important features of an mHealth app, and (5) benefits of
using an mHealth app for SCD self-management.

Procedures
Written informed consent was obtained from all the participants.
The community listening sessions lasted approximately 2 hours
and were audio-recorded. The facilitators explained the ground
rules, which included the following statements: (1) everyone
is encouraged to participate, (2) be respectful of other
participants’ responses, (3) there are no wrong or right
responses, (4) one participant should respond at a time, and (5)
feel free to ask questions anytime during the session. Before
beginning the session, the participants completed a brief survey
assessing their demographics and technology access. Each
participant was reimbursed with US $25 for partaking in the
study. This study was approved by the institutional review board
of Vanderbilt University.

Analysis
Coding and analysis were managed by the Vanderbilt University
Qualitative Research Core, led by a PhD-level psychologist.
Before the analysis, all sessions were commercially transcribed
verbatim. An inductive-deductive content analysis approach
was implemented to identify the critical themes [34]. The
consolidated criteria for reporting qualitative research, an
evidence-based qualitative methodology checklist, was used to
guide the coding and analysis of the data [35]. Study questions
and a preliminary review of transcripts were used as guides for
developing a hierarchical coding system. A preliminary review
of transcripts began after 2 listening sessions, allowing
experienced coders to ensure reliability in using the coding
system. Reliability is a process in which coders establish an
agreement upon understanding the coding system [36]. Two
coders encoded the same transcript and then compared and
discussed any differences between their codes. The finalized
code was used as data. After reaching consensus on the 2
transcripts, the subsequent transcripts were independently coded
[36]. The coding of each transcript was compared, and any
discrepancies were resolved to create a single-coded transcript.
Each sentence was treated as a separate quote and assigned to
5 different codes. The transcripts were then combined and sorted
using code. The analysis consisted of interpreting the coded
quotes and identifying higher-order themes using an iterative
inductive-deductive approach.

Results

Participant Characteristics
Table 1 presents the demographic characteristics of the
participants. Most of the participants were women (30/43, 70%)
with an average age of 45 years (SD 12.3), had an SCD genotype
SS or SC (19/43, 44%), indicated their health status as fair to
good (25/43, 58%), and had a household income of <US $35,000
(25/43, 58%). Nearly half of the study participants (20/43, 47%)
were unemployed. All the participants owned a smartphone to
access mobile technology. Most participants had a smartphone
with an iPhone (Apple Inc) operating system (25/43, 58%) and
felt comfortable connecting to the internet on their smartphone
(20/43, 47%). There were 67% (29/43) of participants who
agreed that if an mHealth app offered information on SCD
self-management, they would use it.
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Table 1. Characteristics of patients and caregivers (N=43).

ValuesCharacteristics

44.8 (SD 12.3)Age (years), mean (SD)

Sex, n (%)

30 (70)Female

13 (30)Male

SCDa genotype, n (%)

10 (23)Hbb SSc

9 (21)Hb SCd

1 (2)Hb Sβ0e

4 (9)Hb Sβ+f

4 (9)Unknown

Stakeholder group, n (%)

36 (84)Patient

7 (16)Caregiver

Health insurance status, n (%)

6 (14)Uninsured

13 (30)Private insurance

19 (44)Medicaid or Medicare

5 (12)Unknown

Perceived health status, n (%)

4 (9)Excellent

9 (21)Very good

10 (23)Good

15 (35)Fair

1 (2)Poor

4 (9)Unknown

Education, n (%)

3 (7)Some HSg

4 (9)High school diploma or GEDh

17 (40)Some college

13 (30)College degree

6 (14)Unknown

Marital status, n (%)

23 (54)Single

10 (23)Married

6 (14)Divorced

4 (9)Unknown

Employment status, n (%)

20 (47)Unemployed

7 (16)Employed (part time)

12 (28)Employed (full time)

4 (9)Unknown
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ValuesCharacteristics

Household income level (US $), n (%)

8 (19)≤10,000

12 (28)10,001-25,000

5 (12)25,001-35,000

4 (9)35,001-45,000

9 (21)>45,000

5 (12)Unknown

aSCD: sickle cell disease.
bHb: hemoglobin.
cHb SS: sickle cell disease or sickle cell anemia.
dHb SC: sickle cell C disease.
eHb Sβ0: sickle cell beta thalassemia zero.
fHb Sβ+: sickle cell beta thalassemia plus.
gHS: high school.
hGED: general educational development.

In capturing the participants’ perspectives, 7 themes emerged:
(1) current methods for receiving self-management information;
(2) desired information; (3) recommendations for
communicating sickle cell self-management information; (4)
challenges of disease management; (5) types of support received

for disease management; (6) barriers to and facilitators of using
an mHealth app; and (7) feature preferences for an mHealth
app. For each major theme, 2 or more categories were identified
and have been presented in Textbox 1 along with illustrative
quotes.

Textbox 1. Current methods for receiving self-management information. Illustrative quotes are examples from community listening participants used
to develop the categories.

Illustrative quotes

Health care providers:

• “The doctor is going to tell to take my medication.” [LS1]

• “It’s through your doctors, is the main thing.” [LS1]

• “Social media, the doctor.” [LS2]

Personal experience:

• “I've been going through it for so many years I kind of know what the doctors gonna tell me.” [LS1]

• “The years of experience having it helps you to control it better.” [LS2]

• “I've been going through this all my life so I know a pretty bit a much about it.” [LS3]

• “A lot of learned things that we can, and can’t, or shouldn’t do through trial and error.” [LS4]

Internet:

• “If you’re not able to be with your doctor at that time where you can find something.” [LS1]

• “I get a lot from social media.” [LS2]

• “On the internet.” [LS3]

• “We used the websites in early days.” [LS4]

Other individuals with sickle cell disease:

• “Getting our men to talk together.” [LS2]

• “Talking to each other, it’s like we’re the same people sometimes because we all go through the same thing, and we bounce information off of
one another.” [LS4]

• “My grandmother already had it, so we already understood how we was going to get through this.” [LS4]
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Theme 1: Current Methods for Receiving
Self-management Information
This theme explained how the participants learned about the
various methods of disease management. We identified 4
categories of these methods: health care providers, personal
experience, internet, and other individuals with SCD. Health
care providers were the primary source of self-management
information. The participants admitted to becoming more
knowledgeable about SCD and managing its symptoms through
their health care providers, “The doctor is going to tell to take
my medication” (LS1). However, because every patient is
different, participants also indicated that they relied on their
personal lived experiences to guide self-management. For
example, one participant stated, “The years of experience having
it helps you to control it better” [LS2]. Participants also
mentioned learning about sickle cell (disease) from other
individuals with SCD. This appears to be an important method
for information that resonates among participants; “Talking to
each other, it’s like we’re the same people sometimes because
we all go through the same thing” [LS4]. In addition,

participants stated that the internet was a source of learning
about self-management techniques. Specific internet sites
included finding information on social media. One participant
stated, “I got a lot from social media” [LS2].

Theme 2: Desired Information
The desired information theme reflected the areas in which the
participants wanted more knowledge (Textbox 2). The 2
categories of information were SCD and SCD treatment.
Participants expressed a desire to learn more about the
differences in symptoms among males and females, along with
steps to manage their care: “I would recommend something
along the lines of distinguishing protocols and forces of action
for male and female” [LS1]. Some other participants had
questions about disease management. For example, one
participant indicated, “Do’s and don’ts. Yeah, just some basic
lists, create a list of those types of things to share and
communicate” [LS4]. Overall, despite receiving care for SCD,
knowledge gaps still existed between the disease and the options
to facilitate its self-management.

Textbox 2. Desired information. Illustrative quotes are examples from community listening participants recruited to develop the categories.

Illustrative quotes

Sickle cell disease (eg, types and symptoms):

• “Any other stress factors or different things like that, that I think are different between men and women.” [LS1]

• “I can concur there is a big dip there (surrounding SCD) for the college students struggling to figure out.” [LS2]

• “Direct sickle cell. Like you said it’s different ones. The ones pertaining to yourself.” [LS3]

• “I just wonder why it’s not out there a bit more about the trait that has symptoms.” [LS3]

Treatment:

• “The biggest gap that I have seen in coming from the standpoint of the patient, is a transitional period.” [LS2]

• “In Memphis about treatment about possible cure for sickle cell disease.” [LS3]

• “New studies, new medications.” [LS4]

• “I think that it’s kind of going back to that point where I think about some of the cancer examples.” [LS5]

• “I’ve heard about where they’re super engaged. They know about this study being done over there.” [LS5]

Theme 3: Recommendations for Communicating Sickle
Cell Self-management Information
This theme describes the participants’ reflections on strategies
to increase their knowledge of self-management (Textbox 3).
The categories within this theme included suggestions on how
the information could be improved, how the information was
used in daily disease management, and the preferred methods
for receiving the information. The participants agreed that
communicating information within a community was important.
For example, one participant stated, “I think when you go back
out to these communities there should be probably a stronger
dialogue between where are we in terms of what can we do and
what they want to see done” [LS5]. Regarding the use of

information for daily disease management, a participant stated,
“We have to kind of construct the feedback you get from the
general population in a way that we can act on” [LS5]. For the
preferred methods for receiving information, the participants
discussed tailoring of information. For example, “I think that
part of the trick is finding out how those are incorporated into
how a person goes through their life” [LS5]. Both categories
seemed to indicate a need for more specific information that
may be incorporated into daily disease self-management.
Although many discussed using the internet to receive
information, one participant also acknowledged the importance
of finding reputable sites, “They taught you to actually go to
reputable sites and look for stuff because we know that anybody
can put stuff on the internet” [LS2].

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28678 | p.602https://formative.jmir.org/2021/11/e28678
(page number not for citation purposes)

Mayo-Gamble et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Textbox 3. Recommendations for communicating sickle cell self-management information. Illustrative quotes are examples from community listening
participants recruited to develop the categories.

Illustrative quotes

How information could be improved:

• “The biggest gap that I’ve seen in coming from the standpoint of the patient, is a transitional period. It’s either pediatrics or they’re adults.” [LS2]

• “You’re right. Stop telling these kids they not going to live long.” [LS4]

• “I think when you go back out to these communities there should be probably a stronger dialogue between where are we in terms of what can
we do and what they want to see done.” [LS5]

How information is used for daily disease management:

• “And they can email me that list or it could show up somewhere for me to access it.” [LS1]

• “We have to kind of construct the feedback you get from the general population in a way that we can act on.” [LS5]

Preferred methods for receiving information:

• “And it would be in my phone so the next time I go, and be like, you know, you see this, you know.” [LS1]

• “Put it on the phones so I can get a reminder. Put on the calendar, whatever.” [LS4]

• “I think that part of the trick is finding out how those are incorporated into how a person goes through their life.” [LS5]

Theme 4: Challenges of Disease Management
This theme captures the difficulties experienced by the
participants in maintaining a healthy lifestyle with SCD.
Categories included limited self-care, limited provider
knowledge on SCD, provider disrespect or dismissiveness,
inadequate care, and the impact of disease on personal
relationships. Limited provider knowledge on SCD is illustrated
by the following quote, “They went to school and learned from
books, but they can't know everything, you know” [LS3]. Many
participants expressed that they were displeased by the responses
from the providers when they asked questions about managing
their disease. Participants also discussed the experience of

feeling dismissed or disrespected by a provider, “You gonna
get in and they ain’t going to listen to nothing you tell them”
[LS1]. Participants also felt the care they received from the
providers was inadequate, “It don't matter the disease, sickle
cell, we still treated like some of the bottom” [LS3]. As indicated
in Textbox 4, this treatment was often experienced in emergency
room settings. In addition, the participants described the toll
that the disease management took on their personal relationships.
One participant stated, “I can take a big amount of pain, so I try
to hide my pain because it’s people that depend on me and I
don’t be wanting to let them down” [LS3]. Participants also
shared that they “hide their pain because they do not want others
to feel sorry for them.”
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Textbox 4. Challenges of disease management. Illustrative quotes are examples from community listening participants recruited to develop the categories.

Illustrative quotes

Limited self-care:

• “It's like I don't care how intense the pain is, I'll check and see how I feel tomorrow. I'll check tomorrow. If I put it off hopefully I’ll start feeling
better.” [LS2]

• “Partying, drinking knowing that you can dehydrates us and put us in a crisis. Just doing everything that we shouldn't be doing.” [LS4]

• “If I don't take my medicine on a daily basis it because I don't feel good and I go through that blood issue a lot and I don't feel good.” [LS4]

• “I’m just stubborn you know? My wife has to make me go to the hospital.” [LS1]

Limited provider knowledge on sickle cell disease:

• “I could remember at [...] State, and being in the health center and they didn’t have a clue as to, you know, what to do.” [LS1]

• “Yeah, more than my doctors. They think they know everything.” [LS3]

• “What may work for me doesn't work for you. What may work for him, doesn't work for her. The doctors need to realize that.” [LS4]

• “When I was sick as a child. They had no idea what sickle cell was in the town that I grew up in.” [LS4]

• “Right now sickle cell is one page in their medical book.” [LS4]

• “I feel like I'm treated better when somebody is with me. when you go to the ER with them, the time that it takes for them to get you back, and
get your information, and to see if it's okay to get medication, or IV.” [LS4]

• “Sickle cell, we still treated like some of the bottom. No matter the disease period, it has to start somewhere.” [LS4]

• “There's going to be ignorance towards the disease, you'll just so happen to get most of it and it’s frustrating.” [LS4]

• “Lack of education of providers around SCD.” [LS5]

Provider disrespect or dismissiveness:

• “Like you said we tell them it's a 10, and they're like ‘Are you sure?’ You know, you don't, they don't say ‘Are you sure it's a 10?’” [LS1]

• “And I've had nurses try to, you know, you know, stick me. And I tell them, you know, ‘It's gonna be hard.’ Oh no, and then they missed it.”
[LS1]

• “I had an episode where I went to the hospital and he came in, listened to me, ask me what was going on, walked out the room, the nurse came
back in and said, ‘He’s going to send you home.’ Didn't do nothing.” [LS4]

• “I can tell them, ‘This is what I need you to do, Do A, B, C, D.’ And guess what he does, D, F, G. He ain’t heard what I said. He ain’t heard
nothing I just told him.” [LS4]

• “Because they get abused in the system. ‘Why are you here? Is this any different than before?’” [LS5]

Inadequate care:

• “But, if I get to the hospital, and they’re not giving me any more than I can already take at home, I’m getting frustrated.” [LS1]

• “You find it more on children but adult, you’re gonna be in the emergency room two or three hours before you get any help anyway and you
might’ve could’ve stayed at home and got yourself together a little bit more, you know?” [LS2]

• “You gonna get in and they ain’t going to listen to nothing you tell them, so it’s like you was fighting a no win situation. [LS3]

• “I had a doctor walk in the room. I’m in full blown crisis. I’m sweating, everything going crazy. He walks in the room, look at me, “What’s
wrong?” Did tell him what’s wrong. He walked right back out the room and never came back.” [LS4]

• “Even when we have therapy in general for pain management, we only have four slots a day for 260 patients, and that’s not guaranteed. That’s
also a burden to kind of try to fix what we actually can.” [LS5]

Impact of disease on personal relationships:

• “Cause you go from spouse to mother.” [LS1]

• “With me, I can take a big amount of pain so I try to hide my pain because it's people that depend on me and I don't be wanting to let them down.”
[LS3]

Theme 5: Types of Support Received for Disease
Management
This theme focuses on interpersonal relationships that can
support maintaining a healthy lifestyle (Textbox 5). The

categories of support that were discussed included emotional
and informational support from family, health care
accompaniment, and practical assistance with physical care.
Participants explained the benefit of familial social support
including, “I typically will call people that I know in my
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network, that understand the disease. Most of my friends, most
of my family, people that I know, I've pretty much got them
educated on it” [LS4]. This also suggests that SCD
self-management may require patients to act as educators for

members of their support network. The participants also
discussed examples of families helping with physical care. For
example, one participant stated, “People try to help with the
massages and all” [LS3].

Textbox 5. Types of support received for disease management. Illustrative quotes are examples from community listening participants recruited to
develop the categories.

Illustrative quotes

Familial:

• “Helping me talk to the doctor. ‘Well what happen if she has to take this, this, and this?’” [LS1]

• “At this point it’s me and my husband understands. When I was younger it was my mom, my grandmother, my dad.” [LS4]

• “Yeah. Poor performing physicians get a lower salary reimbursement from the hospital, so they started paying attention to these families, but we
have to empower the families to know how to complain.” [LS5]

Health care accompaniment:

• “Definitely nurse or advocate because my mom used to be a nurse at Vanderbilt, so. When it was her, she would go into nurse mode.” [LS1]

• “It's cold, I'm in pain and I'm mad and my boyfriends like, ‘Well what is this room? Where is she at on the list?’” [LS1]

• “He's still in the process of learning so when stuff happens, something like that, especially if we're going to a doctor... he can kind of answer the
questions for me.” [LS1]

• “Never go by yourself you really can’t talk while you’re in pain. You’ll be sitting there.” [LS4]

• “The mother is not going home. The mother will say, Doc, this is what the national guidelines say. Why you sending me home?” [LS5]

Physical care:

• “Yeah, they know, you know, I’m supposed to take folic acid... supposed to take a mild [non-steroidal anti-inflammatory] if I feel any minor
pain coming on.” [LS1]

• “Bring me some water or something or something.” [LS3]

• “People try to help with the massages and all.” [LS3]

Theme 6: Barriers to and Facilitators of Using an
mHealth App
This theme emphasizes the perceived obstacles and benefits of
using an mHealth app to assist with disease management
(Textbox 6). We identified 3 levels of barriers and facilitators:
patient, app-specific, and provider. Patient-level barriers
included characteristics of the participants that would prevent
them from using the application. This included apprehension
toward internet use. For example, “I do community outreach
and a lot of people are not computer savvy. Some people don't
want to have nothing to do with the Internet” [LS3]. In addition,
participants acknowledged that after consistent use of the
application, there was the potential to ignore alerts:

That takes to not turning your notifications off your
phone. Cause I’m quick to turn the notification off on
everything cause that phone.... [LS4]

The facilitators explained the benefits of using an mHealth app.
These factors would make it easier for the participants to use
or become more interested in using the app. For example, a
participant reported, “so I think it would be very helpful,
especially for a sister or a spouse, whoever is with you that day”
[LS4]. Another participant shared that a facilitator to using an
app was as follows:

...if it had simple interface, something easily
configurable that I don’t have to go and do a lot...if
it imports my medical records that would be fantastic.
[LS1]
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Textbox 6. Barriers to and facilitators of using a mobile health app. Illustrative quotes are examples from community listening participants recruited
to develop the categories.

Illustrative quotes

Patient level:

• “Doesn’t pay the phone bill.” [LS1]

• “The same thing that would prevent me from forgetting my medicine. I would get busy, the change in schedule.” [LS2]

• “Some people are just not familiar with an app.” [LS3]

• “If you can't use internet, I don't know what would make it easier.” [LS3]

• “The problem is, she has had strokes so she can't do her hands in order to do things smartphone.” [LS3]

• “That takes to not turn your notifications off your phone. Cause I’m quick to turn the notification off on everything cause that phone get to bling,
bling, bling, bling.” [LS4]

• “I probably open three of them because of practice and maybe one of them because of my own health.” [LS5]

App-specific:

• “If it’s not user-friendly you're not gonna get much success out of it either thought.” [LS1]

• “Some apps ask you to connect to different servers with both monitoring and notification and stuff like that.” [LS2-context]

• “A technology, especially in the world that we’re in and some stuff that we’re kind of working on already, has the ability because everybody has
smart phones.” [LS5]

Provider:

• “Are the doctors buying into this app, because it’s just an app?” [LS4]

• “Each doctor going to do something different.” [LS4]

• “Okay, hypothetically, you go into the emergency room. And you show them this app. This is what I need and this is my information. And he
don't follow it.” [LS4]

Theme 7: Feature Preferences for an mHealth App
Feature preferences included various features that would
facilitate SCD self-management. Four key features were
identified: alert system, communication with providers,
information tracker, and the ability to interact with caregivers
(Textbox 7). Participants stated that they wanted an alert system.
For example, “Alerts you or reminds you to...Don’t forget your
folic acid” [LS1]. Another participant stated, “Put it on the

phones so I can get a reminder” [LS4]. Participants wanted to
be able to maintain communication with their providers through
the mHealth app. One participant stated, “Even if the app was
able to alert or connect to a patient registry or to allow them to
email doctors if they are almost in a crisis” [LS2]. Other
suggestions for an mHealth app were to have an information
tracker and a feature that could enable an individual to interact
with their caregiver.
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Textbox 7. Feature preferences for a mobile health app. Illustrative quotes are examples from community listening participants recruited to develop
the categories.

Illustrative quotes

Alert system:

• “Alerts you or reminds you to...Don't forget your folic acid.” [LS1]

• “I would actually like for it to give me alerts or triggers.” [LS1]

• “With me, when I’m puttin’ in certain things like it tell you went over your carbs for the day or whatever put in the day it’s something that children
realize until you get the alert.” [LS2]

• “Put it on the phones so I can get a reminder.” [LS4]

Communication:

• “Even if the app was able to alert or log in somehow connect to a patient registry or whatever to allow them to email doctors to alert them if they
are almost in a crisis based on the information.” [LS2]

• “I think the app should have a daily tracker. Just somebody came how's your mood today? How are you feeling today?” [LS2]

• “Is it like a way the app could be linked into the hospital or clinic's computer cause that way any info you putting in the app already will be there
anyway. I mean, if that’s the case then when you get to the emergency room or to the clinic... the computer already shows them whatever they
need to know from your app.” [LS4]

Information tracker:

• “It shows like all your medications and the things you kind of track that stuff, track down the time that the nurses come in and give her medicine,
what they giving her, how many milligrams.” [LS4]

• “I think the app should have a daily tracker. Just somebody came how’s your mood today? How are you feeling today? Over time I think that
information would be helpful when you do have to go see your doctor...” [LS2]

Ability to engage caregiver:

• “Just preventative things to that a caretaker can read.” [LS1]

• “You tell the caregiver that, you know, make sure you go... Give them time for the medicine to work kind of thing.” [LS1]

• “Giving some expected measures of time for a caregiver to say, you know, ‘Hey check on them. Let them rest. You know, no noise, stress relief,
close the door, shut the blinds.’” [LS1]

• “You can have like a preventive section for the caregiver to also refer to before it even gets to the point where you're at the hospital.” [LS1]

• “Leave me alone. Go look at the app.” [LS3]

• “I was going to ask from a caregiver’s perspective, we were talking about the app... an app where you kind of track that stuff, even stuff like,
she’s a hard stick so there might be one person in the whole hospital that can get a line off her. Something simple like recording the name of that
person.” [LS4]

Discussion

Principal Findings
Studies have demonstrated the efficacy of mHealth
self-management interventions in improving clinical health
outcomes. This study describes the preferences for mHealth app
features to facilitate self-management in adults with SCD and
their caregivers residing in urban and rural communities. The
patient and caregiver inputs confirmed key findings from the
literature and exposed the gaps in realizing the needs of patients
with SCD and their caregivers in disease management.

In our study, participants were interested in using an SCD
mHealth app to increase their ability to communicate with health
care providers. This was similar to the findings of other
qualitative studies on the benefits of mHealth for patients with
chronic health conditions [37,38]. Furthermore, studies suggest
that the most effective mHealth interventions for disease
self-management connect patients with their health care team

using 2-way communication [39,40]. Therefore, mHealth could
be an effective method for meeting the patient communication
needs. However, this communication was within the context of
specialty care. One area that may not be as easily addressed
through mHealth in SCD is communication in acute care
settings.

The patients and caregivers in this study cited communication
with providers in the emergency room as a challenge to disease
management. In particular, they expressed concerns that they
were not being heard and were often mistreated. These concerns
are consistent with the health care experiences expressed among
patients with SCD in other studies [41,42]. This reflects that
although implementing mHealth in self-management
interventions could potentially be effective in increasing
communication with the health care providers, there is still a
need to improve the SCD patient-provider interactions,
particularly in acute settings.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28678 | p.607https://formative.jmir.org/2021/11/e28678
(page number not for citation purposes)

Mayo-Gamble et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Another major finding was the desire for patients to use mHealth
to share SCD information with their caregivers. This was an
expected finding, as participants also expressed that their main
source of support for disease management was interpersonal
support rather than a health care provider. Although few studies
elicit preferences for mHealth among caregivers, obtaining
feedback from them confirmed the benefit of adopting mHealth
to facilitate communication between the patients and their
caregivers [43,44]. Caregivers are often the main source of
support for disease management in patients with chronic
conditions, especially those residing in rural areas [45]. Health
professionals or providers seeking to implement mHealth for
expanding their services to rural patients should consider the
usability of a proposed app for caregivers.

One consistent element in mHealth interventions is the use of
reminder alerts or SMS text messaging [46,47]. Our study
participants reported adhering to these alerts as a barrier to
mHealth adoption. They stated that if they received several
notifications from the app, they would shut off the notifications.
This concern of alert fatigue, receiving a large quantity of
information and having insufficient time or cognitive resources
to distinguish relevant from irrelevant information [48,49], has
also been described in provider-based health information
technologies. As with this study’s participants, the result was
overriding or dismissing alerts [50,51]. Therefore, health care
professionals and providers seeking to implement these elements
into an mHealth intervention should consider their potential
barriers before implementation. The suggested strategies for
overcoming this barrier can include allowing the users to
prioritize alerts and to specify the types of alerts they would
prefer receiving [50,51].

Limitations
We acknowledge the limitations of this study. First, the
community listening sessions included individuals with SCD

and their caregivers. It is possible that responses may have
varied if these 2 groups participated in separate listening
sessions. Next, as with other qualitative approaches, the results
are not generalizable outside the sample population. Finally,
sampling bias may have affected the findings, as participants
who were willing to participate in the community listening
sessions may differ from the general population of patients with
SCD and their caregivers. In particular, the caregivers in our
study were parents and spouses of adults with SCD. Their
perspectives may differ from those of caregivers who are the
parents of children and adolescents with SCD. Despite these
limitations, we believe that the contributions of this study
outweigh the limitations. As technology is increasingly
incorporated into SCD management, it is important to capture
the perspectives of the 2 important groups most impacted, which
are the patients and their caregivers.

Conclusions
Patient and caregiver preferences are essential to understanding
the components of mHealth technology that should be integrated
into disease self-management to meet patient needs. This was
one of the first studies to include the input from patients with
SCD and their caregivers from rural communities. As
technology-based strategies are continually developed to
increase health care access in rural and medically underserved
communities, it is important to incorporate the inputs from
members of these communities. Future studies should assess
the accessibility of technology resources available to patients
with SCD residing in rural communities. These findings can be
used to develop and enhance patient-centered, user-friendly
mHealth apps that address the barriers to information access
and facilitate disease self-management without creating an
additional burden for the patients and their caregivers.
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Abstract

Background: Previous research on body image distress mainly relied on samples that were small, generally homogeneous in
age or sex, often limited to one geographical region, and were characterized by a lack of comprehensive analysis of multiple
psychosocial domains. The research presented in this paper extends the international literature using the results of the web-based
Global Health and Wellbeing Survey 2015. The survey included a large sample of both men and women aged ≥16 years from
Australia, Canada, New Zealand, the United Kingdom, or the United States.

Objective: The main objectives of this study are to examine body image distress across the adult life span (≥16 years) and sex
and assess the association between body image distress and various psychosocial risk and protective factors.

Methods: Data were extracted from the Global Health and Wellbeing Survey 2015, a web-based international self-report survey
with 10,765 respondents, and compared with previous web-based surveys conducted in 2009 and 2012.

Results: The body image distress of young Australians (aged 16-25 years) significantly rose by 33% from 2009 to 2015. In
2015, 75.19% (961/1278) of 16- to 25-year-old adults reported body image distress worldwide, and a decline in body image
distress was noted with increasing age. More women reported higher levels of body image distress than men (1953/3338, 58.51%
vs 853/2175, 39.22%). Sex, age, current dieting status, perception of weight, psychological distress, alcohol and other substance
misuse, and well-being significantly explained 24% of the variance in body image distress in a linear regression (F15,4966=105.8;
P<.001).

Conclusions: This study demonstrates the significant interplay between body image distress and psychosocial factors across
age and sex.

(JMIR Form Res 2021;5(11):e25329)   doi:10.2196/25329
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Introduction

Background
There is a clear need to understand and address body image
distress, particularly when considering the increasing prevalence
rates of body image distress worldwide [1-3] and the noted
relationship between body image distress and mental ill-health
[4]. Furthermore, there is scant large-scale international research
examining body image across the adult life span [4] and from
the perspectives of both men and women [5].

Body image is a multifaceted construct encompassing one’s
body-related self-perceptions and self-attitudes, including
thoughts, feelings, behaviors, and beliefs toward the body [6].
Research suggests that body image dissatisfaction occurs when
there is a discrepancy between how an individual views their
body (actual body image) and how they want it to be (ideal
body image) [7,8]. Dissatisfaction, overevaluation, and
preoccupation are considered as contributing factors to body
image distress [9]. Current body ideals predominantly promote
thinness for women and muscularity for men [10,11]. Given
the difference between current body ideals and the actual body
shape and size of most of the population, it is not surprising that
many people view their bodies negatively and experience
distress because of this negative self-perception [12].

Body Image Distress Over Time
Body image is ranked as a top concern for young people [13].
Research suggests that the proportion of the population
experiencing increased body image distress is increasing. It has
been well documented that viewing appearance-focused media
contributes to the development of body image concerns [14,15].
In the past 10 years, there has been a stark rise in multimedia
platforms, such as Instagram, Snapchat, and TikTok. The
imagery on social media is often filtered and edited in a way
that promotes an unrealistic appearance ideal. Research has
shown that social media use is associated with increased body
image dissatisfaction [14] because it facilitates comparison, and
appearance-related comments and praise are reinforced with
likes, follows, and comments.

Body Image, Age, and Sex
The association between weight status (as measured by BMI)
and body image dissatisfaction has been previously explored
[16]. Research has demonstrated that increased BMI is
associated with greater body image dissatisfaction in college
students [17], help-seeking adults [18], adolescent men [19],
and nonclinical samples of adult women [20]. Risk of body
dissatisfaction is not restricted to individuals with higher BMI;
adolescent women with either a healthy or an overweight BMI
experience higher levels of body dissatisfaction, whereas
underweight women have the highest levels of body satisfaction
[19]. Similarly, in a sample of middle-aged women, 70% of
participants reported a desire to be thinner, despite most being
considered normal weight [21]. Overall, these findings fit the
current cultural narrative that a thin body is both desirable and
idealized in Western societies [22].

Although the research has mainly focused on young women,
some studies indicate that body image concerns are pervasive

across the adult life span [12] for both sexes [5]. The picture
appears to be more complex for men [23]. For example,
adolescent men tend to be equally divided between wanting to
lose weight (predominantly high body fat) and gain weight
(muscle mass) [5,24]. As men move into adulthood, there is an
increase in the desire to lose weight [5]. Within cohorts of
middle-aged women, only 11% of participants endorsed being
satisfied with their bodies [25]. Women’s dissatisfaction with
their bodies appears relatively stable across the adult life span
[8,12]. However, some research suggests that the impact of
body image on an individual’s self-esteem and self-concept
may diminish over time [26]. Furthermore, there is more
tolerance in what body sizes are considered acceptable with
increasing age [4,27]. However, overall, body image research
looking at age, sex, and weight is fragmented, and a
comprehensive picture is lacking.

Body Image Distress and Psychopathology
Body image dissatisfaction in childhood and early adolescence
can predict adverse health outcomes in later life, including
engaging in dangerous weight control behaviors and general
psychological distress [28]. As highlighted above, research with
adolescents is much more extensive than with their adult
counterparts, with several studies demonstrating an association
between body dissatisfaction and anxiety [29-33], depression
[29,30,34-37], self-harm [38-42], and low self-esteem
[28,36,37].

Research has reported that body image dissatisfaction is
associated with higher levels of depression, anxiety, disordered
eating [43-45], and distress [46]. Furthermore, research has
identified associations between body image with other aspects
of health, such as tobacco smoking [47], alcohol misuse [48],
poor self-esteem [18,49,50], and poor mental and physical
health–related quality of life [46].

Conversely, optimism, positive affect, self-compassion, life
satisfaction, and subjective happiness [51-61] are associated
with positive body image. Social well-being has also been
reported to play a part in both positive and negative body image,
particularly in adolescents [59,62-64]. For example, Bearman
et al [63] observed higher levels of body dissatisfaction in girls
and boys who had deficits in their social support from parents
and peers. Meanwhile, individuals with more supportive parental
relationships have reported higher body image satisfaction [62].

Current Research
Previous research exploring body image distress mainly relied
on small samples that were generally homogeneous in age or
sex, lacked a comprehensive analysis of multiple psychosocial
domains, and were limited to one geographical region. This
study extends the international literature using the results of the
Global Health and Wellbeing Survey 2015, a large web-based
sample of both men and women (aged ≥16 years) from Australia,
Canada, New Zealand, the United Kingdom, or the United
States. Additional data sources included the headspace
web-based Community Youth Survey (2009) and the Young
and Well First National Survey on the web (2012).

This study has 3 main aims, including the assessment of (1) the
changes in body image distress over time (between 2009 and
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2015) for young people aged 16 to 25 years; (2) the associations
between weight range (BMI), dieting status, and perceived body
image distress by sex and age group; and (3) the association of
various demographic, health, and well-being factors with body
image distress or preoccupation.

Methods

Participants
Participants were a voluntary community sample of men and
women (aged ≥16 years) who reported that they had lived in 1
of the 5 target countries (Australia, Canada, New Zealand, the
United Kingdom, or the United States) for the best part of the
past 12 months. A total of 16,510 people reviewed the consent
and eligibility screen. Of the 16,510 people, the total eligible
sample was 10,765 (65.2%) respondents. Of those excluded,
26.2% (4326/16,510) did not consent to participate, and 4.3%
(710/16,510) were younger than 16 years.

Procedures and Recruitment
The primary study received institutional ethics approval from
The University of Sydney Human Research Ethics Committee
(protocol 2015/412). All procedures complied with the ethical
standards of the relevant national and institutional committees
on human ethics and the Helsinki Declaration of 1975, as revised
in 2008.

The survey was hosted on the internet from July 1, 2015, to
December 11, 2015. For optimizing recruitment in the 5 target
countries, the following strategies were used: both paid and free
advertising across multiple social media channels such as
Facebook, Twitter, and YouTube for survey dissemination [65];
layering of recruitment messages [66]; passive web-based
snowballing via social media to spread study information
through sharing, liking, and tweeting [65,67]; and traditional
snowballing [68]. Targeted recruitment based on age, sex, and
region was carried out through paid advertising channels to
maximize responses from groups hard to reach. Respondents
consented on the website and were informed that their responses
were confidential, nonidentifiable, and that they could cease
participation at any time. Participants were informed that the
survey would take between 20 and 45 minutes to complete
depending on participant answers and the survey skip pattern.
Any respondents indicating psychological distress or
problematic alcohol or substance use in their responses were
provided with the contact details of local support lines.

Materials
Items in this substudy were extracted from the Global Health
and Wellbeing Survey 2015 [69], and where items could be
compared, from the headspace web-based Community Youth
Survey (2009) and the Young and Well First National Survey
on the web (2012). Areas of interest specific to this substudy
are described in the following sections.

Demographics
The respondents first provided their sex (men and women) and
age (16-25 years, 26-49 years, or ≥50 years).

Weight, Body Image, and Eating Behaviors
BMI was determined by asking respondents their weight (kg or
lb) and height (meters or feet and inches). Respondents with a
BMI less than 18.5 were classified as underweight, a BMI
between 18.5 and 24.9 as healthy weight, a BMI between 25.0
and 29.9 as overweight, and a BMI higher than 30.0 as obese.

Current dieting status was determined by the question “Are you
currently dieting?” adapted from Blashill and Wilhelm [70];
this item provided 3 response options (“yes, to lose weight”;
“yes, to gain weight”; and “no”).

For assessing body image attitudes, respondents were asked to
self-evaluate the importance of weight and shape for them over
the past 3 months: “How much has your shape influenced how
you feel as a person?” This question was answered on a 6-point
Likert scale ranging from not at all to a great deal.

For assessing body image distress or preoccupation, respondents
were asked, “Do you get very distressed or preoccupied by any
specific aspect of your physical appearance?” using a
dichotomous yes or no response option. If respondents indicated
distress or preoccupation, a follow-up question asked which
areas of their body they were concerned about, such as facial
features, arms or legs, and weight [71]. This body image distress
item was also asked in the web-based headspace Community
Youth Survey in 2009 and the Young and Well National Survey
on the web in 2012 with 16- to 25-year-old adults [71]. These
data were used in this research for longitudinal cohort
comparisons.

Mental Health and Well-being
Physical activity was measured by the International Physical
Activity Questionnaire short form, which classifies individuals
into 1 of 3 levels of physical activity (inactive vs minimally
active vs health-enhancing physical activity) [72].

Current psychological distress was measured using the 10-item
Kessler Psychological Distress Scale (K10) [73]. Total scores
were grouped into 4 levels of psychological distress (10-15=low,
16-21=moderate, 22-29=high, and 30-50=very high) [74].

Respondents’ levels of suicidal thoughts and behaviors in the
past 12 months were measured using the 5-item suicidal thoughts
and acts subscale from the Psychiatric Symptom Frequency
Scale [75].

The likelihood of alcohol or other substance misuse was
calculated using 2 items. If respondents positively endorsed one
of either item, “...recently thought that you should cut down...”
or “...another person suggested you should cut down...,” they
were categorized as having a possible alcohol or other substance
misuse. Endorsement of both items resulted in probable alcohol
or other substance misuse. Endorsement of neither item resulted
in being placed in the not likely category.

Days out of role was extracted from the Brief Disability
Questionnaire [76] to investigate functioning. The 7-item
Personal Well-being Index [77] was used to assess subjective
well-being.
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Happiness was measured by the 4-item Oxford Happiness
Questionnaire [78], and resilience was measured by the 4-item
Brief Resilience Coping Scale [79].

Perceived social support and conflict in close relationships were
measured by the 5-item Schuster Social Support and Conflict
Scale [80].

Analysis
Survey data were prepared and analyzed using IBM SPSS
Statistics for Windows, Version 22.0 (IBM Corp, 2013). For
addressing aim 1, body image distress data in 2009 and 2012
were compared with 2015 data using a one-sample two-tailed
t test. To address aim 2, descriptive and frequency statistics
were used to describe all weight, dieting, and body image items
by basic demographics (sex and age). Chi-square and analysis
of variance tests were completed to compare items by sex and
age. For addressing aim 3, an initial scoping analysis using
Pearson product-moment r correlations [81] was conducted to
independently assess the strength of the relationship between
body image distress and these health and well-being items
(healthy weight; no vs yes based on BMI data), current dieting
status (no vs yes), perception of weight (about the right weight

vs all others), physical activity (International Physical Activity
Questionnaire short form), psychological distress (K10), suicidal
ideation (Psychiatric Symptom Frequency Scale), alcohol and/or
other substance misuse, days out of role, well-being (Personal
Well-being Index), happiness (Oxford Happiness Questionnaire),
resilience (Brief Resilience Coping Scale), intimate bonds
(Intimate Bond Measure), and social support (Social Support
and Conflict Scale). A subsequent linear regression analysis
was conducted to determine which of the health and well-being
items significantly explained variance in body image distress
when considered together while controlling for sex and age.

Results

Respondent Participation Rates and Characteristics
Most of the eligible respondents were women (6464/10,765,
60.05%). Of the 10,753 respondents, 2874 (26.73%) were aged
between 16 and 25 years, 2879 (26.77%) were aged between
26 and 49 years, and 5000 (46.49%) were aged ≥50 years. A
breakdown of demographics by country, age, and sex is
presented in Table 1. Further demographic details can be found
in related publications [82,83].

Table 1. Participant demographics by country, age, and sex (N=10,765).

United StatesUnited KingdomNew ZealandCanadaAustraliaTotalCharacteristics

1838 (17.07)1938 (18)1752 (16.27)1888 (17.54)3349 (31.11)10,765 (100)Country, n (%)

Sex, n (%)

1069 (58.16)1176 (60.68)1055 (60.22)1097 (58.1)2067 (61.72)6464 (60.05)Women

769 (41.84)762 (39.32)697 (39.78)791 (41.89)1282 (38.28)4301 (39.95)Men

45.97 (21.07)42.57 (19.40)39.65 (19.51)52.46 (17.84)42.44 (18.71)44.37 (19.68)Age (years), mean (SD)

Main Findings

Aim 1: Changes in Body Image Distress Over Time
Across the Life Span
Of those young Australians (aged 16-25 years) who completed
the 2009 (headspace web-based Community Youth Survey),
2012 (Young and Well First National Survey on the web), or
2015 (Global Health and Wellbeing Survey) surveys,
self-reported body image distress rose by 33% from 2009 to
2015 (419/949, 44.2% reported distress in 2009; 1158/1731,
66.89% in 2012; and 300/388, 77.32% in 2015). The mean
difference was significant across both the 2009 and 2012 time
points (2009 vs 2015: t387=15.56, P<.001; 2012 vs 2015:
t387=4.90, P<.001).

Aim 2: Body Image, BMI, and Dieting by Age and Sex
Table 2 displays frequency statistics for measures of body image
items, BMI, and current dieting status by age band and sex from
the Global Health and Wellbeing Survey 2015. Significance
tests comparing items across sex and age are presented in
Multimedia Appendix 1. Approximately half of all respondents
(2806/5513, 50.89%) reported feeling very distressed or
preoccupied with their body image. Women reported higher
levels of distress related to body image than men (1953/3338,
58.51% vs 853/2175, 39.22%). Respondents aged 16-25 years
showed higher levels of body image distress than all other age
groups, at 75.19% (961/1278), with distress decreasing as age
increased.
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Table 2. Frequency statistics for measures of body image item by age and sex (maximum N=5517).

Full sampleAge bands (years)SexBody image item

≥5026-4916-25WomenMen

5513 (100)2733 (49.57)1502 (27.24)1278 (23.18)3338 (60.55)2175 (39.45)Body image distress or preoccu-
pation, n (%)

2806 (50.89)1008 (36.88)837 (55.73)961 (75.19)1953 (58.51)853 (39.22)Yes

2707 (49.1)1725 (63.12)665 (44.27)317 (24.8)1385 (41.49)1322 (60.78)No

5496 (100)2724 (49.56)1497 (27.24)1275 (23.19)3327 (60.53)2169 (39.47)How much does weight or shape
influence how you think of
yourself as a person

935 (17.01)624 (22.91)181 (12.09)130 (10.17)425 (12.77)510 (23.51)1=not at all, n (%)

1027 (18.69)376 (13.8)321 (21.44)330 (25.88)771 (23.17)256 (11.8)6=a great deal, n (%)

4 (2-5)3 (2-5)4 (2-5)4 (3-6)4 (2-5)3 (2-4)Score, median (IQR)

5379 (100)2667 (49.58)1464 (27.22)1248 (23.2)3264 (60.68)2115 (39.32)BMI, n (%)

171 (3.18)35 (1.31)39 (2.67)97 (7.77)141 (4.32)30 (1.42)Underweight

2015 (37.47)714 (26.77)580 (39.64)721 (57.77)1344 (41.19)671 (31.73)Healthy weight

1627 (30.25)957 (35.88)438 (29.94)232 (18.59)836 (25.62)791 (37.39)Overweight

1565 (29.09)961 (36.03)406 (27.75)198 (15.87)842 (28.87)623 (29.46)Obese

5515 (100)2733 (49.56)1503 (27.25)1279 (23.19)3339 (60.54)2176 (39.46)Self-evaluation of weight, n (%)

44 (0.79)19 (0.69)9 (0.59)16 (1.25)19 (0.56)25 (1.15)Very underweight

297 (5.39)94 (3.44)74 (4.92)129 (10.09)143 (4.28)154 (7.08)Slightly underweight

1703 (30.88)607 (22.21)522 (34.73)574 (44.88)1057 (31.66)646 (29.69)About the right weight

2348 (42.57)1295 (47.38)624 (41.52)429 (33.54)1348 (40.37)1000 (45.96)Slightly overweight

1123 (20.36)718 (26.27)274 (18.23)131 (10.24)772 (23.12)351 (16.13)Very overweight

5517 (100)2736 (49.59)1503 (27.24)1278 (23.16)3339 (60.52)2178 (39.48)Currently dieting, n (%)

1295 (23.47)653 (23.87)374 (24.88)268 (20.97)868 (25.99)427 (19.61)Yes, to lose weight

76 (1.38)21 (0.77)17 (1.13)38 (2.97)27 (0.81)49 (2.25)Yes, to gain weight

4146 (75.15)2062 (75.37)1112 (73.99)972 (76.06)2444 (73.20)1702 (78.15)No

Only 17.01% (935/5496) of respondents in the full sample
indicated that their weight and shape did not influence how they
thought of themselves as a person. Women (425/3327, 12.77%)
and the younger age bands (16-25 years: 130/1275, 10.19%;
25-44 years: 181/1497, 12.09%) were significantly less likely
to endorse that their weight or shape did not influence their
self-perception (P<.001).

Although 57.77% (721/1248) of young people (16-25 years)
were in the healthy BMI range, fewer (574/1279, 44.88%)
considered themselves about the right weight. This pattern was
repeated in women, of whom 41.19% (1344/3264) were in the
healthy BMI range, but fewer (1057/3339, 31.66%) endorsed
that they were about the right weight. The percentage of men
who were in a healthy BMI range was 31.73% (671/2115),
which reflected the rates of men who felt they were about the
right weight (646/2176, 29.69%). In the older age brackets,
more participants were in the obese BMI category (26-49 years:
406/1464, 27.75%; ≥50 years: 961/2667, 36.03%) than those
who felt that they were very overweight (26-49 years: 274/1503,
18.23%; ≥50 years: 718/2733, 26.27%). Across the full sample,
23.47% (1295/5517) of all participants were currently dieting

to lose weight, and 1.38% (76/5517) were currently dieting to
gain weight. Across ages, not engaging in any dieting was
relatively consistent (between 1112/1503, 73.99% and 972/1278,
76.06%). Women reported they were dieting to lose weight
significantly more frequently (868/3339, 25.99%) than men
(427/2178, 19.61%; P<.001).

For addressing aim 3, a series of linear regressions were
conducted to examine the relationship between body image
distress or preoccupation and health and well-being items. Table
3 presents the full sample results (Multimedia Appendix 2 for
each age group). Individual Pearson product-moment r
correlations for each health and well-being item by body image
distress are presented in Multimedia Appendix 3. The regression
model using the full sample significantly accounted for 24% of
the variance in body image distress or preoccupation

(F15,4966=105.8; P<.001; R2
adj=0.24). After controlling for sex

(β=.12; P<.001) and age (β=−0.24; P<.001), 5 variables
significantly explained model variance. This included current
dieting status (β=.13; P<.001), perception of weight (β=.09;
P<.001), psychological distress (β=.21; P<.001), alcohol and/or
other substance misuse (β=.04; P<.001), and well-being
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(β=−0.07; P<.001). Specifically, respondents who were currently
dieting reported body image distress or preoccupation more
frequently. Those who did not report that they were about the
right weight reported higher psychological distress and had a

higher likelihood of problematic alcohol or other substance use
and higher body image distress or preoccupation. Participants
with higher personal well-being scores reported lower levels of
body image distress or preoccupation.

Table 3. Linear regression of body image distress (F15,4966=105.8; P<.001; R2
adj=0.24).

β (95% CI)P valuet (df)aVariable

Body image distress or preoccupation

.00 (−0.03 to 0.03).970.04Healthy weight (no vs yes based on BMI)

.13 (0.12 to 0.18)<.00110.20Current dieting (no vs yes)

.09 (0.07 to 0.13)<.0016.06Perception of weight (about the right weight vs not)

.00 (−0.02 to 0.02).97−0.03Physical activity (IPAQb)

.21 (0.01 to 0.01)<.0019.45Psychological distress (K10c)

.01 (−0.03 to 0.04).710.38Suicidal ideation (PSFSd)

.04 (0.01 to 0.04)<.0012.82Alcohol and/or other substance misuse

−0.02 (−0.01 to 0.00).16−1.42Days out of role

−0.07 (0.00 to 0.00)<.001−3.37Well-being (PWIe)

−0.01 (−0.01 to 0.00).69−0.40Happiness (OHQf)

.01 (0.00 to 0.01).400.84Resilience (BRCSg)

−0.02 (−0.01 to 0.00).16−1.39Social support (SSCSh)

−0.01 (0.00 to 0.00).57−0.57Intimate bonds (IBMi)

.12 (0.10 to 0.15)<.0019.46Sex

−0.24 (−0.01 to −0.01)<.001−16.57Age

adf=15,4966
bIPAQ: International Physical Activity Questionnaire short form.
cK10: 10-item Kessler Psychological Distress Scale.
dPSFS: Psychiatric Symptom Frequency Scale.
ePWI: Personal Well-being Index.
fOHQ: Oxford Happiness Questionnaire.
gBRCS: Brief Resilience Coping Scale.
hSSCS: Schuster Social Support and Conflict Scale.
iIBM: Intimate Bond Measure.

When analyzed separately by age group (Multimedia Appendix
2), sex, current dieting status, perception of weight, and
psychological distress consistently explained model variance
across all age groups. Variation was found for happiness, alcohol
or other substance misuse, and well-being items. Specifically,
lower happiness also explained body image distress (β=−0.16;
P=.003) in young people (aged 16-25 years). For those aged 26
to 49 years, alcohol and/or other substance misuse remained an
item that explained body image distress (β=.07; P=.008).
Conversely, for the ≥50 years age group, lower well-being
continued to explain body image distress (β=−0.10; P=.001)
variance.

Discussion

Principal Findings
To our knowledge, this is the largest international study to
examine body image distress—and other related factors,
including self-reported and perceived weight range and dieting
status—across time, age, and sex. Our findings show that body
image distress has become a highly prevalent issue by 2015. Of
concern, considerable levels of body image distress were present
in women and young people, and multiple psychosocial risk
factors were associated with this distress.

One of our key findings comes from the cross-sectional
longitudinal Australian data. Self-reported body image distress
in young people aged 16 to 25 years increased from 44.2%
(414/949) of those surveyed in 2009 to three-quarters (961/1278,
75.19%) in 2015. This finding is consistent with the increasing
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prevalence rates of body image distress in countries such as the
United States [1]. Furthermore, although there are some
suggestions in the literature that concern regarding body image
has increased in Australia [84-86], this is the first known study
to report changes across these 3 time points using web-based
samples. Our data indicate that the issue is much more prevalent.
This increasing prevalence of body image distress corresponds
with the rise of social media. During the time frame of the
survey, Instagram was launched in 2010, Snapchat was released
in 2011, and TikTok was released in 2016. As photographs and
videos are central to the use of these platforms, and previous
research has shown an association between body image distress
and social media use, perhaps this increased level of distress
has occurred in parallel with the rise of social media [14,15].

This rise in prevalence is particularly concerning, given our
findings that body image distress was associated with increased
levels of current dieting, poorer self-perception of weight, higher
psychological distress, increased alcohol or other substance
misuse, and poorer personal well-being. This is consistent with
previous research where higher body image dissatisfaction
directly correlated with poor mental health–related quality of
life and psychosocial functioning [17]. Furthermore, literature
examining body appreciation has reported associations with
greater subjective happiness [56] and fewer days of feeling
mentally or physically unhealthy [87]. It is unclear whether
these factors are precipitating factors or consequences of body
image distress. As 24% of the variability in body image distress
was accounted for by these factors, future research could
endeavor to explore what other factors are potentially missing
from this model that also contribute to distress, such as social
media use or history of disordered eating. Overall, when
considering the rise of body image distress and its link to poorer
psychosocial outcomes, a sharper focus on this area is needed.

Another important finding was that in our 2015 international
sample, more than half of the participants’ BMI in the
overweight or obese range (59.34%), with men reporting higher
levels of obesity than women. This in itself is concerning, as
obesity is considered one of the greatest health epidemics
worldwide [88-91]. Furthermore, our findings demonstrated a
notable sex difference concerning how men and women perceive
their weight compared with their self-reported weight as
measured by BMI. Specifically, despite a higher percentage of
men having an overweight or obese BMI, more women
(772/3339, 23.12%) considered themselves to be very
overweight than men (351/2176, 16.13%). Although more
women in this sample were in a healthy weight range (women:
1344/3264, 41.19%; men: 671/2115, 31.73%), only one-third
of women believed they were about the right weight. This is
consistent with data from previous studies demonstrating that
women are more likely to perceive themselves as overweight
compared with men [35,92-95]. In the literature, possible factors
that may contribute to this discrepancy include self-esteem [96],
sociocultural influences, and expectations [97-99].

Interventions in this area are relatively unexplored, particularly
those targeting both men and women. Evidence-based
interventions include self-monitoring, cognitive restructuring,
exposure exercises, fitness training, mirror work [100], media
literacy, self-esteem enhancement, and psychoeducation.

However, these interventions only achieve minor improvements
in body image [101,102]. Interventions with a greater focus on
stress management training, cognitions, and negative body
image causes appear to be more effective [101]. There is some
evidence that self-compassion training can be beneficial for
weight loss, nutrition behaviors, eating behaviors, and body
image [103]. This training focuses on promoting self-worth,
creating a more positive body image, and decreasing body
dissatisfaction, and may be the way forward to improve health
outcomes in distressed individuals.

These discrepancies between actual and perceived weight were
not only a function of sex but also of age. Our 2015 survey
results indicated that 57.77% of young people were in the
healthy BMI weight range—the highest endorsement across all
age groups. Despite this, three-quarters of young people reported
body image distress. Again, this was the highest endorsement
across all age groups. As participants aged, their BMI
increased—with far more in the overweight and obese
categories. However, the rate of body image distress declined
as participants aged, as did the influence of weight or shape on
how they viewed themselves as a person. Previous literature
supports this phenomenon [104-107]. This change could be
attributed to a shift in body comparisons with age-appropriate
peers [8], less cultural fat phobia [105-107], or a focus on body
function rather than body appearance [108].

Furthermore, research has theorized that people’s preoccupation
and desire to change their body weight via dieting behavior
becomes less salient with age [26]. Interestingly, our survey
results demonstrated that approximately three-quarters of people
reported they were not dieting, and this proportion remained
relatively stable across each age group. Thus, although body
image distress decreases with age, in line with the Webster and
Tiggemann study [26], our contradictory finding is that dieting
behaviors remain relatively consistent. Further research is
needed to examine whether this is explained by the changes in
people’s reasons for dieting as they age. For example, older
people might be dieting for health or medical reasons rather
than because of their body image concerns.

Implications for Policy and Practice
This study supports the clear link between body image distress
and poorer health and well-being [28]. Prevalence rates of body
image dissatisfaction have increased worldwide in the past 30
years [109]. Our research shows that this prevalence is 3 in 4
young people when using a web-based survey methodology.
These are compelling statistics. In 2019, the Australian
government invested US $146 million into the prevention,
detection, assessment, and treatment of eating disorders [110].
Although this is timely, our findings on the inverse relationship
between individual distress and psychosocial outcomes make
a strong case for the need for prevention and early intervention
before eating disorders emerge. This may include more
comprehensive assessment when accessing health services and
the use of health information technologies to improve support
services [111]. Given our findings, such interventions may
benefit from targeting across sex and age.

Previously, body image distress was thought to result from the
discrepancy between actual and perceived body image.
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However, our results suggest that the rates of body image
distress within some age groups far exceed the proportion of
the population who experience a discrepancy, indicative of other
factors contributing to distress. For example, research is needed
to determine whether these results are related to the considerable
increases in the use and availability of social media in the past
decade [14]. Exposure to social media, particularly in an
individual’s formative years, could have a considerable impact
on a young person’s sense of self, quality of life, and body image
than is currently known. Some studies have demonstrated that
the use of highly visual social media such as Instagram or
Snapchat is linked to upward social comparison and
internalization of symptoms of body dysmorphia, resulting in
increased body image distress [112-115]. The more time spent
on social media, the more significant the body image concerns
[116-118]. Photograph-based activity (eg, posting photographs
and viewing or making comments on others’ photographs) is
particularly salient in contributing to body dissatisfaction and
disordered eating [14]. As the data in this study were from a
web-based sample recruited using social media channels, the
results may reflect the experience of body image distress of a
web-based population, who may be more likely to be using
other platforms such as Instagram.

Body image distress and dieting behaviors are well understood
to be risk factors for disordered eating and the development of
an eating disorder. Our results indicate a relationship between
dieting behavior, psychological distress, and the self-perception
of weight, in addition to alcohol and/or other substance use and
well-being impact on body image distress. The triangulation of
items such as those used in this survey (BMI vs distress vs
dieting status, or BMI vs distress vs perceptions of weight) may
be beneficial as a brief screening tool. Given the burden of
completing lengthy psychometrics, how these brief screeners
compare with lengthier eating disorder questionnaires should
be explored.

Strengths and Limitations
A key strength of this study is that it is one of the largest samples
to date, providing data on weight, perceptions of weight, dieting
status, body image distress, and health and well-being. As
outlined in the main report’s executive summary [69], a key
limitation of the research is the nonepidemiological nature of
the web-based research; targeting efforts were made for age,
sex, and by country to address this. Although most individuals
in the participating countries have widespread internet access
[119], this study will also yield some level of internet bias, in
that those who do not frequently access the internet or social
media recruitment websites may not have participated. However,
a major advantage to using a web-based surveying methodology

is that previous research has found that it is associated with
increased disclosure of sensitive information [120], such as the
items asked in this survey. There is also the possibility of avidity
bias occurring, as those with a greater interest in the subject
may be more likely to participate [121]. However, overall, this
research remains highly relevant, as it is the interactions between
variables, not merely the statistical frequencies, that generate
meaningful information. Furthermore, as we move further into
the 21st century, web-based questionnaires may become more
the norm than the exception.

Where possible, measures that have been tested for reliability
and validity across general populations worldwide were used.
For example, the K10 is the standard tool used to measure
distress in Australia’s National Survey of Mental Health and
Wellbeing (Burgess et al [122]) and is used widely in
international studies. The BMI [121] is the most recommended
and widely used tool for classifying weight range in adults [123].
However, the use of BMI is limited and has several deficiencies
as a measure of obesity [124]. BMI is not a reliable reflection
of health status, does not accurately reflect changes that occur
with age, cannot account for muscle mass, and is a poor indicator
of body fat percentage [123].

Furthermore, the participants were asked to self-report their
height and weight. Responses may have been subject to bias as
BMI is often calculated with overestimated height and
underestimated weight data [125]. Furthermore, owing to the
breadth and sheer size of the Global Health and Wellbeing
Survey 2015, validated measures for eating disorders such as
Eating Disorder Inventory, third edition [126] and the Eating
Attitudes Test [127] were not viable to use. Instead, we asked
brief questions (all adapted from established literature) on areas
such as dieting status, perceptions of weight, and body image
distress. Overall, the results are still meaningful. Although they
may not be fully representative of the populations with eating
disorders, they demonstrate a clear link between body image
distress and health and well-being concerns.

Conclusions
This research demonstrates the significant interplay between
body image distress and psychosocial risk factors, including
currently dieting, worse perceptions of weight, elevated
psychological distress, increased alcohol or other substance
misuse, and poorer personal well-being. Considering that an
increasing number of young people are experiencing body image
distress, body image should be closely monitored, given its
association with poorer health outcomes. Further research into
tailored intervention and prevention strategies for those
experiencing any level of body image distress, obesity, eating
disorders, and other health-related concerns is needed.
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Abstract

Background: The role of fluorodeoxyglucose–positron emission tomography/computed tomography (FDG-PET/CT) in indolent
lymphoma has been minimally studied.

Objective: This study aims to assess the value of FDG-PET/CT in predicting the prognosis of indolent lymphoma.

Methods: We prospectively recruited 42 patients with indolent lymphoma. A total of 2 patients were excluded, and 40 underwent
baseline PET/CT and follow-up at various time points. A total of 9 patients were observed only, 7 received 4 doses of rituximab
alone, and 24 received chemoimmunotherapy. Metabolic response on follow-up PET/CT was assessed using the maximum
standardized uptake value (SUVmax) and Deauville criteria (DC). We aimed to obtain the best SUVmax and DC to predict
optimal survival rates, risk stratification, and optimize therapeutic strategies. The mean follow-up from the initial diagnosis was
33.83 months.

Results: SUVmax <4.35 at interim PET/CT provided the best discrimination, with a progression-free survival (PFS) of 100%
and a median survival time of 106.67 months compared with SUVmax ≥4.35 (P=.04), which had a PFS of 43.8% and a median
survival time of 50.17 months. This cutoff was also valuable in predicting overall survival at baseline, that is, 100% overall
survival with baseline SUVmax <4.35, versus 58.4% for SUVmax ≥4.35 (P=.13). The overall survival of patients with a baseline
DC score <3.0 was 100%, with a median overall survival of 106.67 months.

Conclusions: We demonstrated the utility of PET/CT in indolent lymphomas. SUVmax (<4.35 vs ≥4.35) on interim PET/CT
performed best in predicting PFS.

(JMIR Form Res 2021;5(11):e24936)   doi:10.2196/24936
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Introduction

Background
Indolent lymphomas are a heterogeneous group of mature B-cell
non-Hodgkin lymphomas, characterized by a slow growth rate
and a tendency to relapse. The frequencies of different types of
indolent lymphomas based on the World Health Organization
classification 2008 are follicular lymphoma (FL) (29%), small
lymphocytic lymphoma (SLL) and chronic lymphocytic
leukemia (CLL) (12%), mucosal-associated lymphoid tissue
lymphoma (9%), nodal marginal zone lymphoma (2%), splenic
marginal zone lymphoma (0.9%), and lymphoplasmacytic
lymphoma (1.4%) [1]. The prognosis of indolent lymphoma
varies according to the stage, clinical features, histology,
immunophenotyping, response to first-line therapy, and the
duration of remission [1]. Prognostic scores have been proposed
specifically for the common types of FL [2,3], CLL [4],
lymphoplasmacytic lymphoma [5], and splenic marginal zone
lymphomas [6].

Indolent lymphomas mostly relapse to the same type of
lymphoma or undergo histological transformation to more

aggressive types of lymphomas. 18F-Fluorodeoxyglucose
(FDG)–positron emission tomography (PET) has been valuable
in evaluating the response to therapy, in addition to the
diagnosis, staging, and surveillance of lymphoma patients. The
maximum standardized uptake value (SUVmax) is a
semiquantitative index used to objectively interpret the
metabolic activity of various tissues (eg, neoplastic tissues) on
PET/computed tomography (CT) scans. An international
consensus helped establish a simpler, robust, and reproducible
criterion for PET/CT interpretation in Hodgkin lymphoma (HL).
The resultant 5-point Deauville criteria (DC) score helped in
risk stratification, and strategizing adaptive therapies in HL,
based on interim PET/CT findings with very high sensitivity
and specificity. The DC established the role of PET/CT at the
initial staging as well as at the end of the treatment [7,8].
Notably, the role of FDG-PET/CT in management has been
scarcely studied internationally and is limited to FL and mantle
cell lymphoma (MCL) [9,10].

The treatment of indolent lymphoma depends on whether the
disease is localized or in an advanced stage. Therapeutic
modalities range from watchful waiting to monoclonal
anti-CD20 antibody therapy, conjugated-radiolabeled
monoclonal antibody therapy, or more intensive
chemoimmunotherapy and radiation therapy as well as high-dose
chemotherapy and stem cell transplantation [11].

Superior tools for prognostication would help in risk
stratification at the initial diagnosis or at the mid or end of
treatment. High-risk patients, who are likely to relapse or
undergo transformation to aggressive lymphomas, would be
qualified to receive more intense therapeutic approaches and
closer follow-up, particularly in the era of newly emerging
targeted therapy for lymphomas. Emerging data suggest that
metabolic response to FDG-PET/CT is superior in comparison

with other tools currently available, especially in early
prognostication of HL and diffuse large B-cell lymphoma
(DLBCL) [12-14]; the same may hold true in indolent
lymphoma. In particular, the semiquantitative SUVmax has
been found to objectively supplement visual interpretation of
FDG-PET/CT [15], during and after therapy for HL and
aggressive non-HL, and interim FDG-PET/CT was found to be
an independent, strong predictor of progression-free survival
(PFS) in HL [16]. Furthermore, in DLBCL, SUVmax has a high
prognostic value and is strongly correlated with survival [12].
Similarly, SUVmax in DLBCL significantly improved
prognostication after the 1st line of chemotherapy [12].

Although most indolent lymphomas show low metabolic activity
of glucose, and hence low SUVmax, FDG-PET/CT has been
found to be helpful in staging and evaluating histological
transformation. Moreover, in FL, FDG avidity appears to be
generally more pronounced than in other types of indolent
lymphomas. PET/CT is also more accurate than conventional
imaging for initial staging, often prompting significant
management changes [17].

The results of a clinical trial [17] found that FDG-PET/CT
should be considered as a new standard for response assessment
of FL and guiding response-adapted therapy. In another study,
end-of-treatment PET/CT findings were found to be predictive
of overall survival in patients with FL [18]. A review by
El-Galaly et al [19] highlighted the role of PET/CT in staging
and its impact on modern treatment selection for lymphomas,
including the indolent group of lymphomas.

Objective
We prospectively studied the utility of FDG-PET/CT in the
management of indolent lymphomas at our tertiary care
institution in Saudi Arabia. This study aims to assess the value
of FDG-PET/CT in predicting the prognosis of indolent
lymphomas.

Methods

Study Design
This was a prospective study conducted at King Fahad Medical
City, Riyadh, Saudi Arabia, after approval by the Institutional
Review Board under study number 15-262.

Patient Population and Sampling Technique
All newly diagnosed adult patients with different types of
indolent lymphomas were enrolled in the study after obtaining
informed consent from August 2014 to May 2018. A 1-year
follow-up scan for the last recruited patient was completed in
May 2019. Data analysis was completed in February 2020.

Inclusion Criteria
All patients aged ≥14 years (as patients in this this age group
are treated by the adult team in our hospital), a confirmed
diagnosis of indolent lymphoma (other than FL grade 3b), any
stage (Ann Arbor I, II, III, IV and in CLL, Rai stage 0-IV), and

JMIR Form Res 2021 | vol. 5 | iss. 11 |e24936 | p.628https://formative.jmir.org/2021/11/e24936
(page number not for citation purposes)

AlShehry et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


those who underwent a PET/CT scan before treatment or start
of observation were included in the study.

Exclusion Criteria
Patients with grade 3b FL were excluded. Patients could
withdraw from the study for any reason.

Treatment Guidelines
On the basis of the initial histology and stage, the treatment
options were as follows:

• Chemotherapy+Immunotherapy (chemoimmunotherapy)
• Rituximab only
• Observation only

All these factors were considered for finding any significant
correlations between the PET/CT scan and the specified
endpoints.

Primary Objective
To assess the utility of FDG-PET/CT in prognostication (based
on SUVmax and DC) at various time points (baseline,
midtreatment, end of treatment, and 1-year follow-up).

Secondary Objectives
• To evaluate the role of FDG-PET/CT in adaptive therapies,

that is, intensive chemotherapy or targeted therapy.
• To evaluate the utility of PET/CT in situations such as

disease progression or transformation of indolent lymphoma
to DLBCL.

Data Collection Procedures
The patients were managed according to current standards of
practice. Case report forms were completed for all patients with
data entry at various phases of the study. The clinical data were
collected from electronic medical records.

All newly diagnosed patients (proven by histopathology) had
pretreatment baseline evaluation with FDG-PET/CT and
follow-up PET/CT, that is, interim PET/CT, end-of-treatment
PET/CT, and PET/CT 1 year later. FDG uptake was measured
by SUVmax normalization for total body weight, in addition to
the DC. The DC is a five-point scale that uses the mediastinum
and liver as reference organs. The patients were followed

prospectively to assess the prognostic value of early and
end-of-treatment PET/CT in these patients.

The primary endpoints of this study were the determination of
PFS in correlation with PET/CT findings (SUVmax and DC)
at different time points.

FDG-PET/CT Procedure
All PET/CT scans were acquired per accepted protocol
following a tracer dose of 8-12 mCi of FDG for adults, or
weight-adjusted dosage in smaller patients on the same GE 960
STE scanner (General Electric, Waukesha, WI, USA). All scans
were performed using the same image acquisition and
reconstruction protocol. PET/CT was performed from the vertex
of the skull to the knees 60 minutes after injection and took an
average time of 30 min. Both the uncorrected and
attenuation-corrected images were reviewed. All PET/CT scans
were reviewed visually and semiquantitatively (using the
SUVmax and DC) and interpreted blindly by 2 experienced
nuclear medicine physicians. The PET/CT images and
interpretations were reviewed in clinical context by experienced
hematologists.

Statistical Analysis
All the data were analyzed using SPSS, version 25 (IBM
Corporation). The primary endpoints and outcomes, with
complete follow-up assessment of the study, were evaluated by
the difference in response rates between patients treated with
chemoimmunotherapy and rituximab alone. The log-rank test
was applied to determine the time survival between 2 or more
independent groups. Kaplan–Meier (KM) survival curves were
used to estimate the PFS and overall survival of the patients.
Relapse-free survival (RFS) was also estimated for patient
groups treated with rituximab and chemoimmunotherapy. P<.05
was considered as statistically significant.

Results

Overview
Of the 42 patients initially enrolled in the study, 40 were
analyzed. Two patients were excluded: one due to withdrawal
of consent and the other was lost to follow-up (Figure 1).
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Figure 1. Patient allocation and schema of follow-up during the study. CLL: chronic lymphocytic leukemia; DLBCL: diffuse large B-cell lymphoma;
FL: follicular lymphoma; MALT: mucosa-associated lymphoid tissue lymphoma; MCL: mantle cell lymphoma; MZL: marginal zone lymphoma; PET:
positron emission tomography; SLL: small lymphocytic lymphoma; R-CHOP: rituximab–cyclophosphamide, doxorubicin hydrochloride, Oncovin,
prednisone; R-CVP: rituximab–cyclophosphamide, vincristine sulfate, prednisone.

Patient Characteristics
The study population included 68% (27/40) men and 33%
(13/40) women. Patients’ ages ranged from 28 to 88 years with
a mean of 59.10 (SD 14.78). The diagnoses included FL (17/40,

43%), SLL and CLL (15/40, 38%), marginal zone lymphoma
(3/40, 8%), MCL (3/40, 8%), mucosal-associated lymphoid
tissue lymphoma (1/40, 3%), and lymphoplasmacytic lymphoma
(1/40, 3%; Table 1).
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Table 1. Basic demography and clinical characteristics of the patients (N=40).

ParticipantsCharacteristics

59.10 (14.78)Age at 1st diagnosis (years)a, mean (SD)

Gender, n (%)

27 (68)Male

13 (33)Female

Therapeutic strategy, n (%)

24 (60)Chemoimmunotherapy

7 (18)Rituximab

9 (23)Observation

Diagnosis, n (%)

17 (43)Follicular

15 (38)SLLb and CLLc

3 (8)Marginal zone lymphoma

3 (8)Mantle cell

1 (3)MALTd

1 (3)Lymphoplasmacytic lymphoma

Lymphadenopathy, n (%)

31 (78)Yes

9 (23)No

Organomegaly, n (%)

14 (35)Yes

26 (65)No

Bone marrow infiltration at diagnosis, n (%)

28 (70)Yes

9 (23)No

3 (8)Not done

Bulky disease, n (%)

5 (13)Yes

35 (88)No

0 (0)Not done

Final staging, n (%)

11 (28)Early stage

29 (73)Advanced-stage disease

IPIe, n (%)

38 (95)Not applicable

1 (35)Intermediate

1 (3)High

FLIPIf, n (%)

24 (60)Not applicable

1 (35)Low

3 (8)Intermediate

12 (30)High
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ParticipantsCharacteristics

Rituximab with 1st line, n (%)

31 (78)Yes

3 (8)No

6 (15)Not applicable

Rituximab maintenance, n (%)

9 (23)Yes

22 (55)No

9 (23)Not applicable

Relapse status, n (%)

5 (13)Yes

29 (73)No

Outcome, n (%)

5 (13)Died

34 (85)Alive

aThe median age of participants is 61 years (range 28-82 years).
bSLL: small lymphocytic lymphoma.
cCLL: chronic lymphocytic leukemia.
dMALT: mucosal-associated lymphoid tissue.
eIPI: international prognostic index.
fFLIPI: follicular lymphoma international prognostic index.

All 40 patients underwent baseline PET/CT. On the basis of
clinical presentation, the patients were managed per accepted
protocol as follows: either observed only (n=9), received 4 doses
of rituximab alone (n=7), or received chemoimmunotherapy
(R-CHOP [rituximab-cychlophosphamide,
hydroxydaunorubicin, vincristine and prednisone], R-CVP
[cituximab-cychlophosphamide, vincristine and prednisone],
and R-bendamustine; n=24). Most of the patients underwent

scheduled FDG-PET/CT scans at midtreatment (only
chemoimmunotherapy arm), at 6 months, and at 1 year.
However, due to logistics, we could not obtain PET/CT scans
in a few patients in the later phases on 16 occasions (Figure 1).
For the overall study population, SUVmax and DC scores at
baseline, interim, and end of treatment per 1 year observation
as well as 1 year after chemotherapy are summarized in Table
2.

Table 2. Descriptive analysis of the study population for maximum standardized uptake value (SUVmax) and Deauville criteria.

Value, mean (SD)Value, median (range)Characteristics

8 (5)6 (2-24)SUVmax baseline

5 (4)4 (1-25)SUVmax interim

5 (5)3 (1-25)SUVmax Eed of treatment per 1 year observation

5 (3)4 (2-14)SUVmax at 1 year after last C or chemotherapy

4 (1)5 (2-5)Deauville baseline

3 (1)3 (1-5)Deauville interim

2 (1)2 (1-5)Deauville end treatment per 1 year

3 (1)2 (1-5)Deauville at 1 year after last chemoimmunotherapy

The mean time for follow-up of chemoimmunotherapy patients
was 33.24 months (SD 18.2); whereas it was 35.99 months (SD
11.65) and 38.83 months (SD 30.82) for rituximab and
observation groups, respectively.

Due to the limited sample sizes of different subsets of indolent
lymphomas, we chose to compare patients with FL (n=17)
against a subset of patients with nonfollicular indolent
lymphoma (n=23) as presented in Table 3. Bulky disease was

seen in 29% (5/17) patients with FL, whereas 71% (12/17) of
patients with FL had high follicular lymphoma international
prognostic index (FLIPI) scores. Of the 40 patients, 73% (29/40)
had advanced-stage disease, more so in the FL group with 88%
(15/17) patients than in the nonfollicular indolent lymphoma
group, with 61% (14/23; P=.06) patients. Lymphadenopathy
was observed in 94% (16/17) patients with FL, compared with
65% (15/23) in the nonfollicular indolent lymphoma patients
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(P=.03). However, organomegaly was more common in the non-FL group (P=.05) as presented in Table 3.

Table 3. Relationship between the diagnosis of follicular lymphoma (FL) versus non-FL type of indolent lymphomas and characteristics of patients
(N=40).

P valueNonfollicular (n=23), n (%)Follicular (n=17), n (%)Characteristics

.27Gender

15 (65)12 (71)Male

8 (35)5 (29)Female

.68B symptoms

8 (35)7 (41)Yes

15 (65)10 (59)No

.03Lymphadenopathy

15 (65)16 (94)Yes

8 (35)1 (6)No

.048Organomegaly

11 (48)3 (18)Yes

12 (52)14 (82)No

.24Bone marrow infiltration at diagnosis

16 (70)12 (71)Yes

4 (17)5 (29)No

3 (13)0 (0)Not done

.005Bulky disease

0 (0)5 (29)Yes

23 (100)12 (71)No

.06Final staging

9 (39)2 (12)Early stage

14 (61)15 (88)Advanced-stage disease

.50IPIa

21 (91)17 (100)Not applicable

1 (4)0 (0)Intermediate

1 (4)0 (0)High

.001FLIPIb

23 (100)1 (6)Not applicable

0 (0)1 (6)Low

0 (0)3 (18)Intermediate

0 (0)12 (71)High

aIPI: international prognostic index.
bFLIPI: follicular lymphoma international prognostic index.

As expected, the advanced stage of indolent lymphoma had a
higher SUVmax in comparison with early-stage indolent
lymphomas (Table 4). Patients with a DC score>3.0, at baseline,
had higher lactate dehydrogenase compared with those with a
DC score ≤3.0 (20/23, 87% vs 3/23, 13%; Table 5). Patients
with FL had higher SUVmax and DC scores than all other
nonfollicular indolent lymphomas (Table 6). Twelve patients

with FL had bone marrow (BM) involvement on biopsy, but in
one of these patients, BM involvement could not be detected
on PET/CT (Figure 2).

Patients with a Deauville score >3.0 at baseline had high lactate
dehydrogenase (20/23, 87%) compared with those with a
Deauville score ≤3.0 (3/23, 13%).
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Table 4. Distribution of patients according to the maximum standardized uptake value (SUVmax), Deauville and final staging (N=40).

P valueDisease staging, n (%)Characteristics

Advanced-stage diseaseEarly stage

<.001Group SUVmax baseline

4 (14)9 (82)<4.35

25 (86)2 (18)≥4.35

.007Group SUVmax baseline

16 (55)11(100)<9.41

13 (45)0 (0)≥9.41

<.001Group Deauville baseline

2 (7)8 (73)≤3.0

27 (93)3 (27)>3.0

<.001Group Deauville baseline

7 (24)10 (91)≤4.0

22 (76)1 (9)>4.0

Table 5. Distribution of patients according to the maximum standardized uptake value (SUVmax), Deauville score, and lactate dehydrogenase (N=40).

P valueLDHa, n (%)Characteristics

>220 (high; n=23)≤220 (normal; n=17)

.31SUVmax baseline

6 (26)7 (41)<4.35

17 (74)10 (59)≥4.35

.29SUVmax baseline

14 (61)13 (76)<9.41

9 (39)4 (24)≥9.41

.04Deauville baseline

3 (13)7 (41)≤3.0

20 (87)10 (59)>3.0

.25Deauville baseline

8 (35)9 (53)≤4.0

15 (65)8 (47)>4.0

aLDH: lactate dehydrogenase.
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Table 6. Distribution of patients according to the maximum standardized uptake value (SUVmax), Deauville, and diagnosis (N=40).

P valueDiagnosis, n (%)Characteristics

NonfollicularFollicular

.002Group SUVmax baseline

12 (52)1 (6)<4.35

11 (48)16 (94)≥4.35

<.001Group SUVmax baseline

21 (91)6 (35)<9.41

2 (9)11 (65)≥9.41

.02Group Deauville baseline

9 (39)1 (6)≤3.0

14 (61)16 (94)>3.0

.006Group Deauville baseline

14 (61)3 (18)≤4.0

9 (39)14 (82)>4.0

Figure 2. Sequential fluorodeoxyglucose–positron emission tomography/computed tomography scan findings in subject number 2, a case of follicular
lymphoma.
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Figure 2 shows the images of the patient from initial presentation
(images A-H) until complete metabolic remission. Maximum
intensity projection (MIP; image A) and multiplanar PET/CT
demonstrated extensive hypermetabolic lymphadenopathy above
and below the diaphragm. The arrowhead indicates
retroperitoneal lymphadenopathy, and the solid arrow indicates
left inguinal lymphadenopathy (A, MIP; B, coronal PET; C,
sagittal fused PET/CT; D, sagittal PET; E, axial fused PET/CT;
F, axial PET; G, axial fused PET/CT; and H, axial PET). BM
involvement was not observed. The patient achieved complete
metabolic remission of previously noted residual hypermetabolic
lymphadenopathy above and below the diaphragm after 6 cycles
of R-CVP and rituximab maintenance (image I, MIP). He

relapsed within 21 months with interval development of
FDG-avid left inguinal lymphadenopathy (images J-N). Solid
arrow: left inguinal lymphadenopathy (J, MIP; K, sagittal fused
PET/CT; L, sagittal PET; M, axial fused PET/CT; and N, axial
PET). After involved-field radiation to the inguinal area, the
patient achieved complete metabolic remission of previously
noted left inguinal lymphadenopathy (image O, MIP).

The cumulative overall survival of the study participants was
73.4%. The estimated mean overall survival time was 88.29
months (range 66.28-110.31 months). The cumulative PFS of
the study sample was 71.7%, with a median PFS time of 87.14
months (range 64.19-109.37; Figure 3).

Figure 3. (A) Overall survival of all the study patients (N=40). The cumulative overall survival rate of the study was 73.4%. However, it was not
possible to obtain the median survival time of this curve, as the censorship was less than 50% but the estimated overall mean survival time was recorded
as 88.29 (range 66.28–110.31) months. (B) Progression-free survival (PFS) of all the study patients (N=40). The overall cumulative PFS rate of the
study was 71.7% and the overall median progression survival time was 87.14 (range 64.91–109.37) months. (C) Comparison of the cumulative RFS of
the patients treated with chemoimmunotherapy (n=24) or rituximab only (n=7). The cumulative RFS of the patients treated with chemoimmunotherapy
was 60% and the median relapse-free survival time was observed to be 36.60 months, whereas the cumulative RFS of the patients treated with rituximab
only was 50% and the median relapse-free survival time was observed to be 9.67 months. No statistically significant difference was observed between
the 2 survival curves (P=.29). At 15 months, RFS was 80% for the chemoimmunotherapy group versus 50% for the rituximab group.

Survival curves were developed (overall survival and PFS) for
all study participants (Figures 3A and B), and a comparative
overall survival and PFS KM curve based on various SUVmax
values was developed to find the best SUVmax cutoff values
that might guide the estimation of survival.

These included survival curves for the baseline PET/CT scan
SUVmax ≥4.35 vs <4.35, and ≥9.41 vs <9.41 (33rd and 66th

percentile-based values). Using the receiver operating
characteristic curve, we were unable to detect an optimum
threshold for SUVmax at baseline to predict overall survival;
however, we adjudicated that SUVmax value of 4.35 (33rd
percentile-based values) was a good cutoff value for segregating
survival function at baseline (Figure 4).

Figure 4. (A) Overall survival maximum SUVmax baseline values <4.35 and ≥4.35. The overall cumulative survival rate of the patients with baseline
SUVmax <4.35 was 100% and the median survival time was observed to be 106.67 months, whereas the cumulative survival of the patients with baseline
SUVmax ≥4.35 was 58.4% and the median survival time cannot be calculated because the censorship is less than 50%. Moreover, there were no
statistically significant differences between the 2 groups (P=.13). (B) PFS SUVmax baseline values <4.35 and ≥4.35. The cumulative PFS of the patients
with SUVmax baseline <4.35 was 100% and the median survival time was 106.67 months, whereas the cumulative survival of the patients with SUVmax
baseline ≥4.35 was 63% and no median survival time was observed. Furthermore, there was no statistically significant difference between the 2 groups
(P=.17). (C) Overall survival Deauville baseline values ≤3.0 and >3.0. The overall cumulative survival of the patients with baseline Deauville <3.0 was
100% and the median survival time (months) was 106.67, whereas the overall survival of the patients with baseline Deauville ≥3.0 was 59.30% and the
median survival time cannot be calculated because the censorship is less than 50%. Moreover, there were no statistically significant differences (P=.19)
between the 2 groups. OS: overall survival; PFS: progression-free survival; SUVmax: maximum standardized uptake value.
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For follow-up phases (after treatment per 6-month follow-up
and at 1-year follow-up), we compared overall survival with
PFS for SUVmax ≥4.35 vs <4.35 (Figures 5A and B).
Comparative overall survival and PFS KM curves for Deauville

score ≤3 vs <3 were also developed at presentation (Figure 4C),
after treatment per 6-month follow-up, and at 1-year follow-up
(not shown).

Figure 5. (A) OS SUVmax interim values <4.35 and ≥4.35. The overall cumulative survival of the patients with SUVmax interim <4.35 was 100%
and the median survival time was observed to be 106.67 months, whereas the cumulative survival of the patients with SUVmax interim ≥4.35 was
43.8% and the median survival time was 50.37 months. No statistically significant difference was observed between the 2 survival curves (P=.08). (B)
PFS SUVmax interim values <4.35 and ≥4.35. The cumulative PFS of the patients with SUVmax interim<4.35 was 100% and the median survival time
was observed to be 106.67 months, whereas the cumulative survival of the patients with SUVmax interim ≥4.35 was 43.8% and the median survival
time was observed to be 50.170 months. Furthermore, statistically significant differences were observed between the 2 survival curves (P=.04). OS:
overall survival; PFS: progression-free survival; SUVmax: maximum standardized uptake value.

The Best Discriminatory SUVmax Values of This Study
Overall, the value of SUVmax (<4.35 vs ≥4.35) on interim
PET/CT performed the best discriminatory function in predicting
PFS. The cumulative PFS of the patients with SUVmax <4.35
at interim PET/CT was 100% and the observed median survival
time was 106.67 months. Whereas the cumulative PFS of the
patients with SUVmax ≥4.35 on interim PET/CT was 43.8%
and the observed median survival time was 50.17 months.
Furthermore, a statistically significant difference was observed
between the 2 survival curves (P=.04; Figure 5B).

The same value of SUVmax (<4.35 vs ≥4.35) showed good
discrimination in predicting overall survival at baseline and
interim PET/CT. The cumulative overall survival of the patients
with baseline SUVmax <4.35 was 100% and the median survival
time was 106.67 months; whereas the cumulative overall
survival of the patients with baseline SUVmax ≥4.35 was 58.4%
(P=.13; Figure 4A). The cumulative overall survival of the
patients with an interim SUVmax <4.35 was 100% and the
median survival time was observed to be 106.67 months.
Whereas the cumulative overall survival of the patients with
interim SUVmax ≥4.35 was 43.8% and the median survival
time was 50.37 months. Although there was no statistically

significant difference between the 2 groups (P=.08), there was
a trend of better overall survival in the group with interim
SUVmax <4.35 (Figure 5A).

The cumulative PFS of the patients with SUVmax baseline<4.35
was 100% and the median survival time was 106.67 months,
whereas the cumulative PFS of the patients with baseline
SUVmax ≥4.35 was 63%. This difference was not statistically
significant (P=.17; Figure 4B).

Indolent lymphomas, due to their nature, are deemed to relapse;
thus, we did not focus on a detailed analysis of RFS. However,
we compared the cumulative RFS of the patients treated with
chemoimmunotherapy (n=24) and those of patients treated with
rituximab only (n=7). The cumulative RFS of the
chemoimmunotherapy group was 60% and the median RFS
time was 36.6 months, whereas RFS of the rituximab-only group
was 50% with a median RFS time of 9.67 months (P=.29; Figure
3C).

In our study, 3 patients underwent transformation to DLBCL
during the study period (eg, Figures 6 and 7). The SUVmax at
transformation was 11, 14.3, and 19.8, respectively. This was
helpful in guiding targeted biopsies in patients with clinically
suspected transformation.
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Figure 6. Sequential fluorodeoxyglucose–positron emission tomography/computed tomography (FDG-PET/CT) scan findings in participant number
14, a case of small lymphocytic lymphoma (SLL) and chronic lymphocytic leukemia (CLL) that transformed to diffuse large B-cell lymphoma. Initial
presentation showed multiple low FDG-avid lymphadenopathy in the head and neck, mesenteric, bilateral axillary, and bilateral inguinal regions (images
A-D). Solid arrows: bilateral axillary lymphadenopathy (A, maximum intensity projection [MIP]; B, coronal fused PET/CT; C, axial fused PET/CT;
and D, axial PET). On follow up, interval development of new intense FDG-avid mesenteric lymph nodes (arrowhead in images E-H) and biopsy showed
persistent SLL with Ki67 of 10% (E, coronal fused PET/CT; F, MIP; G, axial fused PET/CT; and H, axial PET). The patient sought a second opinion
and was lost to follow-up until he reported with interval development of new intense FDG-avid large right subpectoral lymph node and interval resolution
of the FDG-avid mesenteric lymph node (images I-K). Solid arrows: right subpectoral lymphadenopathy (I, MIP; J, axial fused PET/CT; and K, axial
PET/CT). After R-mini-CHOP (cychlophosphamide, hydroxydaunorubicin, vincristine, and prednisone) chemotherapy, there was complete metabolic
response of the previously noted intense FDG-avid subpectoral lymph nodes as well as amild FDG activity in the bilateral axillary lymph nodes (L,
MIP).
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Figure 7. Sequential fluorodeoxyglucose–positron emission tomography/computed tomography (FDG-PET/CT) scan findings in participant number
40, a case of follicular lymphoma that transformed to diffuse large B-cell lymphoma (DLBCL). At baseline, follicular lymphoma causing multiple
FDG-avid lymphadenopathy was observed above and below the diaphragm with splenic and osseous involvement (images A-D). Solid arrow: FDG-avid
left sacral ala bone metastasis; hollow arrow: FDG-avid left axillary lymphadenopathy; arrowhead: multiple focal areas of FDG uptake in the spleen
(A, maximum intensity projection [MIP]; B, coronal fused PET/CT; C, axial fused PET/CT; and D, axial fused PET/CT). After 6 cycles of rituximab
+ bendamustine, interval metabolic resolution (images E-H) of the previously noted FDG-avid lymphadenopathy and splenic lesion and most of the
bony lesions except residual FDG-avid solitary bone lesion was noted in the sacrum (arrows: E, MIP; F, coronal fused PET/CT; G, axial fused PET/CT;
and H, axial PET). On further follow-up, an interval increase in size and FDG activity of the left sacral ala metastasis (arrow) was proven to be
transformation to DLBCL (images I-M) (I, MIP; J, sagittal fused PET/CT; K, sagittal PET; L, axial fused PET/CT; M, axial PET).

Discussion

Principal Findings
In this prospective study evaluating the utility of PET/CT in
indolent lymphomas, FDG uptake was measured using the
SUVmax and Deauville criteria at various time points. We
developed the overall survival and PFS curves for the study
population (n=40) and comparative overall survival and PFS
KM curves based on SUVmax and Deauville score at baseline
and various follow-up phases. Moreover, we evaluated the role
of FDG-PET/CT in adaptive therapies, that is, intensive
chemotherapy and/or targeted therapy, as well as in situations
such as transformation or progression of indolent lymphomas
to DLBCL. PET/CT was helpful in detecting SLL and CLL
transformation to DLBCL (Figure 6), and FL relapse or
transformation to DLBCL (Figure 7).

Median RFS for the rituximab-only group was 50% compared
with 60% for the chemoimmunotherapy group, and the median
RFS time was 9.67 months and 36.6 months respectively
(P=.29), indicating insignificant superiority of

chemoimmunotherapy. The outcome in patients with FL has
improved over the last 2 decades through the introduction of
anti-CD20 monoclonal antibodies, which are usually used in
combination with chemotherapy. Chemotherapy-free rituximab
only has been proposed as a preferable approach in low tumor
burden FL, but is still a matter of debate [20-22]. Lockmer et
al [23] indicated that an initial rituximab-only approach in
patients with indolent lymphomas was associated with an
increased overall survival compared with that found in other
studies with first-line immunochemotherapy. However, our
study, although having a short follow-up time, showed better
outcomes with chemoimmunotherapy than with rituximab only.

The most significant findings included an SUVmax cutoff value
of 4.35 at interim assessment. The cumulative PFS of the
patients with SUVmax interim<4.35 was 100%, and the
observed median survival time was 106.67 months as opposed
to the patients with SUVmax interim≥4.35 who had a PFS of
43.8% and a median survival time of 50.17 months (P=.04).
Patients with interim SUVmax <4.35 had an overall survival
of 100% with a median survival time of 106.67 months. For
patients with interim SUVmax ≥4.35, overall survival was
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43.8% with a median survival time of 50.37 months (P=.08).
Regarding the utility of the Deauville score in indolent
lymphomas, we noted a mild trend: at baseline, the overall
survival was observed to be better with Deauville score<3.0
compared with Deauville score≥3.0. The cumulative overall
survival of the patients with baseline Deauville<3.0 was 100%,
whereas the overall survival of the patients with baseline
Deauville≥3.0 was 59.30% (P=.19). In addition, it confirmed
the utility of a remarkably high SUVmax in PET/CT for the
transformation of indolent lymphomas in 3 patients.

It can be speculated that a relatively short follow-up period of
a small population size divided among 3 management strategies
contributed to the marginal degree of segregation of survival
curves based on the chosen cutoff values for SUVmax we
studied. The median follow-up time of our study population
from diagnosis was 33.50 months (mean 34.83 months). The
follow-up duration for chemoimmunotherapy patients was 33.24
months (SD 18.2), for the rituximab group it was 35.99 months
(SD 11.65), and for the observed group it was 38.83 months
(SD 30.82). As indolent lymphomas have a characteristic
behavior of being incurable with commonly available therapies,
and relapse of the same type of lymphoma or histological
transformation to more aggressive types of lymphomas is
common, this follow-up period is not sufficient to draw more
reasonable results. Expanding the follow-up, as well as
increasing the sample size would have yielded statistically robust
values.

FDG may be used as a biomarker for assessment of response
to therapy by either visual interpretation, such as the DC or by
semiquantitative assessment of response using an SUVmax

threshold. Currently, 18FDG-PET/CT is considered the standard
imaging technique for evaluating response assessment in HL,
DLBCL, and FL due to its ability to reveal residual metabolic
activity irrespective of residual volume. The role of baseline
SUVmax in predicting therapeutic outcomes in indolent
lymphoma has also been investigated [8]. In our study, SUVmax
in FL was 2.1-24 (mean 8). For patients with FL with a high
FLIPI score, the SUVmax was 6.1-24 (mean 10.4). All patients
with FL, except 1, were alive at the time of the analysis. PFS
in FL cases was 90-576 days (mean 780.2 days). For those with
high FLIPI, the PFS was 120-1823 (mean 787.3). The overall
survival time in all FL cases was 90-1823 (mean, 944.8). In
those with a high FLIPI score, the overall survival time was
355-1823 (mean 941.8). Hence, we did not observe the impact
of SUVmax on the survival outcome of patients with FL. In
concordance with the findings of Trotman et al [17,24], our
study, although limited by the number of FL cases (17, of which
5 had bulky disease and 12 had high FLIPI score), we did not
observe any correlation between FLIPI score and outcome.

A retrospective study of 81 patients with MCL revealed that
baseline SUVmax is predictive of outcome; in patients with
SUVmax <5.0, the 5-year survival was 87.7%, whereas it
dropped to 34% when SUVmax was>5.0 [25]. In our study, 3
patients had MCL, and their baseline SUVmax ranged from
5.2-6.8. The overall survival time ranged from 181 to 1379 days
(median 1051). Although all 3 had advanced-stage disease and
received similar treatment with rituximab and bendamustine,

one patient with a baseline SUVmax of 5.2 died without
achieving complete metabolic remission, reflecting no
meaningful correlation between SUVmax and survival in this
limited number of patients.

Currently, there is no consensus on the optimal discriminatory
baseline SUVmax for indolent lymphomas. Schoder et al [26]
found that all patients with indolent non-HL had an SUVmax
≤13 and that SUVmax>10 was the best cutoff value to
discriminate between aggressive and indolent lymphoma with
81% specificity. In our study, we included only confirmed
indolent lymphoma cases, and we observed a median SUVmax
of 6.35 (2.1 to 15.4) at presentation.

In a prospective study of 38 patients with clinical or histological
suspicion of transformed lymphoma, a biopsy of the site with
the highest SUVmax showed that all patients with SUVmax>17
had transformed, whereas those with SUVmax <17 had not.
The best cutoff value was SUVmax of 14 [27]. In our study, 3
patients underwent transformation during the study period. The
SUVmax at transformation ranged from 11 to 19.8 (mean=13.7),
which led to a decision of guided biopsy. Although our study
size is small, the findings in our study corroborate observations
by Barrington et al [28], that FDG-PET/CT can guide targeted
biopsies in patients with suspected transformation.

In 2014, the imaging group of the International Conference on
Malignant Lymphoma recommended that evaluation of response
to treatment of FDG-avid lymphoma should be performed with
FDG-PET/CT [28], and FL is considered a lymphoma subtype
for which FDG-PET/CT is indicated as mandatory for staging
and response assessment. The DC proposed in 2009 are now
commonly accepted for PET/CT reporting for response
assessment. An advantage of the DC is that a graded response
is defined that allows the threshold to be changed according to
the proposed intervention: escalation (PET/CT-positive if score
≥4) or de-escalation (PET/CT-positive if score ≤3) to select
true-positive or true-negative patients. It has been proposed that
the DC described initially for reporting interim PET/CT may
also be used for reporting end-treatment PET/CT [28,29].

The FDG-PET/CT reporting using DC has been used to tailor
therapy at the end of treatment and during treatment with a
PET/CT-guided strategy in HL and other lymphomas including
FL [10,30]. The International Conference on Malignant
Lymphoma imaging committee proposed that the DC be
extended to end-treatment evaluation [28,31]. With rapid
improvements in scanner technology, the minimum score
requirement for PET/CT used in the International Harmonization
Project (IHP) has become less relevant, and the mediastinal
threshold used in the IHP is analogous to a DC score of 1 or 2.
Furthermore, a single method of visual assessment in PET/CT
is desirable for the interim and end-treatment response
assessments. DC scores 1-3 are therefore considered to represent
a complete metabolic response under standard treatment. The
validity of using the DC with this cutoff for end-treatment
PET/CT reporting has recently been confirmed in important
studies in FL with a high tumor burden [17].

Federico et al [10] compared the diagnostic accuracy of
FDG-PET/CT for clinical evaluation at the end of treatment
using the DC and IHP criteria]; their results indicated that the
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DC is simpler to apply and certainly more effective than the
IHP criteria [10].

The results of all the studies discussed above suggest that this
holistic approach could improve risk stratification in FL and
other indolent lymphomas, and may help build new treatment
strategies. However, larger series and prospective multicenter
studies are needed before they can be used as risk factors.
PET/CT has recently been reported to be useful in detecting
BM involvement in FL [32]. However, in our study, of the 17
patients with FL, 12 (70.6%) had BM involvement in the biopsy
report, but we could not detect BM involvement in one of those
patients, as depicted in Figure 6.

Although using PFS versus overall survival and other quality
measures [33] is a matter of debate, we estimated both overall
survival and PFS in this prospective study. It seems clear that
the growing use of PFS as a primary endpoint in many
randomized controlled trials of advanced solid tumors is because
a definition for progression exists, we can measure it, and it
shortens trial periods. We also used a more meaningful overall
survival, but obviously, it requires longer follow-up for a better
picture.

The PRIMA trial [34] showed a positive PET/CT scan after
treatment, predicted a shorter PFS, and a higher risk of death
[24]. A subsequent prospective observational study with a
standardized PET/CT acquisition and interpretation criteria
confirmed these findings, with a similar risk of progression for
PET/CT-positive patients who were assessed centrally by
applying a cutoff of ≥4 on DC [35].

To compare the central PET/CT review with that of the local
investigators for a subset of patients with FL in the PRIMA trial
using 2 standardized response criteria, the 2007 IHP criteria
and the DC, Tychyj-Pinel, et al [9] reported that at diagnosis,
the mean SUVmax of PET-positive cases was 11.7 (range
4.6–35.6), as compared with a mean SUVmax of 8 (2.1-24) in
our FL cases. In both studies, there was no significant
association between baseline SUVmax and PFS. In 60
postimmunochemotherapy induction scans, Tychyj-Pinel, et al
[9], applying the DC with a cutoff ≥4, reported a significantly
inferior 42-month PFS in PET-positive patients of 25% versus
61.4% in PET-negative patients (P=.01). In our study, only 15
patients with FL underwent postinduction PET/CT scans; 2
patients had a DC score of 5 and their mean PFS was 760 days,
whereas 13 patients with a DC score ≤3 had a mean PFS of
782.35 days. We observed no significant difference in PFS
across these DC scores (P=.39). Although in our study
population, we could show some trends in overall survival and
PFS in relation to SUVmax and DC, we could not obtain the
optimal pretreatment SUVmax cutoff for receiver operating
characteristic analysis.

Ideas for Future Research
What else can be done from such a study-related data in the
future in view of ongoing alternative efforts in the field–food
for thought? As we planned our study and started it, multiple

developments in the alternate analysis of PET/CT images have
taken place. Although these developments are attractive, due
to logistic difficulties, this analysis could not be performed.
Some of these ideas are described below in future studies.

Texture analysis and data mining of medical images, also known
as Radiomics, is an emerging field in radiology. Radiomics is
the extraction of occult information from clinical images and
subsequent data mining to gain actionable insights. The
radiologic texture is the variation in image intensities and occult
patterns within an image and is an important part of Radiomics
[36,37].

Other exciting developments include integrative FDG-PET/CT,
combining a PET/CT scan performed at different time points
during treatment or quantitative PET/CT scan parameters with
clinical or biological data or other imaging techniques. The
integration of information from several different sources
(clinical, biological, imaging, etc, along with or integrating with
ΔSUVmax [change in SUVmax between 2 points] could lead
to more personalized risk stratification) [29].

The prognostic value of total metabolic tumor volume (TMTV)
has also been investigated. Trotman et al [17] observed that in

patients with FL with a high tumor burden, a TMTV>938 cm3

can identify a small subset of patients with a poor outcome [17].

Total lesion glycolysis, which is the sum of the product of the
metabolic volume of each local tumor multiplied by its mean
standardized uptake value (total lesion glycolysis = Σmetabolic
tumor volume × mean standardized uptake value), is another
parameter that has been studied in DLBCL as a better prognostic
tool compared with TMTV [13,14]. It may be attractive to study
TMTV in indolent lymphomas.

Finally, keeping the above advancements in mind, our study
calls for action in our region for future prospective studies.

Limitations
The limitations of our study include the small sample size
divided among the 3 management strategies and a limited period
of follow-up in these indolent lymphomas. Making any firm
conclusions about the utility of PET/CT based on a small study
population and heterogeneous patients is difficult.

Conclusions
In this prospective cohort study consisting of 40 patients, we
demonstrated the utility of PET/CT in indolent lymphomas.
Overall, the values of SUVmax (<4.35 vs ≥4.35) on interim
PET/CT performed the best discriminatory function in predicting
PFS. The cumulative PFS of the patients with SUVmax <4.35
at interim PET/CT, was 100% and the median survival time
was 106.67 months, whereas the cumulative PFS of patients
with SUVmax ≥4.35 was 43.8% and the median survival time
was 50.17 months (P=.04). The same values showed a good
trend in predicting overall survival at baseline and interim PET.
Further prospective studies in this region is needed.
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Abstract

Background: Digital mental health interventions are being used more than ever for the prevention and treatment of psychological
problems. Optimizing the implementation aspects of digital mental health is essential to deliver the program to populations in
need, but there is a lack of validated implementation outcome measures for digital mental health interventions.

Objective: The primary aim of this study is to develop implementation outcome scales of digital mental health for different
levels of stakeholders involved in the implementation process: users, providers, and managers or policy makers. The secondary
aim is to validate the developed scale for users.

Methods: We developed English and Japanese versions of the implementation outcome scales for digital mental health (iOSDMH)
based on the literature review and panel discussions with experts in implementation research and web-based psychotherapy. The
study developed acceptability, appropriateness, feasibility, satisfaction, and harm as the outcome measures for users, providers,
and managers or policy makers. We conducted evidence-based interventions via the internet using UTSMeD, a website for mental
health information (N=200). Exploratory factor analysis (EFA) was conducted to assess the structural validity of the iOSDMH
for users. Satisfaction, which consisted of a single item, was not included in the EFA.

Results: The iOSDMH was developed for users, providers, and managers or policy makers. The iOSDMH contains 19 items
for users, 11 items for providers, and 14 items for managers or policy makers. Cronbach α coefficients indicated intermediate
internal consistency for acceptability (α=.665) but high consistency for appropriateness (α=.776), feasibility (α=.832), and harm
(α=.777) of the iOSDMH for users. EFA revealed 3-factor structures, indicating acceptability and appropriateness as close
concepts. Despite the similarity between these 2 concepts, we inferred that acceptability and appropriateness should be used as
different factors, following previous studies.

Conclusions: We developed iOSDMH for users, providers, and managers. Psychometric assessment of the scales for users
demonstrated acceptable reliability and validity. Evaluating the components of digital mental health implementation is a major
step forward in implementation science.

(JMIR Form Res 2021;5(11):e24332)   doi:10.2196/24332
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Introduction

Background
Due to rapid advances in technology, mental health interventions
delivered using digital and telecommunication technologies
have become an alternative to face-to-face interventions. Digital
mental health interventions vary from teleconsultation with
specialists (eg, physicians, nurses, psychotherapists) to fully or
partially automated programs led by web-based systems or
artificial intelligence [1,2]. For example, internet-based cognitive
behavioral therapy has been found useful for improving
depression, anxiety disorders, and other psychiatric conditions
[3-5]. Moreover, a recent meta-analysis suggested that
internet-based interventions were effective in preventing the
onset of depression among individuals with subthreshold
depression, indicating future implications for community
prevention [6]. Past studies have demonstrated that mental health
interventions are suitable for digital platforms because of several
reasons: rare need for laboratory testing of patients, chronic
shortage of human resources in the field of mental health, and
stigma often experienced by patients in consulting mental health
professionals [7].

Although numerous studies have demonstrated the efficacy of
digital mental health interventions, many people do not benefit
from them mainly due to insufficient implementation.
Implementation is defined as “a specified set of activities
designed to put into practice a policy or intervention of known
dimensions” [8]. The entire care cascade can benefit from
optimization. People with mental health problems are known
to face psychological obstacles to treatment [9] due to lack of
motivation [9,10], lower mental literacy [11], or stigma [12].
Moreover, digital mental health interventions face high attrition
and low adherence to programs especially in open-access
websites [13-15]. This may be because implementation aspects
have not been fully examined when the interventions are being
developed. One of the major barriers is the lack of reliable and
valid process measures. Validated measures are needed to
monitor and evaluate implementation efforts. Core
implementation outcomes include acceptability, appropriateness,
feasibility, adoption, penetration, cost, fidelity, and sustainability
[16,17]. However, most of these measures have not yet been
validated. Weiner et al have developed validated scales for
acceptability, appropriateness, and feasibility [18], but these
scales were not designed for digital mental health settings. A
systematic review of implementation outcomes in mental health
settings reported that most outcomes focused on acceptability,
and other constructs were underdeveloped without psychometric
assessment [19].

Moreover, implementation involves not only the patients
targeted by an intervention but also individuals or groups
responsible for program management, including health care
providers, policy makers, and community-based organizations
[8]. Providers have direct contact with users. Managers or policy

makers have the authority to decide on the implementation of
these programs.

Objectives
To our best knowledge, outcome measurements to evaluate
implementation aspects concerning users, providers, and
managers or policy makers are not available in digital mental
health research. Therefore, the primary aim of this study is to
develop new implementation outcome scales for digital mental
health (iOSDMH) interventions that can be applied for users,
providers, and managers or policy makers. The secondary aim
is to validate the implementation scale for users. This study
does not include validation of the implementation scale for
providers and managers because the study does not involve
providers and managers.

Methods

Study Design
We originally developed the English and Japanese versions of
the iOSDMH based on previously published literature [18,19],
which proposed the 3 measures of the implementation outcome
scale and provided a systematic review of implementation
outcomes. The development of iOSDMH consisted of 3 phases.
In the first phase, literature review on implementation scales
was conducted, and scales with high scores for evidence-based
criteria were selected for further review. Each item from the
item pool was critically reviewed by 3 researchers, and they
discussed whether the items were relevant for digital mental
health. Based on the selected items, the team developed the first
drafts of the scales for users, providers, and managers or policy
makers. In the second phase, the draft of the iOSDMH was
carefully examined by 2 implementation researchers and 1
mental health researcher. With these expert panels, the research
team discussed the relevance of the selected items in each
category as well as the wording of each question and created
the second drafts of the scales. In the third phase, the draft of
the iOSDMH was presented to the implementation and digital
mental health researchers to confirm the scales and further
changes were made based on their inputs. After confirming the
relevance of the scales with the expert panels, we conducted an
internet-based survey to examine the scale properties of the
Japanese version of the iOSDMH for users. Although the
iOSDMH targeted 3 categories of implementation stakeholders,
namely users, providers, and managers or policy makers [8],
tool validation was conducted for users only, as the study did
not involve providers and managers.

Ethical Considerations
This study was approved by The Research Ethics Committee
of the Graduate School of Medicine/Faculty of Medicine,
University of Tokyo (No. 2019361NI). The aims and procedures
of the study were explained on the web page before participants
answered the questionnaire. Responses to the questionnaire
were considered as the consent to participate.
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Development Process of iOSDMH
The development of the iOSDMH consisted of 3 phases. In the
first phase, 3 of the investigators (EO, NS, and DN) reviewed
89 implementation scales from previous literature and a
systematic review of implementation outcomes [18,19]. After
the review, we selected 9 implementation scales (171 items)
that were rated with evidence-based criteria in the following
categories: acceptability of the intervention process,
acceptability of the implementation process, adoption, cost,
feasibility, penetration, and sustainability. Each item was
reviewed carefully by 3 researchers, and 4 highly scored
instruments in terms of psychometric and pragmatic quality
were selected [20-23]. The following concepts were considered
relevant in measuring implementation aspects of digital mental
health interventions. Moore et al [21] developed the assessment
tool for adoption of technology interventions. Whittingham et
al [22] evaluated the acceptability of the parent training program.
Hides et al [20] reported the feasibility and acceptability of
mental health training for alcohol and drug use. Yetter [23]
reported the acceptability of psychotherapeutic intervention in
schools. Relevant items were adapted for the web-based mental
health interventions, and those not relevant in the context of
digital mental health were excluded.

The iOSDMH consisted of two parts: (1) evaluations and (2)
adverse events of using digital mental health programs.

In the second phase, the drafts of the iOSDMH for users,
providers, and managers were reviewed by experts on web-based
psychotherapy (KI) and implementation science (MK and RV),
and a consensus was reached to categorize all items into the
concepts of acceptability, appropriateness, and feasibility for
evaluation. We primarily had 22 items for evaluating the use
of digital mental health programs and 6 adverse events of the
program for users. We narrowed these to 14 items for
evaluations and 5 items for adverse events following discussions
with expert panels. For the iOSDMH of providers, we first had
14 items for evaluations and 1 item for adverse events; we then
selected 10 items for evaluations and 1 item for adverse events.
For the iOSDMH of managers, we first had 11 items for
evaluations and 1 item for adverse events but changed them to
13 items for evaluations and 1 item for adverse events.
Acceptability is the perception that a given practice is agreeable
or palatable, such as feeling “I like it.” Wordings of the items
on acceptability (Items 1, 2, and 3 for users, and Item 2 for
managers) were taken from Moore et al [21]. Item 3 for users
and Items 1, 3, and 4 for managers were from Whittingham et
al [22]. The wording of Item 4 for providers was from Yetter
et al [23]. Appropriateness is the perceived fit, relevance, or
compatibility, such as feeling “I think it is right to do.” Wordings
of Item 5 for users, and Items 5 and 7 for managers were from
Moore et al [21]. The wording of Item 8 for providers was based
on Hides et al [20]. Items 4, 6, and 7 for users and Item 6 for
managers were originally developed based on discussions. Item
9 for providers and Item 8 for managers were worded according
to Whittingham et al [22]. Feasibility is the extent to which a

practice can be successfully implemented [17]. Wordings of
Items 8 and 9 for users, Item 7 for providers, and Item 12 for
managers were from Moore et al [21]. Items 10, 11, and 13 for
users and Item 8 for providers were from Hide et al [20]. Items
12 and 14 for users, Item 9 for providers, and Items 9, 10 and
11 for managers were originally developed based on discussions.
In addition to the 3 concepts, we added 1 item related to overall
satisfaction in the evaluation section because overall satisfaction
is considered important in implementation processes [17].
Previous literature distinguished between satisfaction and
acceptability, with acceptability being a more specific concept
referring to a certain intervention and satisfaction usually
representing general experience [16]. However, we considered
that overall satisfaction was an important client outcome of
process measures. The second part involved harm (ie, adverse
effects of interventions). Burdens and adverse events in using
digital programs should be considered because digital mental
health interventions are not harm free [24].

In the final step, the second drafts of the iOSDMH for users,
providers, and managers were reviewed by 2 external researchers
(PC and TS), 1 digital mental health researcher, and 1
implementation researcher, and corrections were made based
on discussions. We recognized that the relevance of some items
differed according to cultural contexts of responders. For
example, Item 2 on acceptability for users, Item 3 on
acceptability for providers, and Item 2 on acceptability for
managers asked whether using the program would improve their
social image, or their evaluation of themselves or their
organizations. Improving social image may be important and
beneficial in some cultural groups but not as much in others.
Researchers of 3 different countries considered these items to
be relevant, and therefore, we preserved these items. All
coauthors engaged in a series of discussions until a consensus
was reached on whether the items reflected the appropriate
concepts, as well as the overall comprehensiveness and
relevance of the scale. None of the objective criteria was adopted
in the process of reaching consensus.

The iOSDMH was developed for targeting 3 different groups
that are involved in the implementation process: users (ie,
patients), providers, and managers or policy makers. Providers
are people who have direct contact with users (eg, medical:
nurse; workplace: person in charge). Managers or policy makers
are people who have authority to decide on the implementation
of this program (eg, responsible person). These scales did not
restrict the study settings (eg, clinic workplace, and school).
For example, the implementation of workplace-based
interventions may involve workers (users), human resource staff
(providers), and company owners (policy makers). Moreover,
these scales aimed to evaluate the implementation aspects related
to users, providers, and managers after the users completed or
at least partially received the internet-based intervention. Most
items were developed assuming that the users had prior
experience in receiving the internet-based intervention. The
process of developing the iOSDMH is shown in Figure 1.
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Figure 1. Development process of the implementation outcome scales for digital mental health.

Internet-Based Survey
Participants were recruited on an internet-based crowd working
system (CrowdWorks, Inc), which has more than 2 million
registered workers. The criterion for eligibility was to be over
20 years old. Participants were required to learn from the
self-help information website UTSMeD [25], a digital mental
health intervention. The UTSMeD website was developed to
help Japanese general workers cope with stress and depression.
It contains self-learning psychoeducational information on
mental health (eg, stress management). This web-based
UTSMeD intervention has proven effective in reducing
depressive symptoms and improving work engagement among
Japanese workers in previous randomized controlled trials
[26,27]. In our study, participants were asked to explore the
UTSMed website for as long as they liked and take quizzes on
mental health. They answered the Japanese version of the
iOSDMH for users (14 items in 2 pages) after they received
acceptable scores (ie, 8 or more of 10 questions answered
correctly) in the quizzes. The participants received web-based
points as incentives for participation. As the current UTSMeD
is an open-access website and authors directly provided the
URL to participants, the study did not involve any providers,
managers, or policy makers. The psychometric assessment thus
was limited to users. Gender, age, marital status, education
attainment, income, work status, occupation type, and
employment contract constituted the demographic information.
The target sample size was determined as 10 times the number
of items needed to obtain reliable results (eg, 200 participants).
The survey was conducted through the internet-based crowd
working system. Completed answers were obtained without
missing variables.

Statistical Analysis
To assess the internal consistency of the Japanese iOSDMH,
Cronbach α coefficients were calculated for all scales and each
of the 4 subscales (acceptability, appropriateness, feasibility,
and harm). To assess structural validity, exploratory factor
analysis (EFA) was conducted because previous studies have
shown that acceptability and appropriateness are conceptually
similar [16,18]. EFA was conducted by excluding 1 item of
overall satisfaction, as the concept of satisfaction cannot be
applied to each of the 4 subscales. We extracted factors with
eigenvalues of more than 1, following the Kaiser–Guttman
“eigenvalues greater than one” criterion [28], using the
least-squares method with Promax rotation. Items with factor
loadings above 0.4 were retained [29].

Statistical significance was defined as P<.05. All statistical
analyses were performed using the Japanese version of SPSS
26.0 (IBM Corp).

Results

Development of iOSDMH
The final version of the iOSDMH for users contained 3 items
for acceptability based on Moore and Whittingham [21,22] and
4 items for appropriateness, 1 of which was based on Moore
[21]. The others were original; there were 6 items for feasibility,
5 of which were based on Moore and Hide [20,21], and 1 item
was original; we developed 5 original items for harm and 1 for
overall satisfaction. The iOSDMH states “Please read the
following statements and select ONE option that most describes
your opinion about the program.” The response to each item
was scored on a 4-point Likert-type scale ranging from 1
(disagree) to 4 (agree). The iOSDMH for providers and
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managers or policy makers has an option 5 (don’t know). Details
are provided in Multimedia Appendix 1.

The final version of the iOSDMH for providers contained 3
items for acceptability, 2 of which were based on Yetter [23],
and 1 item was original; 3 items for appropriateness, 2 of which
were based on Yetter [23], and 1 item was original; 3 items for
feasibility, 1 of which was original and 2 were based on Moore
[21] and Hides [20]; 1 original item for harm; and 1 for overall
satisfaction. For acceptability, Item 1 evaluated the providers’
perceived acceptance of the program for protecting the mental
health of its users, whereas Items 2 and 3 focused on their own
acceptability to implement the program in their workplace. For
appropriateness, Items 4 and 6 asked about the providers’
perceived appropriateness of the program for users, whereas
Item 5 asked about the appropriateness of the program
considering the situation of the providers. For feasibility, Item
7 evaluated the providers’perception of the program’s feasibility
for users, and Items 8 and 9 focused on the willingness of
providers to provide the program to users.

The final version of the iOSDMH for managers or policy makers
contained 4 items for acceptability, 3 of which were based on
Whittingham [22] and the other on Moore [21]; 4 items were
for appropriateness, 2 of which were based on Moore [21]; 1
item was based on Whittingham [22], and the other one was

original; there were 4 items for feasibility, 1 of which was based
on Moore [21] and the others were original; we had 1 original
item for harm and 1 item for overall satisfaction. Similar to the
iOSDMH for providers, each factor of the scale contained
questions on managers’perceptions on implementation in terms
of the conditions of users and providers, as well as the managers
themselves. For example, Items 1 and 2 asked about the
acceptability of the program for the institution, whereas Item 3
focused on managers’ perceived acceptability for providers,
and Item 4 evaluated managers’ perceived acceptability for
users. For appropriateness, Items 5 and 7 focused on the
appropriateness of the program for the institution, and Item 8
assessed the appropriateness of the program for users according
to managers’ perceptions. For feasibility, Items 9 and 10
examined the feasibility of the program for the institution as
perceived by managers or policy makers. Item 11 evaluated
managers’ perceived feasibility for providers, and Item 12
evaluated managers’ perception of feasibility for users.

Internet-Based Survey
We recruited 200 participants, whose characteristics are
presented in Table 1. Most were female (n=110, 55%), single
(n=100, 50%), had an undergraduate education (n=114, 57%),
and were employed (n=156, 78%). Their average age was 39.18
years (SD 9.81), with the minimum age being 20 years and the
maximum being 76 years.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e24332 | p.649https://formative.jmir.org/2021/11/e24332
(page number not for citation purposes)

Sasaki et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 1. Participant characteristics obtained from the internet-based survey (N=200).

n (%)Participant characteristics

Gender

90 (45)Male

110 (55)Female

Age, years

32 (16)20 to 29

78 (39)30 to 39

59 (29)40 to 49

30 (15)Over 50

1 (0.5)Not mentioned

Marital status

99 (49.5)Single

93 (46.5)Married

8 (4)Divorced/widowed

Education

2 (1)Junior high school

40 (20)High school

37 (18.5)College/vocational school

114 (57)Undergraduate

7 (3.5)Postgraduate

Individual income

31 (15.5)No income

69 (34.5)<2 million yen

48 (24)2 to 4 million yen

34 (17)4 to 6 million yen

13 (6.5)6 to 8 million yen

5 (2.5)8 to 10 million yen

Work status

155 (77.5)Employed

45 (22.5)Unemployed

Occupation type

8 (4)Managers

31 (15.5)Specialists/technicians

37 (18.5)Office work

19 (9.5)Manual work

21 (10.5)Service/marketing

42 (21)Others

42 (21)Unemployed

Employment contract

69 (34.5)Full-time

16 (8)Contract worker

6 (3)Temporary worker

28 (14)Part-time
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n (%)Participant characteristics

32 (16)Self-employed

6 (3)Others

43 (21.5)Unemployed

Internal Consistency
Table 2 shows the mean scores of the iOSDMH for users and
Cronbach α values. The mean of the total score of the iOSDMH

was 51.73 (range 19-76). The Cronbach α values were slightly
below the threshold (α>.7) for acceptability (α=.665), but well
above the threshold for appropriateness (α=.776), feasibility
(α=.832), and harm (α=.777).

Table 2. Average, SD, and reliability among the Japanese population for the iOSDMH and their subscales (N=200).

Cronbach αMean (SD)iOSDMHa subscales (number of items; possible range)

.68551.73 (5.1)Total (19 items; 19-76)

.6658.62 (2.43)Acceptability (3 items; 3-12)

.77611.76 (4.21)Appropriateness (4 items; 4-16)

.83218.84 (7.94)Feasibility (6 items; 6-24)

.7779.47 (8.64)Harm (5 items; 5-20)

N/Ab3.06 (0.58)Satisfaction (1 item; 1-4)

aiOSDMH: implementation outcome scales for digital mental health.
bNot available.

Factor Structure of iOSDMH
The EFA results are shown in Table 3. EFA conducted according
to the Kaiser–Guttman criterion yielded 3 factors. The first

factors were acceptability and appropriateness. The second was
feasibility, and the third was harm. All items showed factor
loadings above 0.4, so we kept them intact.
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Table 3. Exploratory factor analysis without assuming the number of factors by using least-squares method with Promax rotationa.

Factor loading scoreConceptShort description of the itemItem number

321

–0.063–0.1920.813AppropriatenessSuitable for my social conditions6

0.089–0.0760.757AppropriatenessApplicable to my health status5

–0.130–0.0900.696AppropriatenessFits my living condition7

–0.0110.1740.695AcceptabilityAcceptable for me3

–0.037–0.0170.532AcceptabilityImproves my social image2

0.0670.0190.481AcceptabilityAdvantages outweigh the disadvantages for keeping my mental
health

1

0.0740.3250.463AppropriatenessAppropriate (from your perspective, it is the right thing to do)4

0.110.922–0.135FeasibilityTotal length is implementable10

–0.0390.839–0.113FeasibilityLength of one content is implementable11

–0.0390.5750.073FeasibilityFrequency is implementable12

–0.0090.5590.163FeasibilityEasy to understand13

–0.240.518–0.062FeasibilityPhysical effort9b

0.1240.4920.372FeasibilityEasy to use8

0.723–0.086–0.075HarmTime-consuming18

0.657–0.154–0.009HarmMental symptoms16

0.6100.2270.051HarmInduced dangerous experience regarding safety17

0.592–0.2350.086HarmPhysical symptoms15

0.562–0.019–0.077HarmExcessive pressure on learning regularly19

aItalicized values are significant.
bUsed a reversed score.

Discussion

Principal Findings
This study developed implementation outcome scales for digital
mental health based on existing literature and reviews by experts
on web-based psychotherapy and implementation science. Our
measurements included 3 key constructs of the implementation
outcomes (acceptability, appropriateness, and feasibility) from
previous studies and additional constructs on harm and
satisfaction considered necessary in the implementation process.
Implementation researchers and mental health experts agreed
that each instrument of the implementation measures reflected
the correct concepts.

This study created implementation outcomes for people involved
in the implementation process: users, providers, and managers
or policy makers. According to the World Health Organization’s
implementation research guide, knowledge exchange or
collaborative problem-solving should occur among stakeholders
such as providers, managers or policy makers, and researchers
[8]. A past study indicated that policy makers and primary
stakeholders had decision frameworks that would produce
different implementation outcomes [30]. Previous
implementation outcome research targeted 1 or 2 groups of
users, providers, and managers or policy makers. However, to
our knowledge, few studies have resulted in outcome scales for

different levels of stakeholders [19]. We believed that outcome
measures should be adjusted for stakeholders, as decision
frameworks may differ among them. For example, users of the
program judge its appropriateness by considering whether it is
suitable for their situations. Nevertheless, providers may find
the program suitable for the circumstances of their users and
for themselves. Managers or policy makers will care if the
program is suitable for themselves and for users and providers.
Another example is that although the length or frequency of the
program may be important for feasibility among users, the cost
or institutional resources may be important in assessing
feasibility among managers or policy makers.

Psychometric assessment of the implementation outcomes
showed good internal consistency for appropriateness,
feasibility, and harm. Internal consistency for acceptability was
lower than that for other constructs (α=.665), possibly because
the construct for acceptability consisted of only 3 items. The
EFA model suggested a 3-factor solution. The first factors were
acceptability and appropriateness. Correlations between these
2 concepts were high. Our finding was consistent with previous
studies in that acceptability and appropriateness were
conceptually close [16,18]. For instance, it has been reported
that perceived acceptability of treatment is shaped by factors
such as appropriateness, suitability, convenience, and
effectiveness [31,32]. However, other scholars agree that
acceptability should be distinguished from appropriateness.
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Proctor et al stated that an individual (ie, end user) may think
that an intervention that seems appropriate may not always be
acceptable and vice versa [16]. Similarly, previous research on
alcohol screening in emergency departments revealed that nurses
and physicians found alcohol screening to be acceptable but not
appropriate because the process was time-consuming, the
patients might object to it, and the nurses had not received
sufficient training [33,34]. Therefore, it is essential to distinguish
acceptability from appropriateness in such a situation because
it helps focus on the appropriate concept during implementation.
Therefore, we decided to maintain the 4-factor questionnaire
comprising acceptability, appropriateness, feasibility, and harm.

The strength of this study was that we selected the concepts that
seemed relevant to implementation research based on literature,
modified them for electronic mental health settings, and
improved the contents based on discussions with expert panels.
Moreover, this study developed each questionnaire for users,
providers, and managers or policy makers, all having an essential
role in the implementation [8]. Evaluating the implementation
outcomes of different stakeholders will clarify different
perceptions of the intervention program, possibly leading to
active knowledge exchange among users, providers, and
consumers. Although our outcome measures need further
evaluation, our study contributes to implementation research in
digital mental health.

We acknowledge the following limitations of our study. First,
it was vulnerable to selection bias. As we recruited participants
via the internet for the psychometric validation study, they might
not be representative of the general population in Japan. It is
possible that the participants were more familiar with web-based
programs, and they may have had a better understanding of
digital mental health programs. In addition, this study conducted
psychometric assessment for the outcome scales for users only
because the intervention setting in which interested individuals
enrolled themselves in the program did not involve any providers

or managers. In a study setting involving providers and
managers or policy makers, the iOSDMH for providers and
managers or policy makers will be needed to evaluate
implementation outcomes. We plan to evaluate the iOSDMH
for providers and managers or policy makers in our future
intervention study (UMIN-CTR: ID UMIN 000036864). Another
limitation is that criterion-related validity was not evaluated in
the current psychometric assessment. The development process
of the items may not be regarded as a theoretical approach.
Future studies should evaluate criterion-related validity using
other measures related to implementation concepts, such as the
system usability scale or participation status of web-based
programs. This study validated the Japanese version of the
iOSDMH for users. Additional studies are needed for validating
the English version. In future studies, we plan to apply these
outcome measures in several web-based intervention trials to
assess whether these implementation outcomes will predict the
completion rate and participant attitude using digital access log
information [35]. Although we tried to include multiple
researchers in the digital mental health and implementation
science domains from different countries, the iOSDMH scales
would become more robust with a larger and more diverse
review team. Finally, the setting in which we conducted the
survey was an occupational setting (ie, for workers). Future
studies should evaluate the scales in other settings (eg, clinical,
school).

Conclusions
We developed implementation outcome scales for digital mental
health interventions to assess the perceived outcomes for users,
providers, and managers or policy makers. Psychometric
assessment of the outcome scale for users showed acceptable
reliability and validity. Future studies should apply the newly
developed measures to assess the implementation status of the
digital mental health program among different stakeholders and
enhance collaborative problem-solving.
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Abstract

Background: Questionnaires are necessary tools for assessing symptoms of disorders of the brain-gut interaction in clinical
trials. We previously reported on the excellent adherence to a smartphone app used as symptom diary in a randomized clinical
trial on irritable bowel syndrome (IBS). Other sampling methods, such as the experience sampling method (ESM), are better
equipped to measure symptom variability over time and provide useful information regarding possible symptom triggers, and
they are free of ecological and recall bias. The high frequency of measurements, however, could limit the feasibility of ESM in
clinical trials.

Objective: This study aimed to compare the adherence rates of a smartphone-based end-of-day diary and ESM for symptom
assessment in IBS and functional dyspepsia (FD).

Methods: Data from 4 separate studies were included. Patients with IBS participated in a randomized controlled trial, which
involved a smartphone end-of-day diary for a 2+8-week (pretreatment + treatment) period, and an observational study in which
patients completed ESM assessments using a smartphone app for 1 week. Patients with FD participated in a randomized controlled
trial, which involved a smartphone end-of-day diary for a 2+12-week (pretreatment + treatment) period, and an observational
study in which patients completed ESM assessments using a smartphone app for 1 week. Adherence rates were compared between
these 2 symptom sampling methods.

Results: In total, 25 patients with IBS and 15 patients with FD were included. Overall adherence rates for the end-of-day diaries
were significantly higher than those for ESM (IBS: 92.7% vs 69.8%, FD: 90.1% vs 61.4%, respectively).

Conclusions: This study demonstrates excellent adherence rates for smartphone app–based end-of-day diaries as used in 2
separate clinical trials. Overall adherence rates for ESM were significantly lower, rendering it more suitable for intermittent
sampling periods rather than continuous sampling during longer clinical trials.

(JMIR Form Res 2021;5(11):e31678)   doi:10.2196/31678

KEYWORDS

irritable bowel syndrome; functional dyspepsia; digital diary; experience sampling method; smartphone app; mobile phone
application; mHealth; eHealth; compliance; patient-reported outcome measures
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Introduction

Disorders of brain-gut interaction (DBGI) are highly prevalent
disorders, with a recent multinational survey study indicating
that over 40% of the world’s population has at least 1 DBGI
[1]. Among the most common DBGI are irritable bowel
syndrome (IBS) and functional dyspepsia (FD), which are
characterized by lower and upper gastrointestinal symptoms,
respectively, including abdominal pain, fullness, bloating,
constipation, and diarrhea. Per definition, the diagnosis of these
disorders is symptom-based, according to the Rome IV criteria
[2]. By extension, the evaluation of treatment responses in
clinical trials on DBGI relies completely on patient-reported
outcome measures (PROMs). It is therefore of utmost
importance that clinical trials use symptom sampling methods
that are able to produce an accurate representation of the
symptomatology as experienced by the patient. As such, paper
symptom diaries have been scrutinized as they are prone to fake
adherence, as subjects can fake or backfill written answers
outside of the proposed time window to forge good adherence
[3]. Thereby, the use of paper retrospective diaries introduces
ecological and recall bias.

End-of-day symptom diaries are currently recommended by
drug regulatory authorities to assess treatment response in IBS
[4,5]. The widespread dissemination of the smartphone during
the previous 2 decades creates possibilities for developing more
advanced symptom sampling methods. We recently reported a
digital end-of-day symptom diary using a smartphone app in a
randomized controlled trial (RCT) on IBS [6]. We observed a
very high adherence of almost 88% for the diary smartphone
app during a treatment period of 8 weeks. End-of-day diaries
in any form, however, are not free of the abovementioned
ecological and recall biases owing to their retrospective nature.
These limitations are currently best overcome by the experience
sampling method (ESM), which employs random and repeated
assessments at multiple time points across momentary states in
daily life and thereby provides a detailed overview of symptoms
experienced during the day. Previously developed ESM
instruments for FD and IBS use a measurement frequency of
10 times a day [7,8]. It should be noted that the high frequency
of this sampling method might raise concerns regarding
adherence during clinical trials with a duration of several weeks
or longer. In our previous IBS trial using the end-of-day diary,

adherence declined over time. Logging fatigue is considered
the underlying cause of this decline in adherence. It could be
hypothesized that this mechanism impairs adherence even more
in methods with a higher sampling frequency, such as ESM.
Hence, although ESM proved to be the method with more
accurate real-life representation of daily symptoms, its feasibility
in longer-duration clinical trials is still unknown. To draw
conclusions regarding this question, a better understanding of
ESM adherence and decline thereof is required.

In this exploratory study, we sought to compare adherence for
end-of-day diaries used in 2 RCTs with adherence for ESM in
2 separate observational studies. We hypothesized that overall
adherence would be superior with the use of the end-of-day
diary, as compared to ESM. Moreover, we hypothesized that
adherence would remain more stable over time for the
end-of-day diary than for ESM.

Methods

Methods Overview
This study is based on data from 2 RCTs and 2 observational
studies. For each study type, 1 study focused on IBS and 1 on
FD. The RCTs used end-of-day diaries, whereas the
observational studies used momentary assessments (ESM). The
Rome IV criteria were used as inclusion criteria in each study
in accordance with the disorder being investigated. All 4 studies
had been approved by the Maastricht University Medical
Center+ (MUMC+) ethics committee. All study procedures
were performed in compliance with Good Clinical Practice
Guidelines and in accordance with the revised Declaration of
Helsinki. All subjects gave written informed consent prior to
participation.

Although including data from multiple studies, all patients
included in this study were required to have participated in both
an RCT and an observational study (on the same disorder) to
reduce variability across individuals. All patients thereby
completed both end-of-day diaries during a longer period of
time and ESM for a period of 1 week (not simultaneously).
Details on each study are provided below, and an overview of
sampling characteristics is presented in Table 1. The exact
queries in each sampling method are provided in Multimedia
Appendix 1.
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Table 1. Overview of sampling specifics per study.

Observational study on func-
tional dyspepsia

Randomized controlled trial
on functional dyspepsia

Observational study on irrita-
ble bowel syndrome

Randomized controlled trial
on irritable bowel syndrome

Sampling specifics

Combined digital end-of-day
diary and experience sampling
method (smartphone app)

Digital end-of-day diary
(smartphone app)

End-of-day paper diary and
digital experience sampling

method (smartphone app)a

Digital end-of-day diary
(smartphone app)

Sampling method

1 week2 weeks pretreatment plus
12 weeks treatment

1 week2 weeks pretreatment + 8
weeks treatment

Sampling duration

10 times per dayOnce a day10 times per dayOnce a daySampling frequency

Between 7 AM and 10 PMBetween 7 PM and 12 PMBetween 7 AM and 10 PMBetween 6 PM and 12 PMSampling timeframe

Randomly timedOnce at 9 PMRandomly timedOnce at 10 PMPush notifications

33 (4 domains)7c32 (5 domains)3bItems, n

2-3 minutes (per assessment)15-30 seconds2-3 minutes (per assessment)15-30 secondsEstimated time invest-
ment

aNote that the end-of-day diaries are similar to the ones used in the corresponding randomized controlled trial. In the observational study, however,
end-of-day diaries were completed on paper.
bIn addition to items in the Bristol stool chart and adverse event and sporadic medication use queries.
cIn addition to adverse event and sporadic medication use queries.

RCTs Using End-of-Day Diaries
The RCT on IBS has been discussed in detail elsewhere [9]. In
brief, the primary aim was to investigate the efficacy of
peppermint oil, a conventional small-intestinal and a novel
ileocolonic release formulation, in patients with IBS
(ClinicalTrials.gov, NCT02716285). In this randomized,
placebo-controlled trial, patients with IBS aged 18-75 years
were included. Patients completed an end-of-day diary using a
smartphone app during a pretreatment period (2 weeks) and
treatment period (8 weeks), as described previously [6]. At the
core, this diary consisted of 1 question regarding abdominal
pain experienced each day (to be scored on an 11-point
numerical scale). After completing the abdominal pain question,
subjects were asked about adverse events and sporadic
medication use. During the day, patients had the option to report
on defecation in accordance with the Bristol stool chart [10].
Patients were instructed to register abdominal pain daily between
6 PM and 12 PM. Finally, psychological comorbidities were
assessed at baseline using the General Anxiety Disorder, 7-item
(GAD-7) scale and Patient Health Questionnaire, 9-item
(PHQ-9).

The second RCT is an ongoing trial that investigates the efficacy
of nortriptyline in patients with FD (ClinicalTrials.gov,
NCT03652571). In this randomized, placebo-controlled trial,
patients with FD aged 18-65 years were included. Patients
completed an end-of-day diary using a smartphone app during
a pretreatment period (2 weeks) and treatment period (12
weeks); the app was similar to the one used in the RCT on IBS.
In the RCT on FD, however, the diary consisted of questions
corresponding to the five core symptoms of FD: epigastric pain,
epigastric burning, early satiety, postprandial fullness, and upper
abdominal bloating [11]. In addition to these 5 questions,
subjects were asked about adverse events and sporadic
medication use. Patients are instructed to register symptoms
daily between 7 PM and 12 PM. There was no registration of
bowel movements in this trial, as an altered bowel habit is not

a core symptom in FD. Finally, psychological comorbidities
were assessed at baseline using the GAD-7 scale and PHQ-9.

Observational Studies Using ESM
ESM data from patients with IBS were obtained from a
validation study of a newly developed patient-reported outcome
measure (based on the ESM) for the use in IBS
(ClinicalTrials.gov, NCT02880722) [8]. Patients with IBS and
healthy volunteers between 18 and 70 years of age were included
in this study. Both groups completed an end-of-day paper diary
and ESM for a period of 1 week. The ESM was incorporated
in a customized smartphone app. The ESM consisted of 10
assessments randomly timed between 7:30 AM and 10:30 PM.
Each assessment was preluded by an auditory signal, and the
app was programmed to enable completion of the assessment
within 10 minutes after the auditory signal. Subjects were
instructed to complete as many assessments as possible, but to
pass over questionnaires when completing was not feasible (eg,
when driving). Assessments covered five different domains, as
described previously [8]: physical status (eg, abdominal pain),
defecation (since the previous auditory signal), psychological
factors (eg, positive and negative affect), environment (eg,
current location and company), and nutrition and drug use. In
total, the ESM for use in IBS consisted of 32 items (per
assessment).

ESM data from patients with FD were obtained from a separate
validation study of a newly developed patient-reported outcome
measure (based on the ESM) for the use in FD
(ClinicalTrials.gov, NCT04204421) [12]. Patients with FD and
healthy volunteers between 18 and 75 years of age were included
in this study. Both groups completed an end-of-day diary and
ESM for a period of 1 week. The diary and ESM were
incorporated in the same customized smartphone app. ESM was
used in a manner similar to the IBS ESM study, with 10
assessments randomly timed between 7 AM and 10 PM.
Assessments in the FD ESM study covered 4 domains, which
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included the same as those in the IBS ESM study [7]. In total,
the ESM for use in FD consisted of 33 items (per assessment).

Statistical Analyses and Data Plots
Adherence was the primary outcome measure. For both the
end-of-day diaries and ESM, overall adherence was calculated
as the percentage of completed assessments throughout the
study. For visualizing adherence over time, weekly adherence
rates were plotted for the clinical trials (end-of-day diaries) and
daily adherence rates for the observational studies (ESM). In
addition, for ESM we also calculated overall adherence as the
number of days on which ≥6 of the 10 assessments were
completed, as described previously [8,13]. The latter can be
considered more appropriate when evaluating adherence of
sampling methods such as ESM, where an excess of
measurements is provided to obtain sufficient data during the
day [13,14].

All data were plotted using MATLAB R2018a. Linear mixed
models were performed using the lme4 function in R Statistical
Software (version 3.6.3, February 29, 2020) [15]. In each model
(per study), adherence to the app constituted the dependent
variable and time constituted the within-subject independent
variable. A restricted maximum likelihood estimation method
and first-order autoregressive variance-covariance matrix for
the within-subject variable time fitted the data best on the basis
of the lowest value of the Akaike information criterion.

Given the exploratory nature of the study, we did not perform
sample size calculations.

Results

In total, 25 patients with IBS and 15 patients with FD were
included in our analysis for adherence comparison. An overview

of subject characteristics is provided in Table 2. Both patients
with IBS and those with FD were more frequently female
(72.0% and 73.3%, respectively). For patients with FD, the time
between participation in the 2 studies was significantly longer
than that for patients with IBS (12.5 vs 7.6 months, respectively;
t26.12=4.30; P<.001). All subjects in the IBS and FD studies
participated in the ESM observational study after participating
in the RCT.

Adherence rates for the end-of-day diary in the IBS RCT during
the pretreatment period, treatment period, and total study
duration (both periods combined) were 93.4%, 92.6%, and
92.7%, respectively. Overall adherence—ie, the percentage of
total completed assessments—for ESM during the observational
IBS study was 69.8%.

Adherence rates for the end-of-day diary in the FD RCT during
the pretreatment period, treatment period, and total study
duration were 92.9%, 89.7%, and 90.1%, respectively. Overall
adherence for ESM during the observational FD study was
61.4%.

Of note, for trials using the ESM method, completion of ≥6 of
the 10 questionnaires per day is considered as being adherent,
as described previously [8,13]. This type of adherence
calculation can be considered more representative for sampling
methods such as ESM. When using this approach, overall
adherence was 79.4% and 64.8% for the ESM IBS and ESM
FD studies, respectively. Adherence in the latter was noticeably
lower owing to the effect of 4 outliers (adherence<15%) in this
relatively small group. Three of 4 subjects reported a specific
reason for low adherence, which included (1) a technical error
(subject did not receive push notifications on his/her
smartphone), (2) attending the funeral of a close relative, and
(3) not being able to complete most assessments during day job.
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Table 2. Summary of patient demographic and baseline characteristics.

Observational study on
functional dyspepsia

Randomized controlled
trial on functional dyspep-
sia

Observational study on irri-
table bowel syndrome

Randomized controlled
trial on irritable bowel
syndrome

Characteristics

1525Subjects, n

12.5 (3.6); 7-187.6 (3.1); 1-17Time between study participations
(months), mean (SD); range

41.4 (15.2); 18-6435.9 (12.8); 22-59Agea (years), mean (SD); range

11 (73.3)18 (72.0)Females, n (%)

Educational level, n (%)

00No education

1 (6.7%)2 (8.0%)Low

5 (33.3%)12 (48.0%)Moderate

9 (60.0%)11 (44.0%)High

Irritable bowel syndrome or function-
al dyspepsia subtype, n (%)

•• Postprandial distress: 5 (33.3)Diarrhea: 14 (56.0)
• •Constipation: 3 (12.0) Epigastric pain: 4 (26.7)

•• Overlap: 6 (40.0)Mixed: 4 (16.0)
• Undefined: 4 (16.0)

Irritable bowel syndrome or functional dyspepsia severityb

83.2 (22.8)228.8 (24.5)Mean score (SD)

—c7 (28.0)Mild, n (%)

—13 (52.0)Moderate, n (%)

—5 (20.0)Severe, n (%)

Psychological comorbiditiesd

Anxiety

3.3 (2.8)4.2 (2.9)Score, mean (SD)

12 (80.0)14 (56.0)Minimal, n (%)

2 (13.3)9 (36.0)Mild, n (%)

1 (6.7)2 (8.0)Moderate, n (%)

Depression

4.9 (4.2)5.0 (2.7)Score, mean (SD)

8 (53.3)14 (56.0)Minimal, n (%)

6 (40)10 (40.0)Mild, n (%)

1 (6.7)1 (4.0)Moderate, n (%)

aAge upon registering for the first study.
bFor irritable bowel syndrome symptom severity, the Irritable Bowel Syndrome Severity Scoring System (IBS-SSS) was used. Scores were defined as
follows: <175, mild; 175-300, moderate; and >300, severe. For functional dyspepsia symptom severity, the Nepean Dyspepsia Index (NDI symptom
scale) was used (continuous scale only, no validated severity categories).
c—: not determined.
dFor anxiety, the General Anxiety Disorder scale, 7-item, was used, and for depression, the Patient Health Questionnaire, 9-item, was used. Scores were
defined as follows: ≥5, mild; ≥10, moderate; and ≥15, severe.

Weekly adherence to the end-of-day diaries and daily adherence
to the ESM app are shown in Figure 1. Linear mixed models
did not demonstrate a significant decline in adherence over time
in either RCT (main effect of time; IBS RCT: F1,224=2.24;
P=.14; FD RCT: F1,194=0.87; P=.77). A minor decline in
adherence over time can be observed in the lower panels
corresponding to the ESM studies, which was not significant

(linear mixed models, main effect of time; ESM IBS study:
F1,149=3.41; P=.07; ESM FD study: F1,89=1.23; P=.27).

Cumulative completed assessments are plotted against the total
number of assessments for each study and each subject in
Figures 2-5. Single subject plots can be compared as subplot
positions in the figures correspond to the same subject.
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Figure 1. Adherence to each symptom assessment app. For end-of-day diaries, the weekly adherence is shown (ie, percentage of completed assessments
for each week). For the experience sampling method, the daily adherence is shown (ie, percentage of completed assessments for each day [out of 10
measurements]). ESM: experience sampling method, FD: functional dyspepsia, IBS: irritable bowel syndrome.
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Figure 2. Cumulative completed diary assessments in the randomized controlled trial on irritable bowel syndrome. The red line indicates maximum
number of assessments, and the blue line indicates actual number of completed assessments. Note that subplot positions in this figure correspond to the
same subject in Figure 3. X-axis: assessment number, Y-axis: completed assessments.
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Figure 3. Cumulative completed experience sampling method assessments in the observational study on irritable bowel syndrome. The red line indicates
maximum number of assessments, and the blue line indicates actual number of completed assessments. Note that subplot positions in this figure
correspond to the same subject in Figure 2. X-axis: assessment number, Y-axis: completed assessments.
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Figure 4. Cumulative completed diary assessments in the randomized controlled trial on functional dyspepsia. The red line indicates maximum number
of assessments, and the blue line indicates actual number of completed assessments. Note that subplot positions in this figure correspond to the same
subject in Figure 5. X-axis: assessment number, Y-axis: completed assessments.
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Figure 5. Cumulative completed experience sampling method assessments in the observational study on functional dyspepsia. The red line indicates
maximum number of assessments, and the blue line indicates actual number of completed assessments. Note that subplot positions in this figure
correspond to the same subject in Figure 4. X-axis: assessment number, Y-axis: completed assessments.

Discussion

Principal Findings
In this study, we explored adherence rates for smartphone apps
used for symptom assessment in IBS and FD. In line with our
previous findings in a large RCT on IBS [6], we found an
excellent overall adherence of 90% for a digital end-of-day
diary in an ongoing trial with patients with FD. Given that these
diaries only enable the logging of symptoms experienced during
the day that the diary is being filled in, fake adherence (ie,
backfilling) is completely prevented. Indeed, the FDA
recommends daily symptom assessment in IBS trials, which is

best facilitated by the digital (smartphone) framework presented
here [4]. The high overall adherence rates as observed in the
FD and in the IBS RCTs confirm the feasibility of these digital
diaries in clinical trials. Importantly, the RCT in FD involves
5 diary questions as opposed to a single question in the diary
used in the IBS RCT. In addition, the FD RCT is 4 weeks longer
in duration than the IBS RCT. It is encouraging that regardless
of the added burden, adherence for the end-of-day diary in the
FD RCT is still excellent.

In our previous IBS RCT where we included 189 patients, we
reported a small but significant decrease in adherence for the
completion of daily diaries over the study duration. Such a
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decrease in adherence can be referred to as logging fatigue. In
the current study, we found no evidence of logging fatigue in
the subset of the IBS RCT or in the FD RCT. We hypothesized
that with more frequent assessments, such as with ESM, logging
fatigue could become an increasing issue. Interestingly, in the
current study, we found no significant decline in adherence rates
over time in both ESM studies. However, since both studies
were of relatively short duration (7 days), we cannot draw any
conclusions on possible declining adherence rates over time
when ESM is used for longer periods.

Overall adherence rates for the ESM studies were evidently
lower than the end-of-day diary adherence rates, though in line
with rates reported in previous studies [13,16]. Even when
considering that it is generally not feasible to complete all ESM
assessments and calculating ESM adherence as the number of
days that ≥6 of the 10 assessments are completed, ESM
adherence rates were still noticeably lower. To a large extent,
this will likely be related to the nature of measurements. For
the end-of-day diaries, subjects can choose a suitable moment
between 6 PM (or 7 PM) and 12PM, and can do so each day as
per their own schedule. For ESM, on the other hand,
measurements are by their very definition timed at random
moments and should be completed within 10 minutes after the
assessment was announced. ESM is, therefore, likely to involve
measurements at times when the subject is not able to complete
the symptom assessment, especially as there will always be
measurements within working hours. Furthermore, it is easy to
miss a haptic or auditory signal on your cellphone. Moreover,
the ESM assessments were far more extensive than the
end-of-day diaries as they involved multiple domains; for
example, physical, psychological, environmental, and nutritional
domains. Indeed, it was demonstrated in a systematic review
of studies including electronic diaries of various lengths that
the extent of the diary used was negatively associated with
adherence [16]. The large difference in overall adherence rates
between ESM and end-of-day diaries may reflect on the higher
burden of ESM. Therefore, we think that it is not feasible to use
ESM continuously during a trial of several weeks, especially
because adherence already tends to be lower in studies of longer
duration [17]. A solution could be to use ESM intermittently
(eg, 1 week in every 4 weeks), complementing the end-of-day
diary. Thus, the end-of-day diary provides a strong continuous
measurement framework, where ESM can be used at fixed
periods to examine changes in symptom variability and symptom
triggers over time (ie, during treatment), in addition to analyzing
the complexity of factors contributing to symptom perception.
However, the responsiveness (ie, the sensitivity to detect change
over time) of ESM has not yet been evaluated.

Finally, one should appreciate the differences in acquired data
when using ESM or the end-of-day diary. As already mentioned
above, ESM provides more detailed information on symptoms
and their possible triggers. Our preference for the end-of-day
diary as a continuous measurement framework primarily relates
to clinical trials, as this is also in accordance with current
recommendations from regulatory authorities. It is possible that
in some situations the more detailed data outweighs the
drawback of the higher number of missing values. This could
especially be the case in clinical practice of functional disorders,
where additional information on symptom triggers is extremely
valuable.

Limitations
A limitation of the current study is the small size of the study
population. This is mitigated by the within-subject nature of the
study, as the obligatory participation in both an end-of-day diary
and ESM study limits subject specific effects on adherence,
aiding a better comparison of assessment methods. As mentioned
above, the possibility of selection bias cannot be excluded, as
subjects who are willing to participate in more than one study
could have a very strong motivation, which may translate to
unrepresentatively high adherence rates. On the other hand, the
overall adherence rate of our subset of subjects from the IBS
RCT was only a few percentage points higher than that of the
whole group, arguing against such selection bias. Finally, since
all subjects participated in the ESM studies after participation
in an RCT, a carry-over treatment effect could have affected
logging adherence. However, this would likely have influenced
adherence during the RCT itself as well, and we observed stable
adherence during both RCTs. Moreover, we previously observed
no effect of GI symptoms on adherence rates. The latter also
suggests that variation in duration between ESM and RCT
participation is less relevant.

Conclusions
In conclusion, we here demonstrate excellent adherence rates
for smartphone app–based end-of-day diaries as well as good
adherence to 2 ESM-based apps. Overall adherence rates for
ESM were evidently lower, as would be expected given the
nature of the methodology, but possibly also reflecting on the
larger burden of this sampling method given the higher number
of cues and questions to be answered. Even though we could
not demonstrate a decline in response rate with ESM over a
period of 7 days, it seems unfeasible to use ESM continuously
in clinical trials over several weeks. Given the added value of
ESM, however, researchers should consider complementing
end-of-day diaries with intermittent periods of ESM.
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Abstract

Background: Systematic reviews depend on time-consuming extraction of data from the PDFs of underlying studies. To date,
automation efforts have focused on extracting data from the text, and no approach has yet succeeded in fully automating ingestion
of quantitative evidence. However, the majority of relevant data is generally presented in tables, and the tabular structure is more
amenable to automated extraction than free text.

Objective: The purpose of this study was to classify the structure and format of descriptive statistics reported in tables in the
comparative medical literature.

Methods: We sampled 100 published randomized controlled trials from 2019 based on a search in PubMed; these results were
imported to the AutoLit platform. Studies were excluded if they were nonclinical, noncomparative, not in English, protocols, or
not available in full text. In AutoLit, tables reporting baseline or outcome data in all studies were characterized based on reporting
practices. Measurement context, meaning the structure in which the interventions of interest, patient arm breakdown, measurement
time points, and data element descriptions were presented, was classified based on the number of contextual pieces and metadata
reported. The statistic formats for reported metrics (specific instances of reporting of data elements) were then classified by
location and broken down into reporting strategies for continuous, dichotomous, and categorical metrics.

Results: We included 78 of 100 sampled studies, one of which (1.3%) did not report data elements in tables. The remaining 77
studies reported baseline and outcome data in 174 tables, and 96% (69/72) of these tables broke down reporting by patient arms.
Fifteen structures were found for the reporting of measurement context, which were broadly grouped into: 1×1 contexts, where
two pieces of context are reported in total (eg, arms in columns, data elements in rows); 2×1 contexts, where two pieces of context
are given on row headers (eg, time points in columns, arms nested in data elements on rows); and 1×2 contexts, where two pieces
of context are given on column headers. The 1×1 contexts were present in 57% of tables (99/174), compared to 20% (34/174)
for 2×1 contexts and 15% (26/174) for 1×2 contexts; the remaining 8% (15/174) used unique/other stratification methods. Statistic
formats were reported in the headers or descriptions of 84% (65/74) of studies.

Conclusions: In this cross-sectional pilot review, we found a high density of information in tables, but with major heterogeneity
in presentation of measurement context. The highest-density studies reported both baseline and outcome measures in tables, with
arm-level breakout, intervention labels, and arm sizes present, and reported both the statistic formats and units. The measurement
context formats presented here, broadly classified into three classes that cover 92% (71/78) of studies, form a basis for understanding
the frequency of different reporting styles, supporting automated detection of the data format for extraction of metrics.

(JMIR Form Res 2021;5(11):e33124)   doi:10.2196/33124

KEYWORDS

table structure; systematic review; automated data extraction; data reporting conventions; clinical comparative data; data elements;
statistic formats
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Introduction

Extracting Data for a Systematic Review
Systematic reviews and meta-analyses of high-quality studies
are essential for clinical decision-making [1], guidelines [2],
and evidence-based adoption and approval of therapies [3].
Quantitative data extraction is an essential task in the systematic
review/meta-analysis process, during which researchers gather
patient characteristics, interventions, and outcomes of interest
in a common format to support summarization and statistical
analysis. The current practice for data extraction is manual
review of published manuscripts of studies, with subsequent
manual entry of data into a spreadsheet or review software [4].
The manual, work-intensive nature of this task contributes to
the high cost in time and money of reviewing the clinical
literature.

The time investment and costs of systematic
reviews/meta-analyses—which can reach 16 months and US
$141,000 [5] in labor to complete a single review—are the major
limiting factors in the synthesis of scientific evidence. The task
of data extraction from published comparative studies typically
demands 20% of the total review and analysis time, and is
subject to high accuracy standards [6,7]. This has led to calls
for both improved software systems for systematic
reviews/meta-analyses and automation of the data extraction
process. However, according to a systematic review of
systematic review/meta-analysis extraction automation projects,
“no unified information extraction framework [has been] tailored
to the systematic review process…[automation] techniques have
not been fully utilized to fully or even partially automate the
data extraction step of systematic review” [8].

Systematic Review Workflow Software Platforms
Despite the fact that automated data extraction for systematic
reviews/meta-analyses has yet to be achieved, several web-based
software options currently support part or all of the workflow
of a review [9], establishing a systematic approach on which
automated data extraction can be modeled. We previously
developed a workflow software platform (AutoLit, Nested
Knowledge, MN) [10] for performing and presenting systematic
reviews and meta-analyses. The data extraction functions of
AutoLit are user-driven and focused on extracting descriptive
statistics. After articles are retrieved and screened, users read
the PDFs of study content and feed extracted data directly into
a database, which is used to produce a “living” summary and
obtain interpretive statistical outputs. This platform has provided
a basis for experimentation with the streamlining of data
extraction, the end goal of which is automated identification,
parsing, and abstraction of summary statistics reported in
medical manuscripts.

Automated Data Extraction Efforts
To begin to solve the problem of automated data extraction, it
is first essential to understand the format in which input data is
available. PDF manuscripts are the de facto publication medium.
Within these manuscripts, the key data regarding the patient
population/characteristics, interventions of interest, and
outcomes are presented in both the text and data tables. Notably,

the majority of previous extraction efforts have focused on
textual extraction [8], despite the varied presentation styles and
unstructured nature of both contextual information and the data
themselves.

Targeting Extraction from Tables
We hypothesized that data tables, as opposed to free text,
represent an ideal target for automated extraction based on the
following traits: (1) data in tables are densely concentrated; (2)
tables are delimited and typically include structure and a
standardized set of contexts not found in free text; (3) tables
often report statistics not mentioned in the free text (eg,
secondary outcomes); and tables consistently report data with
higher precision and full information (eg, dispersion measures
and sample sizes).

Existing Standards for Tabular Presentation
Journals and medical research bodies have published standards
related to how statistics and tables should be presented [11-13].
Common themes include presenting units for continuous data
elements, standardization of statistic formatting (eg, mean [SD]),
reporting interventions as full names or standardized
abbreviations, and reporting sample sizes used in an analysis.

Despite these guidelines, table formatting standards, both in
terms of style and content, vary between journals. This
heterogeneity has been noted previously, and a software tool
targeted toward authors [14], “tableone,” was created to enable
harmonized generation of statistical analyses and tables directly
from study results. However, tableone and similar tools are not
yet widely adopted to a sufficient extent to meaningfully
standardize reporting.

Classifying Tabular Reporting Practices
Given this context, automated tabular extraction depends on
understanding the variety of table structures—including the
types and frequencies of variation from common formats—in
medical manuscripts. A recent systematic review showed that
although 14 independent automation projects focused on full-text
extraction have been published [15], only one project focused
on extraction from tables [8]. Furthermore, although the results
of this project were promising, achieving high accuracy in
machine learning–based extraction, neither this nor any other
study to date has surveyed or classified the structure of tables
presented in the clinical literature. Therefore, in this study, we
focused on identifying the characteristics that are essential for
the automation of extraction of descriptive statistics in tables.
This can provide concrete structural characteristics to enable
assessment of the generalizability of tabular presentation formats
and support the future automation of extraction.

Methods

Sampling Published Comparative Clinical Studies
A cross-sectional sample of clinical study publication records
was generated. In brief, published studies tagged as randomized
controlled trials (RCTs), as indexed in PubMed, from 2019 were
searched using the following term: “randomized controlled trial”
[Publication Type] AND 2019/01/01:2020/01/01[dp]. Search
results were exported from PubMed on August 9, 2021, using
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the Entrez application programming interface [16]; imported
to the AutoLit platform; and search results were randomly
sampled by index, without replacement, using the R function
“sample” to select 100 records. Of these, all published articles
were included except those that met the following exclusion
criteria: not clinical, not comparative (ie, the publication does

not compare outcomes between patient groups), not in English,
protocol only, or no full text available.

Abstracting Tables
Within this sample, table attributes were identified, classified,
and summarized. The concepts for data extraction used are
summarized in Table 1.

Table 1. Defining tabular concepts.

ExampleDefinitionConcept

MortalityA characteristic or quality being measuredData element

2/59 (3.4%)A measured instance of a data element, a descriptive statisticMetric

Placebo groupA subset of an experiment’s participants that are assigned a specific interventionArm

6-month follow-upThe point(s) in time in an experiment when measurement of data elements is
performed

Time point

Mortality in the placebo group at 6 monthsThe combination of a data element, arm, and time point in experimental reportingMeasurement context

Data extraction necessarily has to address the attributes of
measurement context to discern the meaning of a given metric.
Thus, for each patient arm, the intervention and population size
must be identified, and for each data element, the unit of
measurement and time points must be extracted. Furthermore,
metrics must be parsed into their constituent statistics, including
(1) continuous metrics as the measure of central tendency and
the dispersion measure; (2) dichotomous metrics, namely the
subset, total population, and percentage (n/N, %); and (3)
categorical metrics, namely the subset and total population.

Tables and their descriptions typically contain at least partial
representations of metrics and their measurement contexts.
Context can be assigned to dimensions (rows and columns) of
the table. For example, Figure 1 displays a “2×1” context,
meaning that the rows of the table correspond to 2 nested pieces
of context (arms nested in data elements) and the columns
correspond to 1 piece of context (time points) [17]. For
comparison, Figure 2 displays a “1×1” context, wherein the
data elements are labeled on the rows (with corresponding
statistical formats) and arms are defined in the columns (time
points not presented) [18].
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Figure 1. Example of a 2x1 context with arms (blue) nested in data elements (red) on rows and time points (green) on the columns. Table from Chellappa
et al [17]. ANOVA: analysis of variance.

Figure 2. A 1x1 baseline table reporting data elements on rows and arms on columns. Arm sizes are embedded in intervention headers (red), category
labels are reported in the data element array indented (blue), and statistic formats are reported in headers (green). Table from Gauto Benitez et al [18].
HFNC: high flow nasal cannula.
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Table Classification

Classification System
Each included record underwent full text review and was tagged
in AutoLit based on the attributes of its (1) table structure, (2)
measurement context, and (3) metric information. All tables
within a published article were considered for classification via
the tagging hierarchy. Tags were assigned on a per-table basis

within each record such that the tags described the attributes of
its tables.

Table Structure Reporting
As defined in Table 2, table attributes covered the reporting of
baseline and outcome data and table orientation/pagination. If
a table did not report any descriptive statistics concerning patient
characteristics or outcomes, it was accordingly not tagged.

Table 2. Tagging hierarchy of table structural attributes.

Applied whenTags

Baseline or demographic characteristics of one or more study arms reported

The article reports baseline characteristics for the study population in a table, broken out by armIn table

The article reports baseline characteristics for the study population in a table, reported for each participantParticipant level

The article reports baseline characteristics for the entire study population in a table, with no breakoutNo arm-level breakout

Experimental outcomes reported

The article reports outcomes in a table, including the primary outcome(s), at one or more follow-up time
points

In table

The article reports outcomes in a table, including the primary outcome(s), at one or more follow-up time
points, reported for each participant

Participant level

The article reports outcomes in a table, but not all the primary outcomes of the study, instead focusing on
data points other than primary outcomes

Secondary only, in table

Other table features

One or more baseline or outcome tables in the article is rotated 90 degrees in either direction on the page
but is otherwise normal

Rotated 90 degrees

One or more baseline or outcome tables in the article overflows beyond its starting page but is otherwise
normal

Multipage

Measurement Context Reporting
Measurement context tags were applied for all tables for which
patient baseline characteristics or outcomes were reported.
Contextual information of interest included the pieces of context

per array (where an array represents either a row or column),
including data element headers, arm names and arm size
reporting, labeling of interventions, and labeling of time points
(Table 3).

JMIR Form Res 2021 | vol. 5 | iss. 11 |e33124 | p.674https://formative.jmir.org/2021/11/e33124
(page number not for citation purposes)

Holub et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 3. Tagging hierarchy of measurement context attributes.

Applied whenTags

Alignment of table dimensions and measurement contexta

Only two pieces of context are shown in the table dimensions: one on rows and one on columns (eg, data
elements on rows and arms columns)

1×1

Three pieces of context are shown in the table dimensions: two on rows and one on columns (eg, arms
nested in data elements on rows, time points on columns)

2×1

Three pieces of context are shown in the table dimensions: one on rows and two on columns1×2

Number of participants in individual arms of the study reported

Arm sizes are reported as part of the arm or intervention label (eg, “Placebo [n=25]”)Embedded in arm

Arm sizes are reported in a distinct column or row in the tableSeparate array

Header labels corresponding to the intervention(s) applied in each arm of the study

The entire name of the intervention(s) for the arm is shown in the arm headerFull name

An acronym or shortened version of the invention name(s) for the arm is shown in the arm headerAcronym or abbreviation

The arm header is labeled with “Control” and “Experimental” or “Treatment” or “Intervention“Control/experimental

Any header labeling scheme not identified above is usedAlternate labels

Header labels corresponding to the time at which the reported data were collected

The time point header contains an amount of time, including unitsContains unit of time

The time point header is labeled “Pre/Post,” “Before/After,” “Baseline/Follow-up”Pre/post

Time point headers are labeled with numbers or letters in order of time (eg, “t1,” “t2”)Incremental numbered

aContext is tagged as “Embedded” when individual header cells include 2 elements of context (eg, “Baseline BMI”).

Metric Reporting
Unlike table structure and measurement context, metric tags
were applied per article rather than per table. All baseline and

outcome tables in the article were considered for metric
classification (Table 4).
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Table 4. Tagging hierarchy of metric attributes.

Applied whenTags

The format of statistics reported in a metric is displayeda

The statistic format or just constituents are reported in the header of the array of metricsIn header

The statistic format or constituents are reported in the description or footnotes; these may apply to the
entire table or be annotations for arrays

In description or footnotes

Units of continuous data elements reportedb

The units of data elements are reported in each array headerIn header

The units of continuous data elements are reported in the description or footnotes; these may apply to the
entire table or be annotations for arrays

In descriptions or footnotes

The article includes no continuous data elements or the continuous data elements are unitless (eg, scale
data)

Not relevant

Pattern defining how the constituent statistics in array of metrics are formattedc

The format is used for continuous data elementsContinuous

The format is used for dichotomous data elements, specifically when only a single category is implied
(eg, “Mortality” or “Gender Male”)

Dichotomous

The format is used for categorical data elements; this also applies when a dichotomous data element ex-
plicitly lists all categories (eg, “Smoking” has separate arrays for “Yes” and “No”)

Categorical

Method of reporting category labels for categorical data elementsd

Category labels are in an entirely separate (delimited) array from the data element header arraySeparate array

Category labels are in the data element header array, with no distinction from other data element labelsSame array

Category labels are in the data element header array, but are nested under the categorical data element
header via white space or list indentation

Same array indented

Categories are all reported in the same cell (eg, “Gender M/F” with metrics “11/9”)In cell

aIf multiple cases apply, the lowest in the table is the classification.
bIf multiple cases apply, the lowest in the table is the classification. If units are missing on one or more data elements, this classification should be left
empty.
cThe formats under each tag are created as they are encountered in articles.
dThis classification is left empty in the event that no categorical data elements are reported.

Statistical Analysis
As a pilot study, no power analysis was performed to identify
an appropriate sample size. Sample size was estimated to restrict
95% CIs on proportions to ±15% in width. Frequencies were
compiled with Boolean queries on tags in AutoLit’s Study
Inspector. Boolean queries were run on tagged articles using
the open source software “btriev” [19] in NodeJS. The counts
of results were then compiled and proportion CIs were generated
using a normal approximation with the “prop.test” function in
R. Inferential statistics on proportions were built with a normal
approximation and computed in the R programming language.
CIs are reported at the 95% level.

Results

Characteristics of Sampled Articles
Of the sampled 100 records, 12 published articles were excluded
for lack of PDF full text, 7 presented nonclinical findings, and
3 were not available in English, leaving 78 articles that were
included in this pilot study. A single clinical study was reported
in all (78/78, 100%) published articles. Articles were published
in 65 distinct journals, with the most frequent journal, PLoS
One, publishing 9 of the articles. An interactive visualization
of all articles tagged using the hierarchical paradigm described
above is available on the Nested Knowledge Synthesis page
(see Figure 3) [20].
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Figure 3. A screenshot of the interactive tagging hierarchy applied across the 78 studies included in this pilot survey. Two filters were applied: “Outcomes
Reported In Table” was selected first, and then “Mean ± SD,” meaning the sunburst plot is filtered to studies for which both tags are present. The right
menu displays the 38 studies for which this is true as well as statistics about how common the tags in question are across all included studies.

Reporting of Baseline and Outcome Measures in Tables
Baseline and outcome data were reported in 71 of 78 (92%)
articles (95% CI 84%-96%). Both baseline and outcome data
were presented in tables in 66 of 78 articles (85%, 95% CI
75%-91%), and 77 (99%, 95% CI 93%-100%) articles reported

at least one table of baseline or outcome measures. Standard
reporting (with arm-level breakout) was present in 97% (64/66,
95% CI 90%-99%) of tables reporting baseline characteristics
and in 96% (69/72, 95% CI 92%-99%) of tables reporting
outcomes (Table 5).

Table 5. Baseline and outcome reporting per article and per table.

Frequency per table (N=174), n (%)Frequency per article (N=78), n (%)Type

67 (38.5)66 (85)Baseline reported in table

65 (97)64 (97)Arm-level breakout

2 (3)2 (3)No arm-level breakout

107 (61.5)72 (92)Outcomes reported in table

104 (97.2)69 (96)Arm-level breakout

2 (1.9)2 (3)Secondary only

1 (0.9)1 (1)Participant level

Among the 174 tables that were found to report either baseline
or outcome descriptive statistics, 6 (3.4%, 95% CI 1.6%-7.3%)
were rotated 90 degrees and 5 (2.9%, 95% CI 1.2%-6.5%) were
multipage.

Reporting of Measurement Context in Tables
Table 6 shows the frequency of measurement contexts using
the number of articles reporting one or more baseline or

outcomes tables as the respective denominators. Overall, 48
(62%, 95% CI 51%-72%) articles labeled arms by the full
intervention name or an abbreviation of it. Additionally, 22 of
the 52 (42%, 95% CI 30%-56%) articles reporting the time point
context in tables labeled time points according to the amount
of time.
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Table 6. Measurement context reporting per article (N=77).

Frequency per relevanta article, n (%)Type

57 (74)Arm size reported

50 (88)Embedded in arm

6 (11)In separate array

1 (1)In description

77 (100)Intervention labels reported

26 (34)Control/experimental

25 (33)Acronyms or abbreviated

23 (30)Full name

3 (4)Alternate labels

52 (68)Time point labels reported

24 (46)Pre/post

22 (42)Contains unit of time

6 (12)Incremental numbering

aOne article reported no baseline or outcome data in tables and was thus left out from the measurement context analysis.

In terms of dimensions, the 1×1 context of data elements and
arms was most commonly used to report findings, with time
points included in only 4 of 99 (4%, 95% CI 1.6%-9.9%) of
these tables. Across all context types, arms were most frequently

reported on columns (134/174, 77.0%), data elements on rows
(144/174, 82.8%), and time points on columns (38/174, 21.8%)
(see Table 7).
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Table 7. Dimensions of tabular reporting of measurement context (N=174).

Frequency per table, n (%)Context dimensions

99 (56.9)1×1

90 (91)DEsa on rows, arms on columns

5 (5)Arms on rows, DEs on columns

2 (2)Arm on rows, TPb on columns

2 (2)TPs on rows, arms on columns

34 (19.5)2×1

18 (53)TPs nested in DEs on rows, arms on columns

8 (24)Arms nested in DEs on rows, TPs on columns

2 (6)DEs nested in arms on rows, TPs on columns

2 (6)Arms nested in TPs on rows, DEs on columns

2 (6)DEs and TPs embedded in rows, arms on columns

1 (3)TPs nested in arms on rows, DEs on columns

1 (3)DEs nested in TPs on rows, arms on columns

26 (14.9)1×2

16 (62)DEs on rows, TPs nested in arms on columns

5 (19)DEs on rows, arms nested in TPs on columns

3 (12)Arms on rows, TPs nested in DEs on columns

2 (8)DEs on rows, arms and TPs embedded on columns

15 (8.6)Other structure

8 (53)Stratified reporting

7 (47)Only reports comparative statistics

aDE: data element.
bTP: time point.

Reporting of Metrics in Tables
Overall, 75 (97%) articles reported one or more continuous
metrics in tables. Fourteen total formats were observed. Mean
central tendencies were most frequently reported as mean ± SD
(59%) and mean (SD) (36%), whereas medians were most
commonly reported as median (25th percentile-75th percentile)

(52%; see Table 8). Seven formats were used for means and 7
for medians.

Among 75 articles reporting at least one continuous metric, 64
(85%, 95% CI 76%-92%) contained data elements where units
were relevant; of these, 55 (86%, 95% CI 75%-92%) reported
units of measurement in table headers.
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Table 8. Continuous metric reporting format in tables (N=77).

Frequency per relevanta article, n (%)Continuous metrics reported

69 (90)Mean

41 (59)Mean ± SD

25 (36)Mean (SD)

2 (3)Mean and SD in separate arrays

2 (3%)Mean

1 (1%)Mean SD

1 (1%)Mean (CI; lower-higher)

1 (1%)Mean ± SD (range; min-max)

21 (27)Median

11 (52)Median (IQR; 25th percentile-75th percentile)

4 (19)Median (range, min-max)

3 (14)Median [IQR; 25th percentile-75th percentile]

1 (5)Median [IQR; 25th percentile, 75th percentile]

1 (5)Median (IQR; 25th percentile to 75th percentile)

1 (5)Median (IQR)

1 (5)Min-Max (median)

aOne article reported no baseline or outcome data in tables and was thus left out from continuous data characterization.

Regarding dichotomous and categorical metrics, 8 different
formats were encountered across 62 articles (Table 9); the format
n (%) was most commonly observed for both metric types.

Statistical formats (such as those shown in Table 9) were also
commonly represented in tables. In 65 of 77 studies (84%), the
generalizable format was given. In 35 articles, the format was
presented in the header, whereas in 30 articles, it was presented
in the footnote or tabular description.

Table 9. Dichotomous and categorical formats and labels in tables (N=77).

Frequency per relevanta articles, n (%)Statistics reported

40 (52)Dichotomous

30 (75)n (%)

3 (8)n

3 (8)n/(N–n)

3 (8)%

2 (5)n, %

1 (3)n and % in separate arrays

47 (61)Categorical

40 (85)n (%)

8 (17)n

47 (61)Categorical labels

35 (74)Same array, indented

7 (15)Separate array

7 (15)In cell

1 (2)Same array, unindented

aOne article reported no baseline or outcome data in tables and was thus left out from dichotomous/categorical data characterization.

Among the 47 articles reporting categorical metrics, category
label indentation under the data element header was observed

in 35 (74%, 95% CI 60%-85%) articles. Two articles used two
distinct methods of category labeling.
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Across all data types, statistic formats were reported in tables
or their descriptions in 84% (95% CI 75%-91%) of articles.

Characteristics of Articles With High Information
Density
Notwithstanding the variety of measurement contexts (with 15
independent formats detected) and statistic formats presented,
high information density was common in our dataset. Articles
that were found to present maximal information in tables have
the following classifications: baseline or outcomes reported in
table; arm size reported; intervention labels should be full name
or acronyms or abbreviations; when reporting relevant metrics,
units of measurement are reported; and statistic format reported.

Thirty-one of the 78 sampled articles (40%, 95% CI 30%-51%)
matched these classifications. The most impactful constraint
among these classifications was “intervention labels”; if this
classification is dropped, 48 (62%, 95% CI 50%-75%) articles
matched the maximal-density, most-common formats listed
above.

Discussion

Principal Results
In this pilot survey, we found that 85% (66/78) of articles
reported both baseline and outcome data in tables, and 99%
(77/78) of articles have at least one table of baseline or outcome
data. Arm-level (intervention-specific) data were presented in
96% (69/72) of these tables, but there was major heterogeneity
in the methods of reporting population size and intervention
group names. Tabular dimensions ranged widely, with 15
independent dimensional structures used to report measurement
context across 174 tables. Although 1×1 contexts represented
the majority of tables, our results suggest that automated context
detection will need to contend with a diversity of arrangements.

Similarly, although continuous data were very commonly
reported (90% of articles, n=69/77) and dichotomous and
categorical data were consistently reported (52% and 61% of
articles, n=40/77 and n=47/77 respectively), statistic formats
were heterogeneous, with seven formats for means, seven for
medians, and six for dichotomous data. Despite the
heterogeneity of format, tables provided a consistent,
high-density source for baseline and outcome data, and the
contexts and formats defined here can be used to refine the
expected data presentation for tabular data extraction. We plan
to expand upon this pilot study in tabular structure with a
review-and-tabular-extraction study, wherein the framework
outlined here will be used to classify and extract from underlying
articles and the accuracy of extracted metrics will be determined
by comparison to manual extraction.

Automated Recognition of Context and Format
The context presented in tables showed the most disappointing
rate of reporting information of interest. Although arm sizes
were reported in tables in 74% (57/77) of publications, arm
interventions and measurement time points were reported in a
self-contained manner 60% (46/77) and 40% (31/77) of the
time, respectively. If tables are extracted in a completely
self-contained manner, with no access to the publication’s full

text, we expect only 40% of publications will contain sufficient
information in tables alone to complete extraction. Extraction
automations will therefore have to receive human input or
consult the free text to supplement arm and time point contexts
from the tables.

Statistic reporting was heterogenous in format but extremely
commonly reported: statistic format was explicitly reported in
tables in up to 90% (69/77) of publications. Even where absent,
the format may also be inferred from the metric arrays
themselves. Inferred formats may be useful when formats are
not reported or as a validation on the detected format.
Categorical metrics may produce the most complexity for
automations, as category labels are often not distinguished from
data element labels by more than whitespace indentation.

Given the commonality of n (%) reporting for dichotomous and
categorical data elements, it may be possible to arithmetically
derive missing arm sizes from metrics. If not essential, mining
the full text may still provide value in validations or completing
data. For example, interventions were reported as abbreviations
or acronyms in around 30% (23/77) of publications; pattern
matching on the abstract or introduction could generate full
strings for these shortened versions.

A nontrivial number of publications, around 5% (4/77),
contained rotated or multipage tables. Automations should
consider tools to identify and apply corrective measures in these
cases. Eight percent of tables reported only stratified data or
only comparative statistics; although these cases are typically
mathematically correctable to arm-level data that meta-analysts
desire, automation of these procedures would add complexity.
Lastly, although no publication included in our pilot study had
missing data, potential missing data must be addressed in any
automated workflow: we suggest that for any table where data
are missing, the table should be visually presented to users for
confirmation.

Previous Research on Tabular Extraction
To date, the scientific literature does not seem to contain any
studies giving an overview of the table structure, context
presentation, and statistic formats, making this pilot study the
first of its kind. The Cochrane Collaboration has created a test
data set for automated extraction that may be used to test the
accuracy of novel extraction algorithms; however, their data set
did not classify tabular structure, instead focusing on providing
the test/training data sets and preliminary testing of their own
semiautomated extraction system [21].

However, previous authors have proceeded beyond classification
and provided approaches for automating tabular extraction.
Unlike the approaches reviewed by Jonnalagadda et al [8] and
Marshall et al [22], which focus on simplified content-extraction
tasks from free text (such as abstracts), Milosevic et al [23]
actually tested a preliminary algorithm for tabular extraction.
Although this study did not include an overview of the context
or statistic formats, the authors achieved an F-score (accuracy)
of 82%-92% in the content extraction from a simplified set of
HTML tables with 1×1 context formats. The seven-step process
for detecting, processing, tagging, and extracting from tables
used by Milosevic et al [23] is the most complete tabular
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extraction process published to date. The only competing
approach focusing on tables in medical publications was from
Xu et al [24], who were able to extract drug side effect
relationships with 52% accuracy using a statistical classifier.
Other than Milosevic et al’s [23] pilot study, despite at least 26
approaches attempted in textual extraction [8], automated
extraction remains an unmet need for which tabular extraction
is a promising and underexamined methodology.

Limitations
We believe our findings will generalize to modern clinical
publications owing to the simplicity of our search and
applicability of classifications. However, this survey and the
AutoLit data extraction framework are applicable only to clinical
research publications. Since our search was limited to RCTs,
some study types such as observational studies may show
different characteristics. Similarly, we did not stratify our results
by journal, impact factor, or other factors apart from filtering
to RCTs, although journal-related characteristics may affect
how representative this pilot is of medical publishing generally.

Additionally, specific fields of research may show characteristics
that do not align well with the averaging-across-fields approach
used in our study. As a pilot survey, our study did not involve

a power analysis; however, this pilot study can be used to
determine sample sizes quantitatively in future research. Lastly,
our breakout of contexts and formats is always subject to
expansion not covered in this sample, and automations built on
the expectation of a limited set of contexts or formats may fail
when new presentations of this information are encountered.
The test of this framework will be the accuracy of extraction
algorithms that employ it compared against existing extraction
methods.

Conclusions
In this pilot survey, we found a high density of information in
tables, with over 85% (66/78) of articles reporting both
background and outcome measures in tables, but with major
heterogeneity in presentation of measurement context.
Measurement context was most often presented in a 1×1 format,
but 15 independent formats were found. Similarly, means and
medians were each found in seven independent formats, and
dichotomous variables in six. Despite this, high-quality
contextual information (intervention labels, arm sizes, units,
and statistic formats) were presented in 40% (31/77) of articles.
The range of context and statistic formats surveyed here can
provide a baseline for future tabular extraction efforts.
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Abstract

Background: HIV infection rates among sexual minority men and transgender individuals, particularly adolescents and young
adults, remain elevated in the United States despite continued improvement in the HIV public health response. However, there
remains a knowledge gap in understanding the barriers faced by this community in receiving HIV care and prevention resources.
To address this, the Keeping it LITE study was conducted to assess HIV risk factors and barriers to preventive treatment in a
large national cohort of young sexual minority men and transgender individuals at high risk of HIV infection.

Objective: This study aims to evaluate the feasibility of enrolling a large remote cohort, challenges encountered in recruitment,
and adjustments made to address these challenges.

Methods: A large national cohort (n=3444) of young sexual minority men and transgender individuals were recruited. Participants
were recruited via advertisements on social media; social apps for lesbian, gay, bisexual, transgender, and queer individuals; print
advertising; and word-of-mouth. Before enrolling, participants verified their HIV status using an at-home HIV test or by providing
their own testing documentation. Descriptive statistics were generated, and a series of logistic regressions were conducted to
evaluate demographic differences between recruitment methods, HIV testing methods, and enrollment status.

Results: The Keeping it LITE study was particularly successful in recruiting participants via social media, with over half of the
participants recruited from advertisements on social media platforms such as Facebook, Instagram, and Snapchat. Participants
were also recruited via word-of-mouth; lesbian, gay, bisexual, transgender, and queer apps (ie, Grindr, Scruff); and print
advertisements, and participants recruited from these sources tended to be older and have a higher risk profile. The study was
also successful in recruiting a large sample of transgender youth, particularly transgender men and nonbinary individuals. At-home
HIV testing was acceptable and more heavily used by younger participants, although several barriers were encountered and
overcome in the implementation of this testing. The study had more limited success in recruiting participants aged 13-17 years
because of lower enrollment rates and barriers to advertising on social media platforms. The implications of these findings for
the future development of HIV research and intervention protocols among sexual minorities and trans youth are discussed.

Conclusions: The methods used in the Keeping it LITE study, particularly recruitment via social media, were found to be
feasible and acceptable to participants.

(JMIR Form Res 2021;5(11):e30761)   doi:10.2196/30761
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Introduction

Background
Despite advances in HIV diagnostics, care, and prevention
strategies, HIV infection rates among adolescent and young
adult sexual minority men and transgender persons continue to
rise in the United States. In 2018, 69% of HIV infections in the
United States were attributed to male-to-male sexual contact,
with sexual minority men ages 25-34 reporting the highest rates
of new diagnoses [1]. Although there continues to be a paucity
of research on HIV among transgender youth, 2 studies of young
transgender women identified self-reported rates of HIV between
19%-22%, and recent epidemiological studies have demonstrated
that many trans masculine adults who have sex with cisgender
men (transsexual minority men) may have elevated HIV risk
[2,3]. In addition, whereas men who have sex with both men
and women (eg, bisexual men and straight-identified men who
have sex with men) are less likely to be HIV positive than gay
men, they are still more than five times as likely to be HIV
positive than men who have sex exclusively with women [4].
Although rates of HIV infection have decreased among many
risk groups over the past few years, HIV infection continues to
disproportionately impact Black and Hispanic or Latinx sexual
minority men and transgender persons, and the most striking
racial disparities are found among the youngest sexual minority
men [1].

Adolescents and young adults are at an increased risk of HIV
infection because of biological, cognitive, psychological, and
social changes that occur during this distinct developmental
phase [5,6]. Adolescence and emerging adulthood can span the
late teens through the late twenties and is characterized by
change, instability, and an exploration of love, work, and
worldviews [7,8]. Multiple co-occurring vulnerabilities, such
as lack of power and resources, exacerbate HIV risk during this
time, and the vulnerability of youth who are exploring their
sexual orientation or coming to terms with their gender identity
can be compounded by stigma and rejection from peers,
caregivers, and institutions [9]. These vulnerabilities are
exacerbated by coepidemics of poverty and violence as well as
the syndemics of mental health issues, drug abuse, and
victimization. Despite local and national initiatives, including
widespread testing, treatment as prevention, educational
programming, and the availability of pre-exposure prophylaxis
(PrEP) and postexposure prophylaxis (PEP), new HIV infections
among young sexual minority men and transgender persons
persist. In fact, while the number of HIV infections in sexual
minority men and transgender persons between 2014 and 2018
decreased among most age groups, annual increases were seen
among those aged 25-34 years [1].

Unfortunately, young and very young sexual minority men and
transgender persons are less likely to be aware of and avail
themselves of HIV testing and effective prevention technologies
because of barriers at multiple levels. A significant knowledge
gap exists in understanding the role of these barriers in the
ongoing epidemic of HIV acquisition among young sexual

minority men and transgender persons. Therefore, there is an
urgent need to articulate the epidemiology of HIV acquisition
in this population to target culturally and age-appropriate
prevention interventions toward those at the highest risk of
infection.

Objectives
To address this knowledge gap, the Keeping it LITE: Exploring
HIV Risk in Vulnerable Youth with Limited Interaction (UG3
AI 133669 & UH3 AI 133676) study was designed to assess
HIV risk factors and barriers to preventive treatment in a large
national cohort of youth and young adults at high risk of HIV
infection. The purpose of this study is to evaluate the feasibility
of enrolling (via web-based recruitment) a large, remote cohort
of diverse sexual minority men and transgender persons aged
13-34 years (including 20% ages 13-17 years) at high risk of
HIV infection and discuss challenges encountered in recruitment
and enrollment, and adjustments made to address these
challenges. Specifically, we will (1) examine which recruitment
methods were most successful for specific demographics; (2)
examine the characteristics of individuals who screened eligible
for the cohort but did not enroll to identify barriers to
enrollment; and (3) evaluate the feasibility of using HIV
self-testing as a study procedure.

Methods

Study Development

Youth Advisory Board
During the study development phase, a youth advisory board
(YAB) was organized to provide insight into methods of
recruitment and retention for young sexual minority men and
transgender persons. The YAB consisted of 18 lesbian, gay,
bisexual, transgender, and queer (LGBTQ+) youths of color
aged 13-24 years. These individuals were recruited via existing
relationships with clinical trial networks and from participants
enrolled in Keeping it LITE. YAB members reviewed
community engagement, outreach, education, recruitment,
retention, data collection, incentive, and linkage to care plans
and provided feedback.

Recruitment Materials
Advertising and marketing media for the study were developed
in collaboration with graphic designers and the YAB. At each
stage of development, drafts of recruitment materials were
shown to the YAB to assess whether they were understandable,
culturally appropriate, and engaging. Examples of feedback
from the YAB include suggestions to emphasize visuals over
text, to use colors from the LGBTQ pride and trans pride flags
to make messaging pop out, to use the same account name on
the study website and social media accounts, and to post
frequently on social media. The marketing and branding strategy
was carefully designed to include all gender and racial or ethnic
identities. Figure 1 shows examples of advertisements developed
for this study.
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Figure 1. Examples of advertisements developed for this study.

Recruitment Procedures
Recruitment advertisements were distributed over social media
platforms and mobile apps viewable on all internet-enabled
smart devices with specified regions, demographics, and times.
The YAB was consulted about methods of recruitment via
LGBTQ-specific social media, and they identified Grindr,
Jack’d, Scruff, and Adam4Adam as the apps most commonly
used by young sexual minority men or transgender persons.

Advertisements were placed on Facebook, Instagram, Snapchat,
Spotify, Twitter, YouTube, Grindr, Hornet, Growlr, and Scruff.
Print advertisements were also placed in Chicago-area public
transit systems and distributed at a limited number of in-person
events in Chicago. Finally, participants were also recruited by
word-of-mouth, with current participants in the study referring
others to join. Participants were given an incentive (US $20)
for each of their enrolled referrals. Recruitment was originally
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limited to the Chicago area but later expanded to cities across
the United States.

Barriers in Social Media Recruitment
Before launching recruitment, Facebook and Instagram removed
the ability to target advertisements through sexual orientation
identity [10]. Advertisement targeting was therefore switched
from using the built-in sexual orientation indicator to a mix of
key ad words to target LGBTQ+ youth and adults (such as media
or consumer goods that were popular among this demographic
based on suggestions from YAB). Snapchat also changed its
advertising policy to block minors from receiving advertisements
for clinical trials or research studies. Thus, this medium could
only be used to recruit participants aged ≥18 years. Finally,
some study advertisements were flagged as inappropriate content
for minors on Facebook and Instagram. These advertisements
typically featured cisgender, transgender, and nonbinary youth
holding hands, hugging, giving each other endearing looks, etc.
It was noted that photos featuring individuals in summer scenes
(eg, beach, swimwear, and shorts) were most likely to be
flagged. These advertisements could continue to be used in
posts by the study’s social media accounts on Facebook and
Instagram but were not able to be used in paid advertising.

Prescreening Questionnaire
Study advertisements directed potential participants to a
prescreening questionnaire with further information about the
study and a series of questions to assess eligibility. To enroll in
the study, participants were required to be located in the United
States, identify as a cis- or transgender man or transgender
woman, or nonbinary person who has sex with persons assigned
male at birth, between the ages of 13 and 34 years, report being
HIV negative or receiving an HIV diagnosis in the previous
year, and report at least one of the following in the last 6 months:
(1) condomless anal sex; (2) sex with an HIV-positive partner;
or (3) a bacterial sexually transmitted infection (STI).
Participants aged <18 years were enrolled as allowable in their
state of residence (6 states do not allow minors to access HIV
or STI testing services independently until the ages of 14-16)
[11].

In the course of recruitment, it was found that many potential
participants under the age of 18 did not meet eligibility criteria
because they did not report sufficient sexual risk (ie, reporting
no anal sex, HIV-positive partners, or STIs). To facilitate
recruitment of the age group, criteria were adjusted to allow
participants under 18 to be eligible if they reported engaging in
unprotected oral sex with a person assigned male at birth.

Enrollment Procedures
Potential participants who met the inclusion criteria were
directed to an electronic consent form to read and sign. Only
one enrollment was allowed per IP address to ensure that
individuals were enrolled only once. In addition, participants
agreed to disclose their name, date of birth, street address, phone
number, and email through a secure, Health Insurance Portability
and Accountability Act–compliant system. This information
was reviewed by the study staff to ensure that the participant
was not previously enrolled before a unique participant ID
number was assigned.

Assessments
Once informed consent was obtained, the participants completed
the HIV status verification. Participants could choose to have
an at-home HIV test kit mailed to them or by securely uploading
an HIV health record, such as an HIV test lab report,
antiretroviral treatment, or PrEP prescription obtained within
the last 3 months. Participants then completed a 30-minute
baseline assessment with questions assessing demographics,
social determinants of health (health insurance status, use of
public assistance, immigration status, employment, housing,
education, etc), health care experiences, substance use, mental
health (social support, attitudes, stigma, discrimination,
depression, posttraumatic stress disorder), sexual risk behavior,
and HIV prevention engagement. The baseline assessment also
included an optional question asking participants how they heard
about the study (word-of-mouth, print advertisement, social
media, or LGBTQ+ app). The participants completed follow-up
evaluations every 6 months. For each follow-up evaluation,
they received an automated email prompting them to complete
a questionnaire and repeat their HIV testing or status
verification.

Retention Strategies
When participants entered their follow-up window (180 days
from the last visit), automated email reminders were sent at 1,
3, 7, 14, and 28 days. Participants were messaged semiannually
even if they missed one or more previous interactions. On
holidays or special awareness days, such as World AIDS Day
and National Youth HIV & AIDS Awareness Day, participants
were encouraged to participate in contests posted on social
media to win small gifts through lotteries.

Measures

HIV Testing
HIV testing was conducted using oral specimen HIV self-testing
kits. This testing method was chosen after consultation with the
YAB. The YAB expressed a preference for oral specimens over
a self-collected blood specimen, and for the ability to upload
results via an encrypted web portal over mailing a test back to
the researchers. The study staff purchased large volumes of test
kits and shipped them to the participants within a week of their
request date. The packages included instructions for
self-administration in easy-to-understand language and diagrams
as well as a Centers for Disease Control and Prevention
self-testing educational pamphlet. Participants were instructed
to take a picture of the test results and upload it to the encrypted
study survey platform. This platform also included links to video
tutorials, demonstrating the self-testing procedure. Several ways
to securely reach the staff were prominent in the testing
instructions with specific instructions should the test be reactive.
Participants who experienced challenges receiving their tests
by mail received one-on-one troubleshooting with the study
staff. This testing method proved inexpensive, with the total
cost of the test, packaging, and postage totaling less than US
$20.

To ensure participant privacy and confidentiality with regard
to the testing kits, mail packaging was as discreet as possible,
and a fully encrypted, secure, Health Insurance Portability and
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Accountability Act–compliant web-based data collection
program was used to send results. Participants were informed
about privacy measures in place for their test data through the
informed consent process, and throughout the testing process,
participants were encouraged to express feedback or concerns
through confidential communication methods. To ensure the
privacy and safety of sexual and gender minority participants,
we sought and were granted a waiver of the requirement of
parental consent for participation.

Adjunct Surveys
Three adjunct surveys were added to the study to evaluate the
impact of relevant current events. This included a brief survey
in late November 2019-December 2019 to evaluate the effects
of misleading advertisements seeking plaintiffs in a lawsuit
against Gilead for Truvada toxicities [12]; a survey in May and
September of 2020 and May of 2021 to ascertain how the
COVID-19 pandemic was affecting the mental, financial, and
sexual health of participants [13]; and a short survey in October
of 2020 to better understand youth aged 13-17 years who
screened eligible but chose not to enroll. The results of the first
two surveys are beyond the scope of this study and have been
presented and discussed elsewhere [12,13]. The methods of the
latter survey are discussed here to provide insight into the
recruitment and retention of minor participants.

In October 2020, 246 participants who had consented to
participate between December 2017 and December 2019 were
between the ages of 13 and 17 at the time of consent but failed
to complete baseline HIV testing (which would have completed
study enrollment) were invited to participate in a short survey.
The survey included practical questions about the mechanics
of receiving an HIV test, privacy concerns, data use, electronic
incentives, as well as issues of stigma, disclosure, risk
perception, and fear of test results.

Participant Compensation
Participants were compensated US $50 per study visit after the
HIV test result or status verification was received, and the survey

was completed. Participants received compensation through a
web-based gift card distribution system that allowed them to
choose between a variety of electronic gift cards or a prepaid
debit card. The choice to use this web-based system was made
after receiving feedback from participants that they wanted to
receive their payments as quickly as possible and after
consultation with the YAB. For the ad hoc surveys, the study
team experimented with random lottery and flat-rate
compensation, but ultimately found no difference in response
rates. Participants were also compensated with US $20 for
completing adjunct surveys.

Statistical Analysis
Descriptive statistics were generated for the data, including
frequencies, means, SDs, and odds ratios (ORs) for participant
demographics and recruitment methods, testing methods, and
enrollment status. A series of logistic regressions were
conducted to evaluate differences in participant demographics
between recruitment methods, HIV testing methods, and
enrollment status. Analyses were performed using JASP version
0.14.1 [14].

Results

Sample Characteristics
The demographic characteristics of the enrolled participants are
shown in Table 1. Participants were recruited from December
2017 to December 2019 (Figure 2) and recruited from across
the United States (Figure 3). Most participants identified as
cisgender men (2613/3444, 75.87%), with most cisgender men
in the study identifying as gay (2089/2613, 97.94%).
Furthermore, 1.91% (66/3444) of participants identified as
transgender women, 8.04% (277/3444) identified as transgender
men, and 14.16% (488/3444) of participants identified as
genderqueer or gender nonconforming. Nearly half of the
participants were identified as persons of color (1631/3444,
47.35%).
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Table 1. Characteristics of enrolled participants (N=3444).

Other (n=380)Asian or Pacific Islander
(n=154)

Black
(n=417)

Latinx
(n=680)

White
(n=1813)

Total
(N=3444)

Characteristics

23.7 (4.8)24.6 (4.8)24.4 (4.7)24.2 (4.9)25.0 (4.8)24.6 (4.8)Age (years), mean (SD)

Sexual orientation and gender, n (%)

Cisgender men

190 (50)100 (64.94)227 (54.43)416 (61.18)1165 (64.25)2098 (60.91)Gay

73 (19.21)25 (16.23)88 (21.1)119 (17.5)201 (11.09)506 (14.69)Other

2 (0.53)0 (0)2 (0.48)1 (0.15)4 (0.22)9 (0.26)Straight

Nonbinary

17 (4.47)4 (2.59)34 (8.15)29 (4.26)54 (2.97)138 (4)Gay

47 (12.37)15 (9.74)43 (10.31)56 (8.23)184 (10.15)345 (10.02)Other

2 (0.53)0 (0)2 (0.48)1 (0.15)0 (0)5 (0.14)Straight

Trans men

8 (2.11)2 (1.29)1 (0.24)7 (1.03)36 (1.99)54 (1.57)Gay

33 (8.68)8 (5.19)10 (2.39)33 (4.85)129 (7.12)213 (6.18)Other

1 (0.26)0 (0)0 (0)3 (0.44)6 (0.33)10 (0.29)Straight

Trans women

1 (0.26)0 (0)3 (0.72)2 (0.29)6 (0.33)12 (0.35)Gay

4 (1.05)0 (0)5 (1.19)7 (1.03)28 (1.54)44 (1.28)Other

2 (0.5)0 (0)2 (0.48)6 (0.88)0 (0)10 (0.29)Straight

Locationa, n (%)

EHE2b

110 (28.95)51 (33.12)200 (487.96)237 (34.85)526 (29.01)1124 (32.64)Midwest

48 (12.63)13 (8.44)82 (19.66)80 (11.76)226 (12.46)449 (13.04)South

23 (6.05)18 (11.69)18 (4.32)35 (5.15)89 (4.91)183 (5.31)Northeast

26 (6.84)19 (12.34)14 (3.36)76 (11.18)106 (5.85)241 (6.99)West

Non-EHE

71 (10.44)20 (12.98)35 (8.39)75 (11.03)371 (20.46)572 (16.61)Midwest

37 (9.74)8 (5.19)45 (10.79)73 (10.74)195 (10.76)358 (10.39)South

36 (9.47)12 (7.79)19 (4.56)50 (7.35)174 (9.59)291 (8.45)Northeast

29 (7.63)13 (8.44)4 (0.96)54 (7.94)126 (6.95)226 (6.56)West

HIV status, n (%)

291 (76.58)117 (75.97)258 (61.87)507 (74.56)1388 (76.56)2561 (74.36)HIV negative

76 (20)36 (23.38)99 (23.74)151 (22.21)407 (22.45)769 (22.32)HIV negative and on PrEPc or

PEPd

13 (3.42)1 (0.65)60 (14.39)22 (3.23)18 (0.99)114 (3.31)HIV positive

Permanent housinga, n (%)

352 (92.63)149 (96.75)347 (83.21)618 (90.88)1742 (96.08)3208 (93.15)Yes

23 (6.05)4 (2.59)65 (15.59)55 (8.09)57 (3.14)204 (5.92)No

Educationa, n (%)

137 (36.05)95 (61.69)141 (33.81)276 (42.59)899 (49.59)1548 (44.95)≤Bachelor’s degree

206 (54.21)50 (32.48)253 (60.67)372 (54.71)789 (43.52)1670 (48.49)≥Bachelor’s degree
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Other (n=380)Asian or Pacific Islander
(n=154)

Black
(n=417)

Latinx
(n=680)

White
(n=1813)

Total
(N=3444)

Characteristics

Insurance statusa, n (%)

271 (71.32)129 (83.77)278 (66.67)501 (73.68)1423 (78.49)2602 (75.56)Insured

39 (10.26)7 (4.54)66 (15.83)104 (15.29)118 (6.51)334 (9.69)Not Insured

Employmenta, n (%)

184 (48.42)74 (48.05)216 (51.79)365 (53.68)1098 (60.56)1937 (56.24)Yes

135 (35.52)43 (27.92)155 (37.17)236 (34.71)457 (25.21)1026 (29.79)No

Any incomea, n (%)

294 (77.37)131 (85.06)322 (77.22)563 (82.79)1476 (81.41)2786 (80.89)Yes

49 (12.89)14 (9.09)72 (17.27)86 (12.65)215 (11.86)436 (12.66)No

Number of risk criteriae, n (%)

142 (37.37)51 (33.12)208 (49.88)256 (37.65)584 (32.21)1241 (36.03)2 or more

238 (62.63)103 (66.88)209 (50.12)424 (62.35)1229 (67.79)2203 (63.96)Less than 2

PrEP indicatedf, n (%)

313 (82.37)138 (89.61)328 (78.66)599 (88.09)1594 (87.92)2972 (86.29)Yes

67 (17.63)16 (10.39)89 (21.34)81 (11.91)219 (12.08)472 (13.7)No

Substance usea,g, n (%)

78 (20.53)21 (13.64)49 (11.75)109 (16.03)276 (15.22)533 (15.48)Yes

201 (52.89)90 (58.44)238 (57.07)398 (58.53)1206 (66.52)2133 (61.93)No

aDenotes missing data.
bEHE: ending the HIV epidemic priority jurisdictions [15].
cPrEP: pre-exposure prophylaxis.
dPEP: postexposure prophylaxis.
eRisk criteria: (1) inconsistent condom use, (2) HIV-positive partner, and (3) bacterial sexually transmitted infection in the past 6 months.
fPrEP indication is based on Centers for Disease Control and Prevention’s draft of clinical practice guidelines [16]: HIV negative, recent anal or vaginal
sex, and one of the following: inconsistent condom use, HIV-positive partner, or bacterial sexually transmitted infection in past 6 months.
gSubstance use: cocaine, meth, or heroin use in past 6 months.

Figure 2. Enrollment activity by study quarter.
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Figure 3. Map of participant enrollment by location.

Social Media Engagement and Recruitment Sources
During the study recruitment period, digital advertisements for
the study were seen (ie, displayed on someone’s social media
feed) over 2 million times and clicked open over 720,000 times.
Social media platforms such as Snapchat, Instagram, and
Facebook accounted for a majority (about 9 out of 10) of clicks,
whereas about 1 in 10 clicks were from dating apps such as
Grindr, Hornet, Growlr, and Scruff. The study Facebook page
accrued more than 4200 likes, and the study Instagram account
accrued more than 2700 followers. The website for the study
received over 35,000 unique visitors.

A total of 2649 participants reported how they heard about the
study. Descriptive statistics, ORs, and results of the logistic
regression analysis are displayed in Table 2. The most

commonly reported method of recruitment was social media
(1684/2649, 63.57%), although some methods were more
effective for certain demographics than others. A series of
logistic regressions indicated advertisements on LGBT+ apps
such as Grindr more commonly enrolled older participants with
a higher risk profile, whereas advertisements on social media
apps such as Instagram and Snapchat tended to attract younger
participants with lower risk profiles. Cisgender men were more
likely than transgender participants to hear about the study from
Grindr or other LGBT apps, and participants aged <20 years
were more likely to hear about the study from social media than
participants ≥20 years. Word-of-mouth and LGBTQ+ app
methods also tended to enroll more participants who were HIV
positive or using PrEP or PEP. The results of the multivariate
model confirmed the independence of these associations (Table
2).
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Table 2. Participant characteristics by recruitment method (n=2649).

Multivariate
OR (95% CI)

P valuecSocial media versus
all other, univariate

ORb (95% CI)

Print adsLGBTQ+a

apps

Word-of-mouthSocial mediaTotalCharacteristics

———d125
(4.61)

341 (12.91)499 (18.81)1684 (63.61)2649 (100)Total, n (%)

0.97 (0.95-0.98)<.0010.96 (0.94-0.97)23.5 (4.9)26.6 (4.5)24.8 (4.6)24.3 (4.9)24.6 (4.8)Age (years), mean
(SD)

Reference19 (15.2)97 (28.4)85 (17)282 (16.7)483 (18.2)30-34

1.02 (0.81-1.28)31 (24.8)141 (41.3)182 (36.5)506 (30.0)860 (32.5)25-29

1.41 (1.12-1.78)49 (39.2)77 (22.6)162 (32.5)570 (33.8)858 (32.4)20-24

1.51 (1.09-2.09)14 (11.2)22 (6.5)42 (8.4)165 (9.8)243 (9.2)18-19

2.61 (1.78-3.81)12 (9.6)4 (1.2)28 (5.6)161 (9.6)205 (7.7)13-17

Race or gender, n (%)

<.001Sexual minority men

ReferenceReference44
(35.18)

154 (45.21)168 (33.68)725 (43.13)1091
(41.21)

White

0.82 (0.63-1.06)0.88 (0.70-1.11)19
(15.21)

68 (19.89)71 (14.21)276 (16.41)434 (16.43)Latinx

0.58 (0.42-0.80)0.48 (0.36-0.64)13
(10.45)

47 (13.78)68 (13.57)122 (7.18)250 (9.37)Black

1.06 (0.66-1.69)1.06 (0.68-1.63)1 (0.79)12 (3.54)20 (4.03)69 (4.08)102 (3.89)Asian

1.01 (0.72-1.43)1.00 (0.73-1.37)9 (7.21)23 (6.71)37 (7.42)137 (8.12)206 (7.78)Other

Trans or nonbinary

0.89 (0.66-1.20)—1.03 (0.78-1.35)17
(13.61)

15 (4.56)66 (13.23)199 (11.77)297 (11.22)White

0.72 (0.45-1.14)—0.58 (0.38-0.87)9 (7.22)9 (2.61)29 (5.79)54 (3.21)101 (3.81)Latinx

0.90 (0.52-1.57)—0.55 (0.34-0.91)6 (4.76)3 (0.87)23 (4.56)35 (2.13)67 (2.45)Black

0.85 (0.31-2.33)—0.76 (0.31-1.87)0 (0)6 (1.81)2 (0.36)12 (0.65)20 (0.82)Asian

0.85 (0.50-1.45)—1.07 (0.66-1.73)7 (5.61)4 (1.17)15 (3.02)55 (3.33)81 (3.13)Other

Locatione, n (%)

<.001EHEf

ReferenceReference104
(83.21)

96 (28.19)283 (56.74)252 (15.04)735 (27.71)Midwest

5.96 (4.48-7.92)6.00 (4.54-7.93)5 (4.02)45 (13.16)43 (8.62)291 (17.34)384 (14.51)South

5.54 (3.71-8.26)5.27 (3.56-7.81)3 (2.37)19 (5.62)18 (3.61)110 (6.47)150 (5.66)Northeast

5.19 (3.66-7.37)5.37 (3.81-7.57)1 (0.77)38 (11.11)16 (3.18)154 (9.12)209 (7.92)West

Non-EHE

3.54 (2.72-4.60)—4.22 (3.27-5.44)6 (4.78)60 (17.61)68 (13.62)295 (17.53)429 (16.21)Midwest

6.14 (4.50-8.39)—6.71 (4.94-9.11)1 (0.76)33 (9.72)36 (7.21)245 (14.45)315 (11.87)South

6.56 (4.58-9.41)—7.54 (5.29-10.75)4 (3.21)24 (7.02)19 (3.76)185 (11.02)232 (8.81)Northeast

6.14 (4.20-8.96)—6.78 (4.67-9.82)1 (0.78)26 (7.63)16 (3.21)152 (9.02)195 (7.41)West

HIV status, n (%)

Reference<.001Reference95
(76.02)

221 (64.78)332 (66.45)1321 (78.42)1969 (74.3)HIV negative

0.78 (0.63-0.97)0.59 (0.49-0.71)23
(18.34)

99 (29.0)144 (28.9)320 (19.05)586 (22.1)PrEPg or PEPh
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Multivariate
OR (95% CI)

P valuecSocial media versus
all other, univariate

ORb (95% CI)

Print adsLGBTQ+a

apps

Word-of-mouthSocial mediaTotalCharacteristics

0.66 (0.40-1.06)0.41 (0.27-0.63)7 (5.6)21 (6.2)23 (4.6)43 (2.63)94 (3.45)HIV positive

Number of risk criteriai, n (%)

Reference<.001Reference37
(29.56)

160 (46.91)234 (46.89)558 (33.08)989 (37.31)2 or more

1.19 (0.98-1.45)—1.63 (1.38-1.92)88
(70.34)

181 (53.12)265 (53.13)1126 (66.91)1660
(62.72)

Less than 2

PrEP indicatedj, n (%)

—.16Reference98
(78.42)

315 (92.42)440 (88.21)1518 (90.1)2371
(89.45)

Yes

——0.83 (0.65-1.07)27
(21.57)

26 (7.58)59 (11.83)166 (9.88)278 (10.51)No

Substance usee,k, n (%)

—.32Reference20
(20.41)

62 (24.17)81 (20.71)253 (15.02)416 (20.56)Yes

——1.12 (0.90-1.40)78
(79.58)

195 (75.87)311 (79.32)1015 (60.27)1599
(79.34)

No

aLGBTQ+: lesbian, gay, bisexual, transgender, and queer.
bOR: odds ratio.
cResults of logistic regression (outcome variable=recruited via social media vs recruited via other method).
dNot available.
eDenotes missing data.
fEHE: ending the HIV epidemic priority jurisdictions [15].
gPrEP: pre-exposure prophylaxis.
hPEP: postexposure prophylaxis.
iRisk criteria: (1) inconsistent condom use, (2) HIV-positive partner, and/or (3) bacterial sexually transmitted infection in the past 6 months.
jPre-exposure prophylaxis indication is based on Centers for Disease Control and Prevention’s draft of clinical practice guidelines [16]: HIV negative,
recent anal or vaginal sex, and one of the following: inconsistent condom use, HIV-positive partner, or bacterial sexually transmitted infection in past
6 months.
kSubstance use: cocaine, meth, or heroin use in past 6 months ≥2 risk criteria: (1) inconsistent condom use, (2) HIV-positive partner, and/or (3) bacterial
sexually transmitted infection in the past 6 months.

Qualification and Enrollment
Table 3 displays the enrollment status of all 11,821 participants
who completed eligibility screenings. A series of logistic
regressions indicated that younger eligible participants were
less likely than older eligible participants to enroll in the study.
Participants aged 13-17 years were significantly less likely to
enroll compared with participants aged 30-34 years (OR 0.44,
95% CI 0.35-0.56). In addition, compared with eligible White
cisgender male-identified participants, Asian (OR 0.88, 95%

CI 0.62-1.13), Black (OR 0.70, 95% CI 0.58-0.85), and Latinx
(OR 0.75, 95% CI 0.64-0.89) participants were less likely to
enroll, and transgender and nonbinary individuals were less
likely to enroll than cisgender participants. Eligible HIV-positive
participants were 1.67 (95% CI 1.20-2.33) times more likely
and HIV negative participants on PrEP or PEP were 15.73 (95%
CI 11.3-21.9) times more likely to enroll than HIV negative
participants not on PrEP or PEP. The results of the multivariate
model confirmed the independence of these associations (Table
3).
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Table 3. Characteristics of participants by enrollment status (n=11,821).

Multivariate OR
(95% CI)

P valuebEnrolled versus
did not enroll,

univariate ORa

(95% CI)

EnrolledDid not enrollDid not qualifyTotalCharacteristics

———c3444
(29.13)

2082 (17.62)6295 (53.25)11,821 (100)Total, n (%)

1.02 (1.00-1.03)<.0011.04 (1.03-1.06)24.6 (4.8)23.6 (4.9)25.9 (10.0)25.1 (8.1)Age (years), mean (SD)

—0 (0)0 (0)778 (12.4)778 (6.6)>34

Reference619 (18)293 (14.1)681 (10.8)1593 (13.5)30-34

0.92 (0.78-1.1)1065 (30.9)546 (26.2)1181 (18.8)2792 (23.6)25-29

0.73 (0.61-0.86)1191 (34.6)777 (37.3)2049 (32.5)4017 (34.0)20-24

0.73 (0.59-0.91)339 (9.8)220 (10.6)827 (13.1)1386 (11.7)18-19

0.44 (0.35-0.56)230 (6.7)246 (11.8)776 (12.3)1252 (10.6)13-17

—0 (0)0 (0)3 (0)3 (0)<13

Race or gender, n (%)

<.001Sexual minority men

ReferenceReference1370
(39.78)

685 (32.88)1671 (26.48)3726 (31.45)White

0.79 (0.67-0.94)0.75 (0.64-0.89)536 (15.57)355 (17.09)514 (8.18)1405 (11.87)Latinx

0.66 (0.53-0.81)0.70 (0.58-0.85)317 (9.16)226 (10.87)349 (5.48)892 (7.52)Black

0.85 (0.62-1.17)0.83 (0.62-1.13)125 (3.62)75 (3.59)122 (1.89)322 (2.69)Asian

0.79 (0.63-0.99)0.76 (0.61-0.94)265 (7.66)175 (8.36)295 (4.68)735 (6.16)Other

Trans or nonbinary

1.12 (0.92-1.36)—0.85 (0.71-1.02)443 (12.89)260 (12.49)1773 (28.16)2476 (20.87)White

0.71 (0.54-0.94)—0.60 (0.46-0.78)144 (4.19)120 (5.76)473 (7.52)737 (6.19)Latinx

0.60 (0.44-0.82)—0.52 (0.38-0.69)100 (2.91)97 (4.67)627 (10.02)824 (7.04)Black

1.85 (0.88-3.85)—1.45 (0.70-2.99)29 (0.77)10 (0.49)108 (1.72)147 (1.23)Asian

0.96 (0.70-1.32)—0.73 (0.54-0.98)115 (3.31)79 (3.8)363 (5.77)557 (4.72)Other

Locationd, n (%)

—.71EHEe

Reference1124 (32.6)649 (31.32)1893 (30.08)3666 (31.02)Midwest

0.96 (0.81-1.15)449 (13.03)269 (13)769 (12.21)1487 (12.57)South

0.97 (0.75-1.25)183 (5.31)109 (5.29)300 (4.79)592 (5.02)Northeast

0.88 (0.70-1.10)241 (6.8)158 (7.62)373 (5.89)772 (6.52)West

Non-EHE

——0.89 (0.75-1.04)572 (16.56)373 (18.01)1486 (23.61)2431 (20.62)Midwest

——1.01 (0.83-1.23)358 (10.42)205 (9.91)558 (8.86)1121 (9.47)South

——1.04 (0.84-1.29)291 (8.42)161 (7.81)559 (8.88)1011 (8.59)Northeast

——0.88 (0.70-1.11)226 (6.6)148 (7.12)356 (5.69)730 (6.2)West

HIV status, n (%)

Reference<.001Reference2561
(74.36)

1991 (95.59)5984 (95.08)10,536
(89.12)

HIV negative, not on

PrEPf or PEPg

16.42 (11.7-
23.05)

—15.73 (11.3-21.9)769 (22.31)38 (1.77)0 (0)807 (6.82)HIV negative; on PrEP or
PEP

2.25 (1.57-3.2)—1.67 (1.20-2.33)114 (3.27)53 (2.53)311 (4.92)478 (4.03)HIV positive
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Multivariate OR
(95% CI)

P valuebEnrolled versus
did not enroll,

univariate ORa

(95% CI)

EnrolledDid not enrollDid not qualifyTotalCharacteristics

Number of risk criteriah, n (%)

Reference<.001Reference331 (9.61)170 (8.22)148 (2.39)649 (5.48)3

1.64 (1.28-2.11)1.12 (0.90-1.39)910 (26.38)419 (20.07)539 (8.61)1868 (15.77)2

1.55 (1.22-1.96)0.80 (0.65-0.97)1843
(53.51)

1186 (57.03)1876 (29.83)4905 (41.45)1

1.4 (1.05-1.88)0.60 (0.47-0.77)360 (10.46)307 (14.67)3732 (59.33)4399 (37.23)0

aOR: odds ratio.
bResults of logistic regression (outcome variable=enrolled vs did not enroll).
cNot available.
dDenotes missing data.
eEHE: ending the HIV epidemic priority jurisdictions [15].
fPrEP: pre-exposure prophylaxis.
gPEP: postexposure prophylaxis.
hRisk criteria: (1) inconsistent condom use, (2) HIV-positive partner, and/or (3) bacterial sexually transmitted infection in the past 6 months.

HIV Testing Methods
Table 4 displays HIV testing methods used by participants across
demographics. A majority of participants (2573/3444, 74.71%)
opted to use the at-home HIV testing kits provided by the study.
A series of logistic regressions indicated younger participants
used the at-home tests at higher rates than older participants,
with participants aged 13-17 years being 6.38 (95% CI
6.61-11.25) times more likely to use at-home tests than
participants aged 30-34 years. Compared with cisgender White

men, cisgender Black men were 0.46 (95% CI 0.36-0.59) times
as likely and cisgender Asian men were 0.62 (95% CI 0.42-0.92)
times as likely to use at-home tests. Trans and nonbinary
participants were more mixed, with White participants having
greater odds (OR 1.54, 95% CI 1.17-2.04) and Black participants
having lower odds (OR 0.58, 95% CI 0.38-0.90) of using
at-home tests. The results of the multivariate model confirmed
the independence of these associations except for age and
substance use (Table 4).
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Table 4. Characteristics of participants using HIV self-testing versus other HIV status verification (n=3444).

Multivariate OR
(95% CI)

P valuebUnivariate ORa

(95% CI)

Other status
verification

HIV self-testTotalCharacteristics

———c871 (25.29)2573 (74.71)3444 (100)Total, n (%)

1.02 (0.99-1.04)<.0010.95 (0.93-0.96)25.5 (4.4)24.3 (4.9)24.6 (4.8)Age (years), mean (SD)

<.001Reference181 (20.8)438 (17.0)619 (18.0)30-34

—1.03 (0.83-1.29)304 (34.9)761 (29.6)1065 (30.9)25-29

—1.18 (0.95-1.47)308 (35.4)883 (34.3)1191 (34.6)20-24

—1.78 (1.29-2.45)64 (7.3)275 (10.7)339 (9.8)18-19

—6.38 (3.61-
11.25)

14 (1.6)216 (8.4)230 (6.7)13-17

Race or gender, n (%)

<.001Sexual minority men

ReferenceReference328 (37.67)1042 (40.49)1370 (39.78)White

1.09 (0.80-1.48)0.93 (0.74-1.17)136 (15.61)400 (15.55)536 (15.56)Latinx

0.64 (0.44-0.92)0.46 (0.36-0.59)129 (14.83)188 (7.31)317 (9.2)Black

0.58 (0.35-1.97)0.62 (0.42-0.92)42 (4.82)83 (3.23)125 (3.63)Asian

1.09 (0.72-1.63)0.91 (0.67-1.23)68 (7.78)197 (7.66)265 (7.69)Other

Trans or nonbinary

1.00 (0.70-1.43)—1.54 (1.17-2.04)75 (8.56)368 (14.3)443 (12.86)White

1.10 (0.63-1.91)—1.25 (0.82-1.91)29 (3.34)115 (4.47)144 (4.18)Latinx

0.53 (0.27-1.04)—0.58 (0.38-0.90)35 (4.02)65 (2.53)100 (2.9)Black

0.42 (0.14-1.26)—0.99 (0.42-2.34)7 (0.78)22 (0.86)29 (0.84)Asian

0.92 (0.50-1.69)—1.33 (0.82-2.15)22 (2.45)93 (3.61)115 (3.34)Other

Locationd, n (%)

<.001EHEe

ReferenceReference323 (37.07)801 (31.13)1124 (32.63)Midwest

0.72 (0.52-1.00)1.11 (0.86-1.41)120 (13.78)329 (12.79)449 (13.04)South

0.47 (0.30-0.71)0.54 (0.39-0.75)78 (9.03)105 (4.08)183 (5.31)Northeast

0.44 (0.30-0.65)0.74 (0.55-0.99)85 (9.82)156 (6.06)241 (6.99)West

Non-EHE

1.13 (0.81-1.57)—2.13(1.65-2.76)91 (10.39)481 (18.69)572 (16.61)Midwest

1.19 (0.80-1.78)—1.82 (1.35-2.45)65 (7.47)293 (11.39)358 (10.39)South

0.96 (0.63-1.45)—1.69 (1.23-2.33)56 (6.42)235 (9.13)291 (8.45)Northeast

0.66 (0.43-1.03)—1.32 (0.94-1.84)53 (6.08)173 (6.72)226 (6.56)West

—<.001HIV status, n (%)

Reference333 (38.18)2228 (86.59)2561 (74.36)HIV negative

0.10 (0.09-0.12)456 (52.36)313 (12.16)769 (22.33)PrEPf or PEPg

0.06 (0.04-0.09)82 (9.34)32 (1.24)114 (3.31)HIV positive

<.001Number of risk criteriah, n (%)

ReferenceReference485 (55.73)756 (29.38)1241 (36.03)2 or more

1.35 (1.08-1.69)3.02 (2.58-3.54)386 (44.34)1817 (70.62)2203 (63.97)Less than 2

—.52PrEP indicatedi, n (%)
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Multivariate OR
(95% CI)

P valuebUnivariate ORa

(95% CI)

Other status
verification

HIV self-testTotalCharacteristics

Reference746 (85.56)2226 (86.51)2972 (86.29)Yes

0.93 (0.75-1.16)125 (14.36)347 (13.53)472 (13.7)No

.003Substance usej, n (%)

ReferenceReference168 (22.78)365 (18.58)533 (15.48)Yes

0.77 (0.60-1.00)1.37 (1.11-1.69)536 (76.13)1597 (81.36)2133 (61.93)No

aOR: odds ratio.
bResults of logistic regression (outcome variable=HIV self-test vs. other HIV verification).
cNot available.
dDenotes missing data.
eEHE: ending the HIV Epidemic priority jurisdictions [15].
fPrEP: pre-exposure prophylaxis.
gPEP: postexposure prophylaxis.
hRisk criteria: (a) inconsistent condom use, (b) HIV-positive partner, and/or (c) bacterial sexually transmitted infection in the past 6 months.
iPre-exposure prophylaxis indication is based on Centers for Disease Control and Prevention’s draft of clinical practice guidelines [16]: HIV negative,
recent anal or vaginal sex, and one of the following: inconsistent condom usage, HIV-positive partner, or bacterial sexually transmitted infection in past
6 months.
jSubstance use: cocaine, meth, or heroin use in past 6 months.

Adjunct Surveys
Response rates to adjunct survey measures were mixed, with
some successful surveys leading to independent publications
[12,13]. Over half of the participants in the cohort responded
to the COVID-19 survey (2182/3444, 67.26%) [13]. The
Truvada lawsuit survey was offered to HIV-negative participants
in the cohort, and again, over half (1485/2555, 58.12%) of those
eligible participated [12]. The survey of eligible youth who did
not enroll had a much lower response rate, with 33 (33/246,
13.4%) of participants completing or partially completing the
survey of the 246 participants who were invited to participate.
The mean age of participants was 18.6 years (SD 1.5). The
majority of participants were cisgender men (21/33, 64%), White
(14/33, 42%), gay (13/33, 39%), had completed high school
(27/33, 82%), and knew their HIV status (30/33, 91%). When
asked about their number one barrier to participate, the most
common response was the HIV testing requirement (13/28,
46%), followed by the length of time to receive the test kit and
payment (6/28, 21%), the length of the survey (4/28, 14%), and
the fact that the study used a website rather than an app (3/28,
11%). HIV testing was particularly a barrier for younger
participants, with a majority (9/11, 82%) of younger participants
reporting HIV testing as their number one barrier, compared
with about one quarter (5/21, 24%) of older participants. When
asked about the best platform to advertise the study on, 58%
(18/31) of participants reported Instagram to be the best
platform, followed by Twitter (5/31, 16%) and Tiktok (3/31,
10%). Most participants agreed (29/30, 97%) that US $20 was
an appropriate compensation for a short survey. Many
participants expressed some privacy concerns, including the
privacy of the HIV testing results (12/29, 41%), privacy in
testing, emailing, and receiving mail from staff (11/30, 37%),
not being out at home as LGBTQ+ (9/29, 31%), and the privacy
of the web-based survey (3/29, 10%).

Discussion

Principal Findings
This evaluation of participants enrolled in the Keeping it LITE
study indicates that electronic methods are feasible for
recruitment of a large, diverse sample of youth and young adults
at risk for HIV. We recruited participants representing a broad
range of racial, ethnic, gender, and economic groups, although
there was limited success in recruiting minor participants. The
original goal of recruiting a sample that contained 20% of
participants under the age of 18 was not achieved, as the final
sample included only 5.95% (205/3444) participants aged <18
years. The racial identity of participants (Table 2) was similar
to the 2019 US census estimates [17], although the sample
included a slightly smaller proportion of White individuals.
Recruitment of transgender and genderqueer participants was
an area of success for this study, especially with the large
number of trans men recruited, a notably understudied
population in HIV research [18,19]. Finally, the study was
successful in recruiting participants who were recently diagnosed
with HIV, as well as those who were using PrEP and PEP. The
rates of PrEP use among HIV-negative participants in this study
(769/3330, 23.09%) were comparable with recent estimates of
PrEP use compiled by the National HIV Behavioral Surveillance
Study [20].

The Keeping it LITE study was 1 of 4 studies funded by the
National Institutes of Health to investigate the implementation
of large-scale digital HIV interventions for sexual minority men
and transgender persons [21-23]. All studies have found success
in recruiting large, web-based samples of individuals at risk for
HIV, including transgender women [21] and sexual minority
men [22]. However, the Keeping it LITE study was able to
recruit a larger sample of minor youth compared with other
studies recruiting youth [22,23] and was the only study to recruit
youth aged 13-15 years. In addition, the only other study that
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included transgender men [23] recruited a much smaller sample
(n=53) than this study (n=277). Thus, although this study did
not meet the recruitment goal for minor participants, recruitment
of minors and transgender men remains a unique contribution
of these methods to the literature.

YAB Successes
The formation and use of YAB was particularly successful in
this study. The success in formation was in part because of
having an established YAB at the sponsoring institution. The
researchers were able to build on the established structure with
additional youth advisors from around the country. In addition,
the researchers used the community guidelines and resources
established by the National Institute of Allergy and Infectious
Diseases–funded HIV/AIDS Network Collaboration and trained
staff to be adult accomplices, learning to work alongside youth
as equal partners. On the basis of this experience, researchers
recommend using and building off existing community
engagement structures and providing research staff
communications training to address health issues among diverse
youth.

Differences Between Recruitment Methods
Most participants were recruited through social media
advertisements (1684/2649, 63.57%), although other methods
were notably effective for recruiting specific populations. For
instance, although word-of-mouth recruitment only accounted
for about 18.83% (499/2649) of overall recruitment, this method
was vital in the recruitment of Black and trans women
participants, leading to the recruitment of nearly half of the trans
women and one-third of Black participants. In addition,
LGBTQ+ apps only recruited about 12.87% (341/2649) of the
overall sample but allowed for the recruitment of individuals
with a higher risk profile than other methods. Finally, having a
variety of recruitment methods was vital to bolster the diversity
of the sample.

Differences in Enrollment Across Demographics
Demographic disparities in enrollment highlighted groups that
may face greater barriers to study participation. There were
lower enrollment rates for participants who were genderqueer,
minors, persons of color (excluding Asian participants), and
not using PrEP or PEP. Of concern, many of these demographic
groups, including Black and Hispanic or Latinx individuals and
those not using PrEP or PEP, are the groups with the greatest
burden of HIV risk. For instance, Black and Latino sexual
minority men accounted for 38% and 33% of new HIV
diagnoses among sexual minority men in 2019, respectively
[24], but of the sexual minority men in this study’s sample, only
13% were Black and 21% were Latinx. Although this study was
not able to recruit a sample that is fully representative of those
with new HIV infections, the sample did match US racial or
ethnic demographics, and included a large number of
gender-diverse participants. The sample also contained a
representative number of PrEP and PEP users based on recent
data on PrEP uptake among sexual minority men [25]. This
speaks to the efforts made to be inclusive and widespread in
the advertisement for the study.

Feasibility of At-home Testing
At-home self-testing, a relatively novel outcome assessment
method for HIV research trials, proved to be an acceptable, and
in fact preferred, method for this sample. The only demographic
group in which the majority did not test with an at-home testing
kit were PrEP and PEP users. This is likely because they were
getting HIV tested as part of their care. In particular, young
participants were much more likely to use at-home testing, with
nearly all minor participants opting to use this method. Trans
men were also more likely to use at-home testing kits, likely
because far fewer trans men in this sample used PrEP or PEP.

Feasibility of Adjunct Surveys
Of the adjunct surveys administered during the course of this
study, surveys assessing the impact of the Truvada lawsuit and
COVID-19 pandemic proved to be easy to administer and
provided useful data quickly on large numbers of participants.
The adjunct survey administered to youth who did not enroll
was less successful because of limited participation. This was
an understandable outcome, given that participants who failed
to engage in the study were likely to also be less engaged with
a follow-up survey. However, it should be noted that this study
design allowed for rapid administration of timely surveys, and
participant response, when surveying enrolled participants, was
efficient and effective.

Adaptations to Barriers in Recruitment of Minor
Participants
Minor participants proved particularly challenging to recruit
for this study because (1) they tended to have fewer HIV risk
behaviors and were therefore less likely to qualify, (2) they were
less likely to enroll if eligible, and (3) there were difficulties in
advertising to minors on some social media platforms (ie,
Snapchat). These barriers were addressed by (1) lowering the
risk profile required to participate for minors, (2) shifting social
media advertising to platforms that allowed advertising to
minors and were commonly used by youth (ie, Instagram), and
(3) adjusting advertisement content to avoid being flagged as
inappropriate. Those who responded to the survey of
nonparticipant youth indicated that the most common barrier
to participating was the HIV testing requirement and the logistics
around it (ie, time to receive kit and privacy concerns). The
challenges of recruiting minor participants for this study
reflected the researchers’ previous experience that younger
participants need a larger number of touchpoints in longitudinal
studies: more frequent personal interaction, more frequent
reminders, and more practical help with study procedures than
older participants [26].

Conclusions
The results of enrollment for the Keeping it LITE study indicate
that limited interaction recruitment is feasible and well accepted
among youth and young adults at risk for HIV. The study was
able to quickly enroll a large cohort that broadly reflects the
demographics of HIV infections in the US, though enriched for
trans- and gender-nonconforming individuals. Several significant
barriers to the limited interaction enrollment of adolescent
participants were identified. Although some of these barriers
were overcome with creative recruitment methods and input
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from the YAB, remote enrollment, and particularly at-home
HIV testing, are not likely to be successful in enrolling minors
at risk for HIV.

Although this cohort study was designed to specifically address
HIV incidence and prevention, the framework developed for
this study could also be used to investigate social and behavioral
epidemiological research questions for sexual and gender
minority youth that go beyond HIV. It could also be adapted to
use mixed methods, such as incorporating survey questionnaires
with open-ended questions, and recruiting a large enough cohort
to power inter- and intracategorical intersectional analyses.
Regardless of future adaptations, the current implementation
demonstrated that consistency is important for retention, such

as regular communication with participants, adjusting procedures
in response to participant feedback, and updating study
incentives to align with participant preferences.

Going forward, this unique cohort will provide invaluable data
to inform prevention strategies and to articulate the best
methodologies for limited interaction research. We intend to
meticulously characterize factors that put youth and young
adults at risk for HIV but also describe the personal and
environmental characteristics associated with healthy behaviors
and successful choices as participants mature. Our aims include
thorough characterization of PrEP attitudes, uptake and
adherence, and the predictors of successful navigation through
the HIV continuum of care for youth.
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STI: sexually transmitted infection
YAB: youth advisory board
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Abstract

Background: Technology can benefit older adults in many ways, including by facilitating remote access to services,
communication, and socialization for convenience or out of necessity when individuals are homebound. As people, especially
older adults, self-quarantined and sheltered in place during the COVID-19 pandemic, the importance of usability-in-place became
clear. To understand the remote use of technology in an ecologically valid manner, researchers and others must be able to test
usability remotely.

Objective: Our objective was to review practical approaches for and findings about remote usability testing, particularly remote
usability testing with older adults.

Methods: We performed a rapid review of the literature and reported on available methods, their advantages and disadvantages,
and practical recommendations. This review also reported recommendations for usability testing with older adults from the
literature.

Results: Critically, we identified a gap in the literature—a lack of remote usability testing methods, tools, and strategies for
older adults, despite this population’s increased remote technology use and needs (eg, due to disability or technology experience).
We summarized existing remote usability methods that were found in the literature as well as guidelines that are available for
conducting in-person usability testing with older adults.

Conclusions: We call on the human factors research and practice community to address this gap to better support older adults
and other homebound or mobility-restricted individuals.

(JMIR Form Res 2021;5(11):e26181)   doi:10.2196/26181

KEYWORDS

mobile usability testing; usability inspection; methods; aging; literature synthesis; usability study; mobile usability; elderly; older
adults; remote usability; mobility restriction

Introduction

The Need for Remote Operations
Technology can support access to services, communication,
and socialization for older adults and others whose mobility is

restricted due to health-related risks such as susceptibility to
disease (eg, COVID-19), disability, and a lack of resources (eg,
transportation). However, the delivery, support, and evaluation
of technologies that are used by homebound or
mobility-restricted individuals require remote operations,
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including remote usability testing. Herein, we review the unique
needs and technology opportunities of homebound older adults
and the literature on remote usability testing methods. Based
on our findings, we identified a gap in guidance for remote
usability testing with older adults. Therefore, we call on relevant
research and practice communities to address this gap.

Supporting Homebound Individuals With Technology
Over 2 million Americans are homebound due to an array of
social, functional, and health-related causes, and this number
is projected to grow as the size of the older population increases
[1]. Situational factors such as inclement weather and, on a
larger scale, pandemics or national disasters can also temporarily
render individuals homebound. For example, in March 2020,
the US Centers for Disease Control and Prevention [2] warned
older adults to remain at home due to the disproportionate
COVID-19–related health risks that they face. Prior to the
pandemic, an estimated 1 in 4 older US adults were already
socially isolated, and this rate has likely increased [3].

People who shelter in place or stay home for other reasons may
turn to technology to access remote services, including remote
banking, grocery shopping, and medical care services. The
prevalence of these physically distant interactions is reportedly
on the rise [4], especially for certain services. A prominent
example is the increased frequency of patients’ telemedicine
visits with health care professionals—a form of telehealth that
has been long available but whose usage has increased
dramatically in the United States, as the COVID-19 pandemic
resulted in changes to federal reimbursement policies in March
2020 [5].

Testing Technology With Homebound Technology
Users
When technology users are homebound, researchers and care
practitioners who intend to test a technology’s usability in an
ecologically valid manner must either travel to the user’s home
or conduct remote testing. Travel is not always an option. Safety,

health, or personal reasons may prevent researchers from
entering a home or community. Travel may be too costly or
otherwise impractical, or participants may live in an area that
is inaccessible to the project team. During the COVID-19
pandemic for example, academic and practice-based project
teams have anecdotally reported barriers to in-person visits,
including the need to distance themselves from infected and
at-risk individuals, members of project teams working from
home, and the need to reduce travel expenses due to economic
pressures. Even if in-person visits are possible, remote testing
can also be more convenient and cost-efficient for all parties
involved.

Methods

We performed a rapid review of studies involving remote
usability testing methods for all users and those specifically for
older adults and summarized their findings. Rapid reviews are
an accepted knowledge synthesis approach that has become
popular for understanding the most salient points on emerging
or timely topics [6]. Rapid reviews typically do not include an
exhaustive set of studies, do not involve formal analyses of
study quality, and report findings from prior studies via narrative
synthesis [7]. The primary goal of this review was to identify
methods for performing remote usability assessments with older
adults (if any existed). Secondarily, we wished to summarize
the literature on existing remote usability methodologies for
any population and existing guidelines on performing in-person
usability testing with older adults. Sources for the second goal
were largely retrieved while searching for sources to support
the primary goal and via a secondary search within Google
Scholar.

Our rapid review began with a keyword search on the Google
Scholar and Science Direct scholarly databases. This was
followed by a supplementary keyword search in top human
factors journals and proceedings. Both searches are summarized
in Table 1.
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Table 1. Keywords that were searched for the rapid review.

KeywordsSearch type and sources

Primary search

elderly remote usability, senior remote usability, and older adult
remote usability

Google Scholar (database)

elderly remote usability, senior remote usability, and older adult
remote usability

Science Direct (database)

Secondary search

elderly remote usability, senior remote usability, and older adult
remote usability

Ergonomics

elderly remote usability, senior remote usability, and older adult
remote usability

Human Factors

elderly remote usability, senior remote usability, and older adult
remote usability

Applied Ergonomics

elderly remote usability, senior remote usability, and older adult
remote usability

Human Factors and Ergonomics Society Conference Proceedings

elderly remote usability, senior remote usability, and older adult
remote usability

International Journal of Human-Computer Interaction

elderly remote usability, senior remote usability, and older adult
remote usability

International Journal of Human-Computer Studies

elderly remote usability, senior remote usability, and older adult
remote usability

Gerontechnology

usability older adults, elderly usability, senior usability, and
remote usability

Google Scholar (database)

We began with Google Scholar to take advantage of its
relevance-based sorting feature and broader inclusion of diverse
disciplines, academic and practice-based publications, and grey
literature [8]. However, we conducted further searches because
of the known limitations of Google Scholar, such as its lack of
transparency and lack of specialization [9].

In the interest of establishing a starting point for understanding
remote usability testing with older adults, we had broad
inclusion criteria and did not restrict studies based on their date
of publication or an analysis of their quality or peer-review
status. We also defined remote usability broadly as usability
assessments of participants (users) who were in separate
locations from the researchers or practitioners. Duplicate studies,
as well as studies in which usability was assessed by an expert
(eg, heuristic analysis on a website) on behalf of older adults
instead of through direct participant feedback, were excluded.

Two authors (JRH and JCB) performed the search in Google
Scholar while one author (JCB) performed the search in Science
Direct and the human factors sources. Both authors took notes
in a shared cloud-based document. We chose a stopping rule
based on the assumption that a narrative synthesis of literature
is a form of qualitative content analysis [10]. Therefore, we
concluded our search when we reached theoretical saturation
[11]—a qualitative analysis stopping rule that means that the
search continues until results begin to repeat and negligible new
categories of information are produced through additional
searching.

Results and Discussion

Summary of the Search Results
Of all of the sources found, 33 were screened in-depth (18 on
remote usability methods and 15 on usability testing with older
adults), and 21 were included in this review (16 on various
remote usability methods and 5 on usability testing with older
adults).

Importantly, sources that provided guidance or information on
remote usability testing with older adults (the primary goal of
this review) were not found. Therefore, we organized the results
according to our secondary goals—summarizing existing
methods for remote usability testing and outlining existing
guidelines for in-person usability testing with older adults. In
this Results and Discussion section, we combined the results
with our interpretations and discussion to adhere to conventions
for narrative reviews. We also present our overall conclusions
in the Conclusions section.

Usability-In-Place: The State of the Practice of Remote
Usability Testing
Studies on remote usability testing date back to the 1990s
[12,13]. Since then, most traditional in-person usability
evaluation methods have been attempted remotely. Remote
moderated testing has been supported by advances in
internet-based software, such as WebEx and NetMeeting, which
permit simultaneous video and audio transmissions, screen
sharing, and remote control [14,15]. Studies have also used
novel methods, such as using virtual reality to simulate
laboratory usability testing environments [16] and remotely
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capturing eye-tracking data [17]. Technologies for unmoderated
testing have also evolved, as described elsewhere [18].

Asynchronous methods have long been used to overcome the
barriers of time and space. Such methods include conducting
self-administered survey questionnaires, using user diaries and
incident reports, and obtaining voluntary feedback [19]. Studies
have also used activity logging to passively collect use data for
analyzing usability [20].

The major remote usability testing methods are described in
Table 2 along with key findings from the literature. An important
replicated finding was that the results from remote and in-person
usability testing were generally similar, although significant
differences may have appeared under extenuating circumstances,
such as poor product usability or the cognitive difficulty of the
usability testing tasks [21].

Table 2. Remote usability testing methods and key findings.

Key findingsDescriptionRemote usability testing method

In-person testing is simulated by
using video and audio transmissions
and remote desktop access.

Synchronous remote testing
[14,15,20-23]

• Nearly identical to conventional in-person testing (with comparable re-
sults) [14,21-23]

• Indirect cues and context can be missed [20]
• Participants can prefer remote testing to in-person testing [22]
• Management challenges (eg, network issues, remote troubleshooting,

and setup) [15,20,22]
• Users take longer to complete tasks than during in-person testing [15]
• Users make more errors than during in-person testing [15]

Users fill out web-based question-
naires as they complete tasks or af-
ter the completion of tasks.

Web-based questionnaires or
surveys [14,20,21]

• More time-consuming for usersa [14]
• Less time-consuming for users than lab-based usability testing when

usability is poora [21]
• Overall usability rated lower when compared to lab-based usability

testing [21]
• Identifies fewer specific usability problems [14]
• Enables the collection of data from many participants [20]
• Validity problems with the self-report approach [20]

Users are interviewed over the
phone about the usability of a design
(qualitative and quantitative data are
collected) after they have completed
tasks.

Postuse interview [24] • Beneficial for those with disabilities
• Quantitative data collected are comparable to in-person testing data
• Qualitative data are less rich compared to in-person testing data
• In-person testing is better for formative testing; remote testing is better

for summative evaluation

Users fill out a diary and take notes
during a period of use or fill out an
incident form when they identify a
critical problem with an interface.

User-reported critical incidents
or diaries [12,13,19,20]

• Able to capture most high- and moderate-severity incidentsa [12,13]
• Users report fewer low-severity incidents than experts [12,13]
• Validity problems with self-reports [20]
• Issues may be underreported compared to those reported via traditional

methodsa [19]

While completing timed tasks, users
provide comments or feedback in a
separate browser window. Once a
task is complete, the user rates the
difficulty of the completed task.

User-provided feedback [25] • The percentage of participants who completed remote testing tasks was
the same as the percentage of participants who completed in-person
testing tasks

• No difference in the time taken to complete tasks
• Able to capture rich qualitative information through typed comments
• Less observation data captured compared to those captured during in-

person testing
• Captured fewer usability issues in some cases compared to those captured

during in-person testing

The actions taken by the user (eg,
clicks) are captured for future analy-
sis.

Log analysis [20] • Less intrusive to user
• Can collect data from many users
• Unable to capture user intentions or additional context

aConflicting evidence has been found to support both the statement and its opposite in the literature.

The following general benefits of remote usability testing
methods were identified:

• Does not require a facility, thereby reducing the time
requirements of participants and evaluators and lowering
costs [20]

• Can recruit participants from a broader geographic vicinity,
thereby allowing evaluators to collect results from a larger
and more diverse group of people (including those living
in other countries or rural areas or those who are otherwise
isolated) [14,23]
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• Allows participants to test technologies in a more realistic
environment. For example, Petrie et al [24] had people with
disabilities perform remote usability testing from the
comfort of their own homes. The benefits thereof include
the use of a home-based environment that is almost
impossible to perfectly replicate in a lab.

Several drawbacks were also described, as follows:

• General agreement that remotely collecting data results in
a loss of some of the contextual information and nonverbal
cues from participants that are collected during in-person
evaluations [15,20,22,24,25]

• Remote usability methods (especially asynchronous
methods) appear to result in the identification of fewer
usability problems, cause users to make more errors during
testing, and are more time-consuming for users [14,15].
However, test participants identified about as many usability
issues as those identified by the evaluators, but the
participants’ categorization of the identified usability
problems were deemed not useful. Contrarily, this was not
found by Tullis et al [25] when they compared lab-based
usability testing against remote usability testing.

• Dray and Siegel [20] also listed validity problems with
self-report methodologies, the inability of log files to
distinguish the cause of navigation errors, and management
challenges related to troubleshooting network issues and
ensuring system compatibility as other drawbacks of remote
usability testing. 

• Many of the factors that may affect the validity, reliability,
or efficiency of remote usability testing have not been
scientifically studied [26]. These include factors such as
the characteristics of users (eg, age and literacy), the effect
of slow or unstable internet, the type of devices being used,
and testing tactics (eg, verbal, printed, or on-screen
instructions).

No matter the method, remote usability testing also involves
challenges to implementing the methods in natural contexts,
namely in home and community settings [27,28]. These
challenges include recruiting a representative sample, especially
among populations that may be less comfortable with using
certain technology, have lower literacy, or are mistrustful of

research [26]. McLaughlin and colleagues [26] proposed
strategies such as providing access to phone support prior to
the start of any web-based testing.

Remote Usability Testing With Older Adults
Prior work on remote usability testing has been performed with
convenience samples of college students [13,14] or healthier
and younger adults recruited from workplaces [22,23,25]. We
found no published instance of fully remote usability testing
with older adults. Diamantidis et al [29] conducted a test of a
mobile health system with older individuals with chronic kidney
disease. Participants received an in-person tutorial of the system;
they used the system at home, received physical materials by
mail, and completed a paper diary. Afterward, they returned to
complete an in-person satisfaction survey. Petrie et al [24]
reported 2 case studies of remote usability testing—one with
blind younger adults (n=8) and another with a more
heterogeneous group of individuals with disabilities (n=51).
They demonstrated the feasibility of remote testing and showed
comparable results between in-person and remote testing,
although in-person participants in the second study reported
more usability problems with the tested website.

Others have described ways to improve in-person usability
testing with older adults that may be transferable to remote
methods. For example, touch screen devices and hardware that
is selected for simplicity may produce better usability testing
results with older adults [30-32] and can therefore reduce
barriers to remote usability testing. Additionally, the use of
large closed captions during a remote testing session has been
recommended for older users with visual or hearing
impairments. Holden [33] published a Simplified System
Usability Scale that was modified for and tested with older
adults and those with cognitive disabilities but did not
demonstrate its use in remote testing.

Older adults in remote usability tests may also benefit from
non–age-specific strategies for optimizing remote usability
testing [34]. These recommendations, which are summarized
in Figure 1, include mailing a written copy of instructions,
conducting web-based training prior to testing sessions, and
sending reminders.
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Figure 1. General guidelines for conducting moderated remote usability testing (adapted from the Nielsen Norman Group [34]).

Conclusions

Our rapid review and synthesis of the literature revealed that
remote usability testing still appears to be an emerging field
[26] whose great potential is accentuated during major events,
such as the COVID-19 pandemic. The decision to pursue the
further development of and research on remote usability testing
is straightforward, given the apparent advantages, validity, and
feasibility of remote usability testing and the need for the
method.

The method however must be adapted to and tested with older
adults. The use of technology for remote services among older
adults in the United States has been increasing [35,36], as has
older adults’ proficiency with internet-based technology [37].
A Pew Research Center national survey reported increases in
internet use (from 12% to 67%) and the adoption of home
broadband (from 0% to 51%) from 2000 to 2016, as well as
increases in smartphone (from 11% to 42%) and tablet (from
1% to 32%) ownership from 2011 to 2016 [4]. However, the
older adult population is diverse and has different needs

compared to those of other groups when it comes to technology
and the usability testing of technology. US adults aged 65 years
are more likely than their younger counterparts to experience
difficulties with physical or cognitive function, including
reduced memory capacity, stiff joints or arthritis, and vision or
hearing disability [38,39]. These factors and the discomfort with
or reduced motivation to use technology elevate the importance
of usability testing [40] but ironically may increase the difficulty
of conducting remote usability testing. Additional
recommendations and best practices will thus be needed to
ensure effective and efficient remote usability testing with older
adults.

We call on human factors, human-computer interaction, and
digital health communities to further develop, describe, and test
remote usability testing approaches that will be suitable across
diverse populations, including older adults, those with lower
literacy or health literacy, and individuals with cognitive or
physical disabilities. Progress toward this goal will not only
better support homebound or mobility-restricted individuals but
may also improve the efficiency, ecological validity, and
effectiveness of usability testing in general.
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Abstract

Background: There is scant insight into the presence of nuclear medicine (NM) and nuclear radiology (NR) programs on social
media.

Objective: Our purpose was to assess Twitter engagement by academic NM/NR programs in the United States.

Methods: We measured Twitter engagement by the academic NM/NR community, accounting for various NM/NR certification
pathways. The Twitter presence of NM/NR programs at both the department and program director level was identified. Tweets
by programs were cross-referenced against potential high-yield NM- or NR-related hashtags, and tabulated at a binary level. A
brief survey was done to identify obstacles and benefits to Twitter use by academic NM/NR faculty.

Results: For 2019-2020, 88 unique programs in the United States offered NM/NR certification pathways. Of these, 52% (46/88)
had Twitter accounts and 24% (21/88) had at least one post related to NM/NR. Only three radiology departments had unique
Twitter accounts for the NM/molecular imaging division. Of the other 103 diagnostic radiology residency programs, only 16%
(16/103) had a presence on Twitter and 5% (5/103) had tweets about NM/NR. Only 9% (8/88) of NM/NR program directors were
on Twitter, and three program directors tweeted about NM/NR. The survey revealed a lack of clarity and resources around using
Twitter, although respondents acknowledged the perceived value of Twitter engagement for attracting younger trainees.

Conclusions: Currently, there is minimal Twitter engagement by the academic NM/NR community. The perceived value of
Twitter engagement is counterbalanced by identifiable obstacles. Given radiologists’ overall positive views of social media’s
usefulness, scant social media engagement by the NM community may represent a missed opportunity. More Twitter engagement
and further research by trainees and colleagues should be encouraged, as well as the streamlined use of unique hashtags.

(JMIR Form Res 2021;5(11):e24448)   doi:10.2196/24448

KEYWORDS

social media; Twitter; radiology; nuclear medicine; nuclear radiology; social network; medical education; networking

Introduction

Social media use among adults in the United States has increased
substantially over the last decade, with the percentage of people
who use at least one social media account doubling from 36%
in 2009 to 72% in 2019 [1]. As with the general population

trends, there has been a burgeoning use of social media by health
care professionals, including radiologists. Although early
research on the use of social media focused on physician-patient
communication, the same enthusiasm is now developing for
professional networking, education, and peer engagement. In
recent surveys, 60%-85% of radiologist respondents
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acknowledged using social media for a mix of professional and
personal purposes [2,3]. Specifically, social media is more
popular among medical students and radiology trainees; they
aim to use it for education, information gathering, informal
engagement, and mentorship opportunities with experienced
faculty members [4]. Of all the social media platforms offering
unique features to engage with a wider audience online [5],
Twitter is particularly popular for professional use as it allows
real-time, multilateral online conversations, and sharing of a
wide range of content [6]. Both program directors as individuals
and academic radiology departments as group entities are
increasingly receptive to Twitter as an effective medium for
academic activity; this includes radiology education, recruitment
of future faculty and trainees, peer networking, and opportunities
for collaboration and engagement on the basis of similar interests
[7-9].

As a specialty, nuclear medicine (NM) and Molecular Imaging
is complex as there are several pathways to achieve posttraining
certification in NM or nuclear radiology (NR). Physicians and
scientists—both those trained in radiology and those not trained
in radiology—pursue the various training pathway options in
the United States [10]. Currently, training pathways include the
following: (1) a traditional NM residency program embedded
within the radiology department (~39 programs as of 2019), (2)
a 1-year NR fellowship after diagnostic radiology training, and
(3) a dual pathway comprising 16 months of NR training
integrated into a diagnostic radiology (DR) or intervention
radiology residency (~50 DR programs and 1 intervention
radiology program as of 2019). Despite attempts to increase the
number of physicians entering NM/NR by reforming training
requirements, a recent survey found a lack of exposure to NM
and NR among medical students and early radiology residents
[11], with reinforced calls to improve outreach efforts to medical
students and radiology residents [11,12].

Although these two developments as described are separate, we
propose that social media may represent an opportunity and
serve as a resource that the academic NM/NR community can
use for outreach efforts aimed at attracting future trainees.
However, to our knowledge, there is very little information on
the presence of NM and NR programs on social media,
specifically Twitter.

Social media analytics tools such as Symplur allow codifying
of data through ontology hashtags on Twitter [13]. These
ontology hashtags aid in the topical organization of tweets,
thereby channeling overwhelming amounts of data into more
relevant and consumable data streams. The radiology tag
ontology project was devised in 2015 as an initiative specifically
aimed at codifying a list of radiology-related hashtags that
people can use to tag social media content so that it may be
discovered by others with similar interests [13].

Our purpose was to assess Twitter engagement by academic
NM/NR programs in the United States, and to further
characterize the value proposition of social media use in this
specialty.

Methods

Institutional Review Board approval was deemed not necessary
for this study as it is an internet-based study accessing publicly
available information. We compiled a composite list of programs
that offered NM residency, NR fellowships, and dual DR/NR
pathways and radiology residencies for 2019-2020, obtained
from the American Board of Medical Specialties, the American
Board of Nuclear Medicine (ABNM), the Accreditation Council
for Graduate Medical Education, and the Electronic Residency
Application System [14-16]. If a program offered more than
one training pathway, it was counted only once and was grouped
into NM residency, NR fellowship, and DR/NR residency in
decreasing hierarchical order. The list of program directors for
NM residencies, fellowship directors for NR fellowships,
program directors for DR programs, and NR division chief
preceptors for the 16-month DR/NR pathway was obtained
through the same online sources, as well as the American Board
of Radiology (ABR); we also used individual radiology program
websites for any missing data [15,16].

In December 2019, a manual search for Twitter handles was
done for each of these radiology programs, followed by
consensus reconciliation by a radiology fellow and a radiology
resident. The search process was iterative, using the “Search,”
“Top,” and “People” features of Twitter. The Twitter presence
of a training program was considered positive if the program
had a Twitter handle (account) for the radiology department or
radiology residents. If a program had additional Twitter handles
specifically for its NM/NR division, it was noted separately. A
manual search using the “Search” and “People” features was
also done to identify individual Twitter handles of program
directors for NM residencies, fellowship directors for NR
fellowships, program directors for DR programs, and/or NR
division chairs for those programs only offering DR/NR
pathways. These individuals are collectively referred to as
program directors throughout. A program director Twitter
presence was considered positive if any of the above individuals
meeting the definition of a program director had an individual
Twitter account. For general radiology residency programs that
do not offer NM/NR training pathways but have a NM/NR
division, the NM division chiefs were considered as surrogates
for a program director to measure Twitter presence (ie, if the
division chair had a Twitter handle, it was considered equivalent
to program director Twitter presence, even if the division did
not offer NM or NR certification). The search was done by two
people to improve yield and minimize data deletion.

We then conducted a search cross-matching all potential NM-
or NR-related hashtags (Table 1) for each program with a
Twitter handle and for program directors with Twitter accounts.
These hashtags were selected to broadly encompass the different
aspects of this specialty; we also included hashtags used by the
Society of Nuclear Medicine and Molecular Imaging (SNMMI)
in its tweets. A post by a program with any of these tags between
January-December 2019 was considered as positive for NM-
or NR-related Twitter activity, irrespective of the number of
tweets. Similarly, program director Twitter activity was defined
as at least one NM- or NR-related tweet by the program director
in the year 2019. Although this search was done for all potential
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combinations of hashtags related to NM/NR, #nucmed and
#molrad are the only radiology ontology hashtags currently
catalogued by the social media analytic tool Symplur [13]. A
further subanalysis of individual tweets for the month of
December 2019 was done using Symplur and the contents of
tweets were categorized as related to radiology education, patient
education, departmental promotion, conference talks or lectures,
research, and peer networking. Lastly, we conducted a brief
survey to assess trends with respect to factors that would

obstruct or facilitate NM/NR physicians’ engagement on social
media. A SurveyMonkey survey was sent to all email addresses
for NM/NR programs available through the Nuclear Medicine
Program Directors Association (NMPDA). In total,
approximately 45 physicians or program staff were contacted.
The survey was anonymized but it allowed the respondents to
self-identify as a program director, associate program director,
program faculty, or program coordinator. The survey questions
are enumerated in Multimedia Appendix 1.

Table 1. List of potential nuclear medicine and nuclear radiology hashtags queried to measure the Twitter presence of academic radiology programs.

Reason selectedTwitter hashtag

Hashtag for nuclear medicine mentioned in the radiology ontology project#nucmed

Hashtag for molecular imaging mentioned in radiology ontology project#molrad

Full expansion of subspecialty#nuclearmedicine

Full expansion of subspecialty#nuclearradiology

Full expansion of subspecialty#molecularimaging

Popular hybrid imaging modality#petct

Upcoming hybrid imaging modality#petmri

Used by Society of Nuclear Medicine and Molecular Imaging in its tweets to promote the field#precisionmedicine

Used by Society of Nuclear Medicine and Molecular Imaging in its outreach tweets to promote the field#precisionimaging

Hashtag used to promote Free and Open Access to Medical Education (FOAM) on Twitter, considered synonymous
with education

#FOAM #nucmed

Hashtag used to promote Free and Open Access Medical Education, considered synonymous with radiology trainee
education

#FOAMrad #nucmed

Results

For 2019-2020, 39 unique programs were included under NM
residency, 15 under NR fellowship, and 34 under the DR/NR
category. The 34 programs in the DR/NR category only offered
the DR/NR pathway without NR fellowships. Thus, 88 radiology

programs offered training pathways to certification in NM or
NR. Of the other 103 radiology residencies, the residents may
have only been exposed to NM rotations as part of their
radiology residency, without a formal pathway for certification.
The results for Twitter engagement by radiology programs and
program directors are summarized in Table 2.

Table 2. Summary of Twitter activity related to nuclear medicine or nuclear radiology for radiology programs in 2019-2020.

Other radiology residen-
cies (n=103), n (%)

Dual DRc/NR path-
way (n=34), n (%)

NRb fellowship
(n=15), n (%)

NMa residency
(n=39), n (%)

Activity

16 (16)14 (41)8 (53)24 (62)Radiology Twitter handle

0 (0)0 (0)0 (0)3 (8)NM- or NR-specific Twitter handle

5 (5)4 (9)4 (27)13 (33)Radiology handles tweeting about NM- or NR-related content

0 (0)0 (0)4 (27)3 (8)Program directors with Twitter handles

0 (0)0 (0)1 (7)2 (5)Program directors tweeting about NM- or NR-related content

aNM: nuclear medicine.
bNR: nuclear radiology.
cDR: diagnostic radiology.

Out of all programs offering NM/NR training pathways, 46/88
(52%) had radiology accounts on Twitter but only 3/88 (4%)
had an exclusive Twitter handle for NM or NR. Of these 88
programs, 21/88 (24%) had at least one tweet related to NM/NR.
However, programs offering only DR/NR pathways were less
likely to have tweeted about NM- or NR-related content (4/34,
9%) than NM residencies (13/39, 33%) and NR fellowships
(4/15, 27%; Table 1). Of the other 103 radiology residencies,

16/103 (16%) had Twitter handles for radiology, with only
5/103 (5%) tweeting about NM- or NR-related content. The
program directors’ presence was also low as only 7/88 (8%)
NM/NR program directors had Twitter handles. None of the
NM division chiefs from the other 103 radiology residencies
had an identifiable Twitter handle. Only 3/191 (2%) of program
directors actively tweeted about NM/NR (Table 2).
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A content-based subanalysis of NM- and NR-related tweets in
December 2019 cross-referenced against hashtags revealed 6
primary tweets by 3 programs for #nucmed, 5 of which were
related to NM talks at the annual meeting of the Radiology
Society of North America (RSNA), while the remaining tweet
was related to department promotion. There were no tweets for
the radiology ontology hashtag #molrad but there were 6
tweets/retweets by 6 departments for #molecularimaging, related
to RSNA talks and department lectures (n=5) and department
promotion (n=1). There were no tweets by academic NM/NR
programs with other hashtags such as #precisionmedicine,
#precisionimaging, #nuclearmedicine, #FOAMRad #nucmed,
and #FOAMed #nucmed. There were also no tweets by NM/NR
programs related to radiology education, patient education,
research activities, and peer networking.

The brief survey sent to NM/NR faculty and staff via NMPDA
contacts further characterized the status of social media use.
Overall, one-third of the people contacted (15/45) responded to
the survey. The majority of respondents (12/15, 80%) confirmed
that they did not have a Twitter handle for their role in their
training program; only 3 (20%) had Twitter handles. The
majority (11/15, 73%) also confirmed that their programs did
not have a unique Twitter handle for their radiology department
or NM/NR divisions; only 4 respondents said that their programs
had unique Twitter handles. When forced to rank the deterrents
to engagement on Twitter, all the listed issues were considered
relevant, with no dominant hurdle (Table 3). Despite these
perceived hurdles, the 15 respondents thought that the most
compelling reason for social media use may be the perceived
value of social media for engaging the younger generation of
trainees (Table 4).

Table 3. Forced ranking of reasons not to use Twitter.

Score (1=lowest, 5=highest)Reason

3.3Limited resources (assistance from staff/time to do the work)

3.6Lack of clarity of value of social media in education

3.4Lack of expertise among the program director, associate program director, and coordinator

2.6Another Twitter handle already provides some coverage for this training program

2.7Negative prior social media experience in a professional setting

Table 4. Forced ranking of reasons for using Twitter.

Score (1=lowest, 5=highest)Reason

4.6Perceived value of social media for the younger generation of trainees

2Free marketing

3.2Effective way to highlight your training program

2.2Networking with other programs/organizations

2.9Follow trends in education in your subspecialty

Discussion

This study aimed to measure Twitter engagement by academic
NM and NR programs in the United States during 2019-2020.
Despite 88 programs offering potential pathways to ABNM or
ABR NR subspecialty certification, only 3 programs had
exclusive handles for the NM division. Although just over half
of the 88 programs (n=46, 52%) had a Twitter handle for the
broader radiology department, less than one-fourth (n=21, 24%)
of all programs tweeted about content related to NM or NR in
2019. The programs offering only DR/NR pathways tweeted
about NM- and NR-related content much less than other NM
residencies and NR fellowships. Other radiology residencies
without NM or NR training pathways also had low Twitter
presence (16/103, 16%) and lower Twitter activity related to
NM or NR content. Additionally, only 8% (7/88) of NM/NR
programs had a DR/NR program director available on Twitter.
These findings indicate that there is a substantial missed
opportunity for reaching out to or networking with future
trainees, a group that has been shown to be open to using social
media in their professional development. Although it may not

always be possible—or may even be against existing
institutional policies—to allow separate Twitter handles for
individual divisions of a department (eg, NM/NR), the overall
paucity of Twitter handles for academic NM/NR programs as
well as general radiology programs is somewhat remarkable.

The findings of this study are particularly relevant given recent
reports of the increasing workforce demand for NM
professionals. When juxtaposed against the lack of early
exposure and awareness of NM/NR training among medical
students and even radiology residents [11,12], it seems NM as
a field is not availing itself of a potential method to engage the
increasing number of medical students (#medstudents,
#medstudentTwitter) and future radiology residents
(#futureradres) who are turning to Twitter in an effort to gather
information about residency programs [17]. Thus, there is an
inherent need for NM/NR academic programs to improve their
presence on social media sites such as Twitter and aim for
greater online visibility of their own programs. Having more
information about NM/NR as a subspecialty and offering
engagement opportunities for mentorship, electives, education,
and research experiences will not only benefit the current cohort
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of trainees but also build the foundation for future development
of the subspecialty. Ultimately, both will directly benefit patients
by addressing the existing and increasing demand for NM/NR
physicians.

A brief survey done after the analysis of the preliminary data
attempted to elicit which common issues may be hurdles for
the NM/NR academic community in increasing their social
media presence. Although only one-third of people contacted
(15/45) responded to the survey, the results are helpful to
highlight both the challenges and the benefits to social media
use. The respondents included program directors, associate
program directors, faculty members, and program staff. The
respondents confirmed our observation that most programs and
program directors do not have unique Twitter handles for their
programs. When asked to do a forced ranking of potential
reasons to not use Twitter, lack of clarity on the value of social
media, lack of expertise, and limited resources to engage on
social media were commonly cited by the respondents (Table
3). Although lack of resources is a common issue in many
academic operations, the lack of expertise with social media
and prior personal negative experiences on social media are
also deterrents. Despite these hurdles, the 15 respondents
believed that social media could be valuable for engaging the
younger generation of trainees (Table 4).

Though our findings demonstrate the limited social media
presence of academic NM/NR and DR/NR programs, the general
trend of increased use of social media in health care suggests
that this specialty may yet find value in increased social media
engagement. There are some specific steps that can be taken to
make social media use more valuable for the NM/NR
community in the future: (1) streamlined consensus use of
hashtags, (2) co-opt professional societies to lead the hashtag
initiative, and (3) continue to study utilization of social media
at the group level in NM/NR in the context of general health
care–related use and provide ongoing feedback to our
professional community.

Future work may consider each of these value propositions. As
part of greater Twitter engagement by the academic NM/NR
community, streamlining hashtags related to NM/NR (as
summarized in Table 1) and more consistent use of these
hashtags may promote aggregation of NM/NR content and more
efficiently connect people looking for this information [18-22].
Although #nucmed and #molrad have found a place in the
radiology ontology, not all tweets related to NM/NR use these
hashtags. This may be because the few hashtags listed in the
radiology ontology project were not developed by nuclear
radiologists, resulting in a lack of awareness of these hashtags
among those in the field of radiology. Further, while the SNMMI
(@SNM_MI) often uses #nuclearmedicine and
#precisionmedicine in tweets, they have not used #nucmed and
#molrad. The American College of Nuclear Medicine and its
Nuclear Medicine Resident Organization (@nmroacnm) could
consider collaborating with other professional societies with
wider Twitter impact, such as the American College of
Radiology (ACR), in promoting their specialty. Another option
could include reaching out to the Association of Program
Directors in Radiology (@theAPDR) to advocate for more

frequent discussion of NM/NR and DR/NR training pathways
online and specifically seeking out opportunities to engage
medical students and radiology residents early in their training.
NM societies such as the SNMMI should also consider leading
the community in increasing social media engagement. Just as
the RSNA and the ACR focused substantially on social media
at their recent annual meetings [20,23], the SNMMI may
consider planning sessions focused on harnessing the potential
power of social media both during NM society meetings and
for ongoing conversations.

This study has several limitations. First, this is a preliminary
study that only evaluated engagement on Twitter; other social
media networks were not evaluated. We also did not compare
the engagement of academic NM with other related specialties
such as medical oncology, radiation oncology, and nuclear
cardiology, which comprise the top three specialties allied with
NM. However, we assessed the lack of engagement against the
backdrop of the broad inherent possibility of potential
professional interactions at large. We were only able to perform
a content-based subanalysis for one month using the free version
of Symplur and our search process was manual. We also did
not assess the number of followers each program had, or the
retweets or social media influence of tweets themselves.
Although social media use is higher among younger trainees
and medical students [24], we did not have the means to readily
correlate the age of program directors, the size of programs,
and the number of trainees enrolled as these data are not freely
available. These limitations also highlight the general need for
more rigorous analytics on social media use in health care. We
only considered tweets and retweets by academic NM/NR
programs and did not include tweets by people in private
radiology practice, scientists, and industry partners who may
have higher levels of engagement on Twitter [25]. However, if
any of these tweets were retweeted by a particular academic
radiology program, it was considered as positive for Twitter
presence for that program. The survey did not have a free-text
option to capture other responses. Further studies with a broader
scope are needed to address each of these limitations. A survey
with a larger sample size and a qualitative or free-text
component may help us develop a better understanding of
barriers to and reasons for social media use in the NM/NR
community.

There is currently very little Twitter engagement by the
academic nuclear medicine community. This is adequately
corroborated by scan data of Twitter use and our attempt to
survey faculty in the discipline. Although there are identifiable
obstacles, the responses by NM faculty and staff as well as the
general trend of increased social media use among medical
students substantially support the perceived value in increasing
social media engagement in imaging specialties. A more
in-depth investigation in the future may further help us
understand the barriers and benefits of social media use, and
assess the impact of increased use on trainee recruitment and
perceptions. Additionally, the value proposition of streamlining
and growing social media engagement with targeted hashtags
may be considered to promote the presence of both diagnostic
and therapeutic aspects of this subspecialty for practitioners,
trainees, and the public.
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Abstract

Background: Suicide represents a public health concern, imposing a dramatic burden. Prosuicide websites are “virtual pathways”
facilitating a rise in suicidal behaviors, especially among socially isolated, susceptible individuals.

Objective: The aim of this study is to characterize suicide-related webpages in the Italian language.

Methods: The first 5 most commonly used search engines in Italy (ie, Bing, Virgilio, Yahoo, Google, and Libero) were mined
using the term “suicidio” (Italian for suicide). For each search, the first 100 webpages were considered. Websites resulting from
each search were collected and duplicates deleted so that unique webpages could be analyzed and rated with the HONcode
instrument

Results: A total of 65 webpages were included: 12.5% (8/64) were antisuicide and 6.3% (4/64) explicitly prosuicide. The
majority of the included websites had a mixed or neutral attitude toward suicide (52/64, 81.2%) and had informative content and
purpose (39/64, 60.9%). Most webpages targeted adolescents as an age group (38/64, 59.4%), contained a reference to other
psychiatric disorders or comorbidities (42/64, 65.6%), included medical/professional supervision or guidance (45/64, 70.3%),
lacked figures or pictures related to suicide (41/64, 64.1%), and did not contain any access restraint (62/64, 96.9%). The major
shortcoming to this study is the small sample size of webpages analyzed and the search limited to the keyword “suicide.”

Conclusions: Specialized mental health professionals should try to improve their presence online by providing high-quality
material.

(JMIR Form Res 2021;5(11):e29146)   doi:10.2196/29146
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Introduction

Suicide represents a public health concern, imposing a dramatic
burden both in epidemiological and societal terms [1]. According
to the latest available 2021 report of the World Health
Organization (WHO) in 2019, Italy had a crude rate of 6.7 (95%
CI 6.0-8.5) suicides per 100,000 people, with a male:female
ratio of 2.9 [2].

Within the current eHealth era, in which the new information
and communication technologies are being increasingly
exploited to obtain health-related information [3], the internet
can be characterized as having a Yin-Yang, paradoxical nature
[4]. On the one hand, there exists a statistically significant
correlation between a pathological use of the web and suicidality
(either in terms of suicidal ideation or nonsuicidal self-injury).
Prosuicide websites and online suicide pacts are “virtual
pathways” that facilitate the emergence of suicidal behaviors,
especially among socially isolated and susceptible individuals.
On the other hand, the internet can serve as an effective tool for
suicide monitoring and tracking [3,5] and can play a major role
in suicide prevention [6,7], particularly for those vulnerable
individuals who would be otherwise difficult to reach with
conventional approaches [8,9].

Understanding the determinants of suicide-related web searches
is, therefore, of crucial importance [10]. According to Wong
and collaborators [11], the categories of the most visited
suicide-related webpages can be classified into entertainment
(30.13%), scientific information (18.31%), and community
resources (14.53%). Among the 1314 accessed webpages in
their study, prosuicide websites represented only a small fraction
(0.15%). The most used search terms were “committing suicide
with a gas oven,” “hairless goat,” “pictures of murder by
strangulation,” and “photo of a severe burn.”

Suicide-related digital behavior has been assessed in different
countries and different languages [12-15]. However, to the best
of our knowledge, there is a dearth of information concerning
suicide-related webpages in the Italian language. As such, the
aim of this study is to address this gap in knowledge.

Methods

Suicide-Related Website Selection and Inclusion
The first 5 most commonly used search engines in Italy (namely,
Bing, Virgilio, Yahoo, Google, and Libero) were mined with
the search term “suicidio” (Italian for suicide). For each search,
the first 100 webpages were considered. Websites resulting
from each search were collected and duplicates deleted so that
webpages could be analyzed and rated by 2 authors
independently (MO and DP).

Quality assessment of the included webpages was performed
with the HONcode instrument, which comprises the following
sections: authoritative (if the qualifications of the authors are
mentioned), complementarity (if the site aims at supporting but
not replacing or substituting the physician-patient relationship),
privacy (if visitors' data are protected and respected), attribution
(if sources of published information in the medical and
health-related pages are explicitly mentioned and referred to),

justifiability (if claims related to potential benefits or
performance are evidence based), transparency (if the
presentation of the online material is accessible, with accurate
email contacts), financial disclosure (if eventual funding sources
are identified and mentioned), and advertising policy (if
advertising and editorial materials are separate and identifiable)
[16].

The agreement between the 2 authors was assessed with the
Cohen κ statistic.

Furthermore, the 2 authors filled in an ad hoc predesigned Excel
spreadsheet (Microsoft Corp) containing questions concerning
the attitude of the webpage toward suicide (prosuicide,
antisuicide, mixed or neutral), content and purpose of the
webpage (supporting or emotional, informative, preventive),
supervision or guidance (if the webpage was user-generated or
handled by a professional figure, such as a psychiatrist or a
psychologist), reference to age groups (adolescents or older
people) targeted or referred to by the webpage (this simple
dichotomic stratification was applied based on the availability
of information provided and considering that the majority of
internet users consist of adolescents), reference to other
psychiatric disorders or comorbidities, the presence of figures
or pictures related to suicide, and the presence of access
restraint.

Moreover, for each included webpage, the number of comments’
likes, and shares, if any, was recorded.

Statistical Analysis
Before commencing any statistical handling and processing of
the data, figures were visually inspected for potential outliers.
The normality of data distribution was checked using the
D’Agostino-Pearson omnibus test. Univariate analysis
(chi-squared test and the chi-squared test for trend, Fisher’s
exact test, t test, and analysis of variance or their nonparametric
versions in case of violation of normal distribution) was
performed for the variables under study. Multivariate linear
regression analysis was performed to shed light on the
determinants of the HONcode score.

All statistical analyses were performed with the commercial
SPSS for Windows, version 24.0 (IBM Corp). Figures with P
values less than .05 were considered statistically significant.

Results

Sixty-four unique websites were retrieved and analyzed.
Concerning the attitude toward suicide, 4 webpages were in
favor of suicide (6.3%), whereas 8 sites were against suicide
(12.5%). The remaining webpages (52/64, 81.2%) were neutral
toward suicide. The overrepresentation of neutral pages in tone

was statistically significant (χ2
2=30.55; contingency

coefficient=0.44; P<.001; χ2
1 for trend=28.40; P<.001). In terms

of content and purpose, 6 webpages were supporting or
emotional (9.4%), 39 informative (60.9%), and 19 preventive
(29.7%), with both emotional and preventive pages being

underrepresented (χ2
2=13.83, contingency coefficient=0.31,

P=.001; χ2
1 for trend=13.67, P<.001). Concerning the
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supervision or guidance of the websites, 45 (70.3% of the entire
sample) were handled by a professional figure (a medical doctor
or a psychologist, or an allied health professional).
Consequently, the medical supervision or guidance of the
webpages was predominant (P=.03). Thirty-eight webpages
were targeted to or contained references to adolescents as an
age group particularly vulnerable to suicide (59.4%; 26/64
websites referred to older people, 40.6%; P=.37). Forty-two
(65.6%) webpages made references to other psychiatric disorders
or comorbidities, such as depression (65.6%) or drug use
(26.6%), while twenty-two (34.4%) websites did not. Webpages
mentioning comorbidities were slightly overrepresented (P=.07).
Twenty-three webpages (35.9%) versus forty-one (64.1%)
contained figures or pictures related to suicide (not statistically
significant, P=.15). Sixty-two webpages (96.9% of the sample)
had no access restraint (P<.001).

The average HONcode score was 5.81 (SD 2.70, median 7),
whereas the average overall number of likes, comments, and
shares was 14,261.56 (SD 60,065.23, median 15.00). The
correlation between HONcode and the overall number of likes,
comments, and shares was 0.16 (95% CI –0.33 to 0.58; P=.53).
Further details are reported in Table 1.

Webpages were generally compliant with the HONcode
principles (range 68.8%-100.0%; authoritative principle: 44/64;
principle of transparency: 64/64) except for the principle of
justifiability (35/64, 54.7%, P=.72) and financial disclosure
(40/64, 62.5%, P=.21), as shown in Table 2.

At the univariate analysis (Table 3), the HONcode score was
higher in mixed or neutral webpages (P<.001), in websites with
a preventive purpose (P=.02), with professional or medical
supervision or guidance (P<.001), with references to other
psychiatric disorders or comorbidities (P=.003), and without
access restraint (P=.03). No statistically significant differences
could be detected in terms of references to age groups
(adolescents versus older people, P=0.81) or the presence of
figures or pictures (P=.41).

Furthermore, webpages with medical supervision or guidance
had more an informative and preventive content and purpose

than did supporting or emotional ones (χ2
2=9.19, P=.01; χ2

1 for
trend=3.19, P=.07). Those webpages with professional
supervision or guidance also had a more positive or
mixed/neutral attitude toward suicide, and this was statistically
significant (P=.002). In contrast, no differences were found in
terms of references to other psychiatric disorders or
comorbidities, references to age groups, access restraint, and
the presence of figures or pictures related to suicide.

In the multivariate linear regression analysis (Table 4), the
predictors of the HONcode score were professional/medical or
supervision/guidance of the webpages (regression
coefficient=3.94; P<.001) and references to psychiatric disorders
as comorbidities (regression coefficient=1.46; P=.003).

Meanwhile, no differences were found in terms of likes,
comments, or shares either in the univariate or the multivariate
analyses.
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Table 1. Characteristics of the included websites (N=64).

ValueParameter

Attitude toward suicide, n (%)

4 (6.3)Prosuicide

8 (12.5)Antisuicide

52 (81.2)Mixed/neutral

Content and purpose, n (%)

6 (9.4)Supporting/emotional

39 (60.9)Informative

19 (29.7)Preventive

Supervision/guidance, n (%)

4 (6.3)Religious figure

11 (17.2)Psychiatrist

3 (4.7)Other kinds of physicians

25 (39.1)Psychologist

1 (1.6)Pharmacist

5 (7.8)Other allied health professionals

1 (1.6)Lawyer

11 (17.2)User-generated webpage

3 (4.7)Volunteer organization/charity

References to age groups, n (%)

38 (59.4)Adolescents

26 (40.6)Older people

Reference to other psychiatric disorders, n (%)

42 (65.6)Depression

11 (17.2)Anxiety

2 (3.1)Panic disorder

9 (14.1)Bipolar syndrome

8 (12.5)Personality disorder

3 (4.7)Posttraumatic stress disorder

2 (3.1)Paranoia

12 (18.8)Schizophrenia

17 (26.6)Drug use

6 (9.4)Alcoholism

1 (1.6)Eating and weight disorders

1 (1.6)Sleep disorders

42 (65.6)Reference

22 (34.4)No reference

Figures/pictures, n (%)

23 (35.9)Yes

41 (64.1)No

Access restraint, n (%)

2 (3.1)Yes

62 (96.9)No
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ValueParameter

5.81 (2.7)HONcode score, mean (SD)

585Comments, n

98Shares, n

256,025Likes, n

Table 2. Assessment of the suicide-related websites according to the HONcode principles (N=64).

P valueNoYesHONcode principle

.04720 (31.2)44 (68.8)1. Authoritative

.00616 (25.0)48 (75.0)2. Complementarily

.00616 (25.0)48 (75.0)3. Privacy

.0319 (29.7)45 (70.3)4. Attribution

.7229 (45.3)35 (54.7)5. Justifiability

<.0010 (0.0)64 (100.0)6. Transparency

.2124 (37.5)40 (62.5)7. Financial disclosure

.00214 (21.9)50 (78.1)8. Advertising policy

Table 3. Univariate analysis of the studied webpages according to the HONcode score.

P valueHONcode score, mean (SD)Parameter

<.001Attitude toward suicide

0.75 (0.50)Prosuicide

3.50 (2.93)Antisuicide

6.55 (2.07)Mixed/neutral

.02Content and purpose

2.17 (2.93)Supporting/emotional

6.08 (2.45)Informative

6.42 (2.22)Preventive

<.001Supervision/guidance

2.63 (2.27)User-generated webpage

7.16 (1.38)Professional figures

.81References to age groups

6.05 (2.36)Adolescents

5.46 (3.09)Older people

.003Reference to other psychiatric disorders

4.28 (3.16)No reference

6.41 (2.22)Reference

.41Figures/pictures

6.09 (2.83)Yes

5.66 (2.60)No

.03Access restraint

100 (0.00)Yes

5.97 (2.57)No
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Table 4. Multivariate linear regression analysis of the studied webpages according to the HONcode score.

ValueIndependent variables

PtrpartialSECoefficient

N/A N/A N/A N/Aa1.11Constant

.201.300.170.200.27Content and purpose

.780.420.060.440.18Reference to age groups

.380.890.120.450.40Figures/pictures

<.0018.300.750.473.94Supervision/guidance

.17–1.40–0.191.42–1.99Access restraint

.0033.120.390.471.46References to other psychiatric disorders

.370.910.120.570.52Attitude toward suicide

aN/A: not applicable.

Discussion

Main Findings and Comparison With the Literature
To the best of our knowledge, this is the first study to assess
the quality and content of suicide-related webpages in the Italian
language.

We found that the percentage of explicitly prosuicide websites
was greater than that reported by Wong et al [11] but less than
that reported by Chen et al (16.3%), who analyzed 375 linked
webpages in Chinese [12]. According to the authors, 41.3% of
the included webpages were antisuicide, and the majority of the
prosuicide sites were user-generated (96.7%). Interestingly,
searches using the search term “ways to kill yourself” (31.7%)
and “painless suicide” (28.3%) generated much larger numbers
of potentially harmful webpages than did the keyword “suicide”
(4.3%).

A much larger portion of prosuicide websites (42%) was found
by Sakarya et al [17], who analyzed 100 webpages. Thirteen
percent of the studied sample was found to have content or
material that may be considered protective against suicidal
behavior, a result in line with our findings. However the authors
found that “protective” websites did not have any kind of
medical supervision or guidance from specialized mental health
professionals. In contrast to this, we managed to find a
statistically significant association between these 2 variables.

Til and Niederkrotenthaler [18] performed a cross-cultural study
by comparing the suicide-related web searches in Austria and
the USA. They found that in both countries, protective
outweighed harmful website characteristics by approximately
2:1, a finding in line with our result. Authors were able to
confirm the observation of Wong et al: websites retrieved with
method-related search terms (eg, how to hang yourself)
contained more harmful information (USA: P<.001; Austria:
P<.05) and fewer protective characteristics (USA: P<.001;
Austria: P<.001) compared to the term “suicide” [11].
Conversely, help-related search terms (eg, suicidal thoughts)
yielded more webpages with positive and protective
characteristics (USA: P=.07; Austria: P<.01). Interestingly,
authors found that websites retrieved with the US search engines
generally had more protective characteristics (P<.001) than did

those retrieved with Austrian search engines. Moreover,
resources with dangerous or harmful characteristics were better
ranked than those with positive or protective characteristics
(USA: P<.01; Austria: P<.05).

In another study, Thornton and colleagues [13] found that among
Google searches retrieved related to suicide, a high portion of
them were irrelevant webpages (n=136, approximately 26% of
the entire sample). Of the 329 relevant websites, the majority
were suicide preventive (about 68%); however, a considerable
proportion of sites expressed mixed/ambiguous (22%) or neutral
(8%) attitudes toward suicide, and 1% were explicitly
prosuicide, figures which were slightly different from ours.

These inconsistent literature findings could be explained by the
cultural differences across countries in which suicide-related
web searches are performed, as shown by the research of Till
and Niederkrotenthaler [15], as well as policies concerning the
web. Overall, the combination of societal data and online
behavior monitoring provide the best indication of risks [19].

The presence of antisuicide online material is of crucial
importance for 2 major reasons: (1) according to a recent review
of the literature [6], individuals at risk for suicide are probably
more prone to look for suicide-related information online, and
searching online information related to suicide is a proxy of
suicidal ideation; and (2) according to a randomized controlled
trial, education professional suicide prevention websites appear
to increase and improve suicide prevention–related knowledge,
especially among vulnerable and socially isolated individuals
[18]. Therefore, exposure to high-quality curated websites may
be associated with a reduction in suicidal thoughts and actions.
Recent research has shown that the proactive suicide prevention
online model is robust for identifying people that are at risk of
suicide [20].

Strengths and Limitations of the Study
Despite some strengths, including being the first study to
systematically assess the quality of suicide-related webpages
in the Italian language, our investigation suffers from some
limitations that should be properly acknowledged. The major
shortcoming is the small sample size of webpages analyzed and
the search limited to the keyword “suicide.” Future research
should also explore other words indirectly related to suicide as
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well as other terms related to the ways suicide can be committed
(ie, method-related search terms) and explore whether the
semantic differential has an impact on suicide-related webpages
in terms of content and quality. Moreover, caution should be
used when generalizing the present findings to other countries,
as our results could be affected by country-specific cultural
issues and may not reflect the nature of other settings. Further,
although we assessed the reference to other psychiatric disorders
or comorbidities in the webpages included in our study, we were
not able to establish a link between mental illness and suicide
in terms of browsing websites. This warrants dedicated, ad hoc
studies specifically exploring this topic. Another aspect that
should be investigated concerns the size or burden of the
psychological effect imposed by browsing suicide-related
websites.

Conclusions
Sixty-four webpages were included in our analysis: 12.5% (8/64)
were antisuicide and 6.3% (4/64) explicitly prosuicide. The
majority of the included websites had a mixed or neutral attitude
toward suicide (52/64, 81.2%) and had an informative content
and purpose (39/64, 60.9%). Most webpages targeted
adolescents as an age group (38/64, 59.4%), contained a
reference to other psychiatric disorders or comorbidities (42/64,
65.6%), had medical or professional supervision or guidance
(45/64, 70.3%), lacked figures or pictures related to suicide
(41/64, 64.1%), and did not use any access restraint (62/64,
96.9%).

Specialized mental health professionals should take into account
these findings, make an effort to improve their presence online,
and provide high-quality material. However, given the
aforementioned limitations, further research in the field is
warranted.
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Abstract

Background: In health research, culturally and linguistically diverse (CALD) health care consumers are cited as hidden or hard
to reach. This paper evaluates the approach used by researchers to attract and retain hard-to-reach CALD research participants
for a study investigating health communication barriers between CALD health care users and health care professionals in regional
Australia. As the study was taking place during the COVID-19 pandemic, subsequent restrictions emerged. Thus, recruitment
and retention methods were adapted. This evaluation considered the effectiveness of recruitment and retention used throughout
the pre-COVID and during-COVID periods.

Objective: This evaluation sought to determine the effectiveness of recruitment and retention efforts of researchers during a
study that targeted regional hard-to-reach CALD participants.

Methods: Recruitment and retention methods were categorized into the following 5 phases: recruitment, preintervention data
collection, intervention, postintervention data collection, and interviews. To compare the methods used by researchers, recruitment
and retention rates were divided into pre-COVID and during-COVID periods. Thereafter, in-depth reflections of the methods
employed within this study were made.

Results: This paper provides results relating to participant recruitment and retainment over the course of 5 research phases that
occurred before and during COVID. During the pre-COVID recruitment phase, 22 participants were recruited. Of these participants,
15 (68%) transitioned to the next phase and completed the initial data collection phase. By contrast, 18 participants completed
the during-COVID recruitment phase, with 13 (72%) continuing to the next phase. The success rate of the intervention phase in
the pre-COVID period was 93% (14/15), compared with 84.6% (11/13) in the during-COVID period. Lastly, 93% (13/14) of
participants completed the postintervention data collection in the pre-COVID period, compared with 91% (10/11) in the
during-COVID period. In total, 40 participants took part in the initial data collection phase, with 23 (58%) completing the 5
research phases. Owing to the small sample size, it was not determined if there was any statistical significance between the groups
(pre- and during-COVID periods).

Conclusions: The success of this program in recruiting and maintaining regional hard-to-reach CALD populations was preserved
over the pre- and during-COVID periods. The pandemic required researchers to adjust study methods, thereby inadvertently
contributing to the recruitment and retention success of the project. The maintenance of participants during this period was due
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to flexibility offered by researchers through adaptive methods, such as the use of cultural gatekeepers, increased visibility of
CALD researchers, and use of digital platforms. The major findings of this evaluation are 2-fold. First, increased diversity in the
research sample required a high level of flexibility from researchers, meaning that such projects may be more resource intensive.
Second, community organizations presented a valuable opportunity to connect with potential hard-to-reach research participants.

(JMIR Form Res 2021;5(11):e26136)   doi:10.2196/26136

KEYWORDS

health literacy; cultural and linguistic diversity; COVID-19; health care barriers; hard-to-reach research participants; regional
Australia; health literacy profiles; literacy

Introduction

Background
Low consumer health literacy levels represent an ongoing
challenge to health services. Lower health literacy impacts an
individual’s ability to access appropriate health services,
comprehend medical instruction, and manage their own health
[1]. In this way, individuals with low health literacy may forego
preventative and proactive management of their health, leading
to increased hospitalizations and presentation at emergency
departments [1]. Despite the systemic support for promoting
active and engaged health care consumers [2], the reality is that
certain population subgroups have more difficulty in
communicating their needs, engaging with health care
professionals, and navigating the health care system. Culturally
and linguistically diverse (CALD) health care consumers are at
greater risk of lower health literacy levels due their social,
cultural, geographic, and economic contexts [3].

Despite the importance of researching the experiences of CALD
health care users, this demographic is often cited as hidden or
hard to reach [4]. The reasons for this categorization are
multiple; migrants may be socially disconnected, may be
vulnerable, may have a fear of discrimination, may misinterpret
or misunderstand the research process, or may generally distrust
researchers [4]. Therefore, there are significant difficulties in
recruiting and retaining such a research cohort. In the pursuit
of meaningful research in this area, this paper provides valuable
insights into the recruitment and retainment of traditionally
hard-to-reach research populations [4].

During the research project, COVID-19 emerged. As a result,
recruitment and retention methods had to be adapted to address
corresponding lockdowns and restrictions. Researchers analyzed
the recruitment and retention methods by breaking down the
participation process into 5 distinct phases and comparing
pre-COVID and during-COVID approaches for each phase.

These phases include recruitment, preintervention data
collection, intervention, postintervention data collection, and
interviews.

Objectives
The objective of this study was to provide insights into
recruitment and retention methods used during a study targeting
a highly diverse hard-to-reach CALD sample in a regional city
in Australia.

Methods

Study Design
The research project was conducted by a community
organization based in the central Queensland city of
Rockhampton. The organization, Central Queensland
Multicultural Association, offers an eclectic range of community
programs aimed at overcoming social isolation and promoting
integration and engagement. This pilot project was funded by
the Australian Government through the Department of Health,
for the purposes of (1) establishing an evidence-based health
literacy profile for CALD populations residing within the
Rockhampton area and (2) examining the efficacy of
community-based education sessions as a health intervention
option to address ongoing health literacy issues identified from
health literacy profiling outcomes.

Participation
While the study sought input from both health care consumers
and professionals to establish a health literacy profile, this paper
specifically reflects on the difficulties and successes of recruiting
CALD health care consumers (herein referred to as participants).

As illustrated in Figure 1, the process of consumer participation
included a recruitment phase, preintervention data collection,
an intervention phase, and postintervention data collection.
Thereafter, 10 participants were invited to give interviews to
provide further qualitative data.
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Figure 1. Target number of research participants at different phases of the project. HLQ: Health Literacy Questionnaire.

So as not to place heavy restrictions on recruitment, consumer
participant criteria were left sufficiently broad. Participants were
required to be over the age of 18 years, have moved to Australia
from another country, be Medicare eligible, and have adequate
English ability.

Quantitative Research Tools
The research program utilized the prevalidated Health Literacy
Questionnaire (HLQ) designed by Osborne et al [5]. The HLQ
aims to test consumers’ self-reported capability for conducting
health literacy tasks. The HLQ includes 21 questions that feature
Likert-scale responses.

Qualitative Research Tools
Researchers designed an interview schedule that reflected the
domains of health literacy set out within the quantitative portion
of the study. The schedule included 11 questions relating to the
HLQ domains, which were designed as a start point for
conducting semistructured interviews.

Intervention
The program’s intervention involved 3 education sessions
delivered by a researcher. The intervention was designed to (1)
inform CALD health consumers about their role in interactions
with health care providers, (2) increase consumer understanding
and manage expectations of clinical appointments, and (3)
inform participants about local health system navigation. Within
the education sessions, additional resources were utilized to aid
participant understanding, including PowerPoint, as well as
videos and resource sheets published by government agencies.

Evaluation Tools
Participants were observed in their dealings with researchers.
Researchers made note of participant behavior, including

avoidance, requests to withdraw, and connection-seeking, as
well as preferences associated with location and group makeup.
These interactions provided important insights into participants’
feelings toward the research process, including (1) the perceived
significance of the research to the individual and the community,
(2) whether it was considered a justified use of time, (3) the
need for having social support during the research process, and
(4) distrust or anxiety.

These observations were recorded in a research journal and
reflected on in meetings between researchers, as well as in
discussions with community leaders. The use of observations
was a necessary data collection method as researchers had to
adjust recruitment and retention methods in response to these
observations.

In addition to observations, the program sought participant
feedback in order to evaluate the effectiveness of the program’s
recruitment and retention methods. Data collection methods
included the use of an online survey or interview questions. The
use of either of these data collection methods was determined
by the participants’ levels of involvement in the project. For
example, if a participant had agreed to be interviewed as part
of the research project, researchers would include evaluative
questions as part of the interview. However, if participants had
not taken part in an interview, had initially signed up but later
withdrawn, or failed to complete all the steps for participation,
they were sent an online survey. Both data collection methods
queried the same potential issues associated with recruitment
or retention. These included (1) logistical issues such as
transport and childcare, (2) time constraints, (3) the impact of
session size and group makeup, and (4) the participation
processes.
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Evaluation Analysis
Researchers analyzed the responses provided by participants in
their interviews and online surveys in order to gather information
on what barriers were faced by participants during the research
process.

In addition to direct feedback and observation, researchers
analyzed the dropout rates of participants within the 5 research
phases. The recruitment phase refers to “the dialogue which
takes place between an investigator and a potential participant
prior to the initiation of the consent process” [6]. The process
includes the identification of potential participants, filtration,
and discussion of participation steps. The preintervention data
collection phase refers to participants completing necessary
paperwork to take part in the study. This paperwork included
a program consent form, a demographic survey, and a
preintervention HLQ. The intervention stage refers to the 3
education sessions (S1, S2, and S3). The postintervention data
collection phase refers to the collection of completed HLQs
following the 3 education sessions. The interview phase refers

to the completion of a one-on-one semistructured interview with
researchers.

As each of these participation phases occurred within
pre-COVID and during-COVID periods, researchers were able
to adapt recruitment and retention methods, therefore providing
a basis for a comparative analysis. Researchers then compared
the dropout rates for each participation phase within each
designated period (pre-COVID or during-COVID period).

Ethics
Engagement with health care consumers was approved on an
ethical basis by the Central Queensland Hospital and Health
Service Human Research Ethics Committee (reference:
LNR/2019/QCQ/57544).

Results

Table 1 provides a breakdown of the research project’s
recruitment and retention results according to the COVID period
and research phase.

Table 1. Number of participants before and during COVID-19 restrictions at different phases of the study.

Interview
(N=10), n

Postintervention data
collection: HLQ
(N=23), n (%)

InterventionInitial data collection:

demographic and HLQa

(N=28), n (%)

Recruitment (N=40),
n (rate)

Period

Session 3
(N=25), n (%)

Sessions 1 and
2 (N=28), n

013 (93%)14 (93%)1515 (68%)22 (2.9/week)Before COVID-19 restric-
tion (November 30, 2019, to
January 30, 2020)

1010 (91%)11 (85%)1313 (72%)18 (0.66/week)During COVID-19 restric-
tion (January 31, 2020, to
August 7, 2020)

aHLQ: Health Literacy Questionnaire.

Discussion

Recruitment
A major recruitment success was the diversity of the research
sample. The 40 participants who took part had 15 separate

countries of origin. Participant country of origin and world
region are presented in Table 2.
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Table 2. Participant profile by world region and country of origin.

Participants (N=40), n (%)CountryWorld region

8 (20)NepalSouthern Asia

6 (15)BangladeshSouthern Asia

5 (13)Sri LankaSouthern Asia

4 (10)AfghanistanMiddle East

4 (10)MyanmarMainland South-East Asia

4 (10)Papua New GuineaMelanesia

1 (3)BrazilSouth America

1 (3)ChinaChinese Asia (includes Mongolia)

1 (3)DenmarkNorthern Europe

1 (3)FijiPolynesia (excludes Hawaii)

1 (3)GermanyWestern Europe

1 (3)South AfricaSouthern and East Africa

1 (3)Solomon IslandsMelanesia

1 (3)ThailandMainland South-East Asia

1 (3)VietnamMainland South-East Asia

The greatest concentration of Queensland’s CALD health care
users is in Brisbane; as of 2018, 30.6% of the capital’s
population had a CALD background. However, there are
increasing levels of diversity among the regions [7].
Rockhampton’s CALD population has been growing steadily;
in 2011, 8.7% of the regional city’s population was CALD,
compared with 9.4% in 2016 [7]. Further, as of 2016, 6.8% of
Rockhampton’s population spoke a language other than English
at home [8]. However, this is not to say that Rockhampton’s
CALD population is necessarily homogenizing. Owing to
governmental policy, which promotes migration to the region
[9], the city’s migrant population is likely to become
increasingly diverse. In contrast to studies of CALD health care
consumers in metropolitan areas, research in regional areas must
account for a significant amount of cultural diversity within the
sample. Therefore, recruitment and retention methods that can
be adapted to multiple cultural backgrounds may be more
successful. In the case of this research program, the ability to
recruit and retain such a diverse sample represents a success.

Pre-COVID Period
The program used purposive, convenience, and snowballing
methods to recruit participants. Beyond participants who were
recruited via broader means (eg, public community days
discussed further under the Intervention subheading), researchers
utilized immediate networks to gauge the interest of potential
participants. The use of established community networks was
of great benefit to researchers; it required a lesser degree of time
and resources to locate potential participants, and researchers
had already established a level of rapport through other dealings
with community members.

While snowballing and convenience sampling methods in this
project were largely effective in recruiting participants,
overreliance on established networks can be problematic for
the research objectives. Overreliance on such a network risks

introducing self-selection bias, as willing participants may be
well settled, educated, nonisolated, and interested in research
[4]. In spite of this limitation, ethnic minorities are often difficult
to recruit using traditional sampling methods owing to suspicion
of research/researchers, vulnerability, social isolation, and
stigma [4]. Although an acknowledged bias, other options for
reaching hidden populations is yet to be discovered, and as such,
limitations need to be endured in order to pursue much needed
research in this area. Within this study, care was taken to ensure
that snowballing starting points were as diversified as possible.
As illustrated in Table 2, initial recruitment and potential
networks were selected by country of origin to ensure that broad
geographic regions were accounted for.

To further diversify participant background, researchers also
attempted to broaden the recruitment method by engaging with
other community institutions and their leaders. Such
organizations included language groups, and cultural and social
organizations, as well as places of worship. There was
significant potential in connecting with such organizations, and
if successful, there was access to a high number of diverse
participants. However, researchers found this approach to be
ineffectual. While organizations had expressed an interest in
connecting contacts with researchers, in each case, these
attempts were unsuccessful. This approach was therefore found
to be highly bureaucratic and resource intensive.

During-COVID Period
With COVID restrictions ceasing many day-to-day activities
that researchers had previously used as a gateway to recruitment,
as well as the difficulty in recruiting participants via institutional
leaders, researchers sought out community leaders instead as
the instigation point for recruitment. In this paper, institutional
leaders refer to those who are paid, who hold positions of
authority designated to them by way of a constitution/contract,
or who hold sway over large groups of people not individually
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known to them. It is a formal position. Community leaders, by
contrast, are informal positions not held within an institution,
but they instead are figures who hold authority by way of their
connection with individuals residing in the community. Often,
community leaders are associated with specific religious, ethnic,
or cultural groups.

It was recognized that a direct approach to individuals within
the CALD community was not effective. It resulted in
participant reluctance due to fear of the research process and
researchers, as well as stigma. Instead, researchers decided to
approach cultural and religious groups. In doing so, researchers
would reach out to community leaders to gauge interest in the
project. The project used the established network of the
organization to identify and recruit community leaders. For
example, the diversity of the organization’s management
committee and workforce allowed researchers to tap into hidden
South American populations, recruit socially isolated
participants from within the local Mosque, and access a
women’s group based around cultural diversity and inclusion
activities. Further, the organization itself represented a drawcard
to ethnic minorities, as these groups would seek out assistance
relating to the organization’s broader function. Their attendance
at the organization allowed researchers to approach for
discussing the research program and participation.

Community leaders acted as research gatekeepers; they would
explain the process of participation to potential participants,
provide emotional support, and act as mediators between the
researchers and participants. The use of gatekeepers in research
is largely successful, particularly where the subject is deemed
significant within the community [10]. The findings of this
program were that the use of cultural/religious gatekeepers is
highly effective.

In addition to the use of cultural gatekeepers, approaching
participants within their cultural groups overcame recruitment
issues. Such an approach worked well during COVID-19
restrictions, when opportunities for researchers to themselves
establish contact and rapport were diminished. Researchers felt
that community inclusion overcame issues of participant
self-assuredness and made participation seem less daunting.
Participants were more forthcoming in speaking of their
experiences, they had a chance to build rapport with researchers
in a less threatening environment, and it provided a level of
anonymity for participants. From the researchers’ perspective,
the increase in willingness from the side of the participants was
attributable to both the use of intimate cultural groups and the
use of cultural gatekeepers.

The shift from recruiting participants face to face at events to
a purely network-based recruitment method meant that
enlistment became more targeted. Difficulties in recruiting
CALD participants were seemingly compounded when potential
participants encountered an Anglo-Australian researcher. The
researchers tasked with data collection were 2 women (one had
an Anglo-Australian background, and other had a Bangladeshi
background). Observational evidence acquired by the researchers
suggested that the meeting of researcher and participant
backgrounds was significant. In fact, in cases where age or
gender disparities between an Anglo-Australian researcher and

potential participants were minimal, the participants still
gravitated toward researchers twice their age, but with similar
religious or cultural backgrounds. The success rate of
recruitment was variable, with more success when participants
were faced with a researcher from a migrant background. This
finding corresponds with previous literature, which identifies
perceived power differentials as a major factor in the dearth of
CALD individual participation in health research [11-13]. In
response to these difficulties and the issues outlined in the
research, adjustments to recruitment were made to ensure that
the CALD researcher represented the “face” of the program,
with participants enjoying maximum contact with this researcher
where possible.

Preintervention Data Collection

Pre-COVID Period
In order to minimize the dropout rate between recruitment and
data collection, those who agreed to participate during the
recruitment phase were presented immediately with data
collection materials. This approach worked well when the
research organization had agreements with cultural groups for
the use of facilities. For example, the research organization
would allow the use of rooms for language classes. Often when
these classes were held, members of cultural groups would
congregate. Researchers used the opportunity to recruit these
participants and present them immediately with data collection
materials. For establishing a health literacy profile for this
region, this method was highly successful; 14 participants were
initially approached, with 8 being eligible and successfully
completing the preintervention data collection phase.
Participants were happy to be approached and document their
experience; however, this did not necessarily translate to high
levels of participant retention. In the pre-COVID period, 8
participants were recruited in this fashion; however, only 3 of
those were retained and eventually took part in the intervention
phase. The dropout rate in this instance was hypothesized as
participants being reluctant to return to complete the
intervention. Researchers felt that for this research cohort,
making the research process as seamless as possible may be
more attractive than requiring multiple distinct steps to complete
participation.

During-COVID Period
As normal activities conducted by the organization ceased under
COVID restrictions, routine data collection processes were
amended to ensure the feasibility of this research phase. The
researchers’ recruitment pitch had to highlight the importance
of the research objectives to not only the individuals, but also
their broader community [14]. In the pre-COVID data collection
phase, while this was still an important factor to be included,
participants were easily swayed by the limited amount of time
and resources necessary to participate. Throughout the
during-COVID data collection phase, researchers were required
to follow-up with participants to enquire about any difficulties,
to arrange collection of the paperwork, and to discuss the next
stages.

Even with the increased barriers to participation that COVID-19
posed, a continuance rate of 72% (13/18) during this period
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indicates that researchers successfully adapted their data
collection approach so that it suited CALD research participants.
This was done by offering a high level of flexibility, such as
the collection of paperwork from residences or places of work
(at the participant’s request), the use of digital platforms to
deliver and receive completed questionnaires, and the ability
of researchers to gather data collection tools at the upcoming
intervention phase. Despite the level of flexibility, some
participants were difficult to retain, and ceased contact with
researchers. These participants did not provide feedback to
researchers; however, it is believed that participant withdrawal
in this period was due to potential time constraints and
unawareness of the research process. Unfortunately, in cases
where participants had ceased contact, the requirements of
participation could not be explained.

Intervention

Pre-COVID Period
The original approach was to hold sizeable community sessions,
whereby a large number of participants could be provided with
the first 2 sessions (S1 and S2) of the intervention. This
approach not only satisfied program funding arrangements with
respect to community engagement, but also allowed for minimal
resource requirements in terms of staffing and time. It was
initially anticipated that the program would require 3 to 4 of
these large gatherings to collect consumer participant numbers.
The first intervention took place on the community health day.
The health day was advertised to the broader community, and
no restrictions were placed on attendance. Researchers had
arranged for local health professionals to attend and provide
free health checks. Resource packs were provided to attendees
with local health information, as well as navigational aids for
the region’s health service. Further, the research organization
arranged for childcare services for the duration of the health
day. Researchers took the opportunity to identify potential
participants who attended. Those who agreed to take part were
presented with data collection materials before the intervention
took place. Each of these sessions was held onsite, at the
organization’s office.

Embedding the intervention within the community health day
represented an effective way to engage potential participants.
Many community members attended the intervention as part of
the community health day but did not necessarily agree or were
eligible to participate in the research project. The total number
of attendees at community days was 23, with 10 being eligible
and agreeing to participate. Of the 13 who did not participate,
7 were ineligible. Therefore, 6 were eligible but did not agree
to participate. Researchers hypothesized that a lack of awareness
of the research process and aims was to blame for the reluctance
of eligible nonparticipants. However, because the intervention
was delivered to sizable groups, it was not possible for
researchers to identify potential problems and reassure reluctant
nonparticipants. Of the 10 participants who agreed to participate
during the community health days, 9 went on to complete the
intervention in its entirety. Despite this reasonable success,
subsequent attempts to organize the third portion of the
intervention (S3) in this way were met with participant

reluctance, and it was not possible to replicate the earlier
success.

Researchers considered that this reluctance was due to education
sessions that were presented too formally and with large
culturally diverse groups. The formulation of education sessions
was done with oversight from health science academics and
staff from the health service. However, due to restraints
associated with a pilot study (discussed further in the Limitations
subsection), the education sessions were not formulated with
community feedback. Subsequently, as the project responded
to COVID restrictions and the delivery of sessions was to
smaller culturally homogenous groups, feedback from
participants suggested that informal delivery, including
participant discussion and question time, was more impactful
and more aligned with participant expectations.

The pre-COVID intervention was always delivered face-to-face.
The choice to deliver the program directly to participants is
symptomatic of a broader organizational approach to
overcoming social isolation and enhancing integration. The
success of the face-to-face approach was highly dependent on
the individual. For example, some participants sought out the
research program as a way to establish contact with the
organization and community in order to overcome social
isolation. These participants gained more from direct
face-to-face contact with researchers than they would have from
an online program. However, in other cases where participants
were sufficiently integrated, had established themselves within
the broader community, and had higher employment or familial
commitments, face-to-face interaction represented a barrier to
participation. Researchers were aware of the individual
circumstances of each participant, and as such, would regularly
hold sessions outside business hours, such as on weeknights or
weekends, and they employed childcare services to ensure
women could attend and were mentally present during the
intervention. Both approaches were effective in overcoming
barriers. Due to the effectiveness of these approaches, they were
again utilized by the research team in the during-COVID
intervention phase.

During-COVID Period
The emergence of COVID-19 brought with it restrictions on
face-to-face events, which required alterations to session
delivery within the program. Researchers initially minimized
the number of participants present at each intervention session
and shifted the venue from the research organization to one of
participant choosing. The session size was 10 or over
pre-COVID but had to be restricted to no more than five in each
session. Researchers found that participant willingness to partake
in the entire intervention process increased during this period.
Participants indicated that smaller and more intimate sessions
gave them the opportunity to speak about their experiences and
allowed researchers to refine the intervention to suit particular
individuals and their needs. While the numbers during this
period may suggest a decrease in participation, subsequent
discussions with participants suggested that sessions taking
place under this method were more meaningful to each
participant. Further, in holding sessions in spaces of participant
choosing, the program effectively overcame potential barriers
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experienced by participants such as work commitments,
transport, childcare, and time constraints.

During the height of restrictions, in which contact with persons
outside the household was disallowed, the intervention continued
via online platforms. Sessions 1 and 2 were delivered by a
researcher via Zoom (Zoom Video Communications). The third
session was delivered either by Zoom or via a prerecorded
session uploaded to YouTube (Google Inc). This arrangement
allowed for researchers to connect with participants, thereby
increasing participant opportunity to speak of their experiences
and ask questions while adhering to public health restrictions.
In some cases, participants benefitted greatly from the flexibility.
However, while the project maintained targeted numbers during
this period, the relationship fostered online, compared with
face-to-face, is more superficial. Research participants of diverse
backgrounds have a greater need for social comfort in a research
context [11]. Therefore, such needs risk not being met when
researchers make participation a solely online activity.

Postintervention Data Collection

Pre-COVID Period
Following successful completion of the intervention, participants
were required to fill in a postintervention HLQ. Initially,
researchers posted the HLQ to participants and requested them
to return the paperwork either to the organization’s office, via
post, or email. Researchers attempted to give sufficient
consideration for individual circumstances; however, expecting
some participants to return the paperwork increased barriers to
participation. In particular, researchers noticed significant
participant fatigue by this stage of the program, therefore
requiring researchers to provide further flexibility to maintain
participant numbers. To provide this flexibility, researchers
collected the data collection materials from a location and at a
time requested by the participants. The finding of the research
team was that the initial approach in requiring participants to
return their paperwork was largely ineffective. This is because
it inadvertently placed further restrictions on participation, such
as the need for transport and childcare, as well as needing to fit
this responsibility between employment or familial obligations.

During-COVID Period
The collection of hard-copy postintervention data during COVID
restrictions, particularly for participants who required assistance,
was laborious. However, in cases where participants had been
identified as sufficiently literate (both digitally and with forms)
researchers used Google Forms as a way to disperse
questionnaires. It was considered that reworking the paperwork
into a Google Forms format was beneficial in that it may have
appeared less daunting than the layout of the tangible form,
while minimizing COVID-related and traditional barriers to
participation. When virus restrictions allowed, the research team
resumed collection of tangible forms.

The collection of tangible forms was preferable as it gave an
opportunity to assist participants who faced difficulties in filling
out the questionnaire. The finding of this project was that the
presentation and language of the HLQ involved some
difficulties. First, some participants suggested that they had not
encountered a survey of this type (Likert scale) and mentioned

that they were unsure about how to correctly fill in the form.
Second, despite participants speaking English, some encountered
difficulties with the language used in the data collection
material.

Interviews
After completing the quantitative aspect of the study, 10
participants were invited from the sample to take part in
semistructured interviews. There were no further selection
criteria to take part in the interview phase, instead researchers
were opportunistic. The initial study design called for all
quantitative data to be collected before interviews could take
place. This was so that participants could build upon the answers
provided in the survey, as well as supply the project with
feedback about their experiences with the pilot program. For
these reasons, the interview phase of the project only occurred
throughout the during-COVID period, and therefore, success
rates cannot be compared.

The researchers approached interviews on a flexible basis, often
offering participants the choice of an online Zoom interview or
an interview at a location of their choosing. Time frames were
also flexible, with researchers making appointments according
to participants’ availability (eg, weekends and nights). As the
study only required 10 participants for the interviews, the slots
were filled quickly and easily.

Evaluation Limitations
Community-based interventions designed to address health
literacy within population subgroups may undergo a process of
needs assessment before intervention co-design and
implementation [15]. Within this pilot study, it was not feasible
to establish an intervention off the back of rigorous community
engagement, instead this program sought input from the health
service and academics within health sciences. This is a noted
limitation; it is preferable to incorporate input from the target
population in order to ensure intervention methods are
appropriate and tailored [15]. If education sessions were
formulated with more feedback from the intended population,
participant recruitment and retention might have been enhanced.

Further, this pilot project did not employ translators or
interpreters for participants. Researchers considered that the
use of accredited interpreters and translators would diversify
the sample by removing the need for participants to be proficient
in English, as well as ensuring that interpretations were true to
their original meaning. Considering the diversity of the research
sample, the cost of translating materials and employing
interpreters within this pilot study was prohibitive. To mitigate
difficulties, researchers provided assistance and clarification
when requested to do so. Researcher involvement with
completion of the questionnaire has the potential to introduce
bias; however, such a limitation had to be endured to be sure
that certain participants understood what was asked and how
to properly record their answers.

Conclusions
This paper documented the efforts of researchers to recruit and
retain CALD participants before and during COVID-19
restrictions. While it was anticipated by researchers that COVID
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would negatively impact the research program, alternative action
in response to COVID actually assisted researchers in
identifying the strengths and weaknesses of prior methods and
gave an opportunity for researchers to evaluate the efficacy of
different methods. The unforeseen pandemic inadvertently
forced researchers to rethink the initial study design, which
benefited the research aims.

There are a number of takeaways from this program. First, the
sample used by this project was highly diverse. The sample
included 40 individuals having 15 countries of origin. While
other studies have targeted and discussed recruitment difficulties
and successes as they relate to specific ethnic groups, there is
a shortage of information relating to the recruitment of a
research sample that involves a high level of cultural diversity.
This study identified the way in which the term CALD obscures
the true diversity of regional-based migrant populations and
provided necessary insights into the way in which such a group
can be incorporated into health research. Lastly, this project
highlighted the way in which community-based organizations
have a discernible role in connecting hard-to-reach participants
with research projects.

In a study such as this, difficulties in recruitment and retention
may have spurred similar actions irrespective of the occurrence
of the pandemic. Therefore, in similar studies conducted outside
the impact of the pandemic, recruitment and retention may look
similar, that is, first attempts may aim to exhaust traditional
methods, such as large-scale recruitment via community health
days, large intervention sessions, and use of institutions to recruit
community members, before turning toward tailored
culture-specific bottom-up approaches. The initial success of
the pre-COVID period, followed by recruitment stagnation, as
well as the ongoing success of during-COVID procedures,
suggests that a high level of diversity in the research sample
requires a high level of diversity in recruitment and retention
methods. Therefore, the keys to ensuring successful recruitment
and retention are to provide flexibility; respond to individual
and group circumstances; reflect on specific environmental,
geographic, and socioeconomic barriers; and mitigate issues.
Considering the heightened requirement for flexibility, a major
takeaway from this study is that research focusing on CALD
samples is inherently more time and resource intensive.
Therefore, future studies that target such a population will need
to factor this into the study design and cost.
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Abstract

During the COVID-19 pandemic many traditional methods of data collection, such as intercept surveys or focus groups, are not
feasible. This paper proposes that establishing community panels through SMS text messages may be a useful method during the
pandemic, by describing a case study of how an innovative SMS text message community panel was used for the “Shisha No
Thanks” project to collect data from young adults of Arabic-speaking background about their attitudes on the harms of waterpipe
smoking. Participants were asked to complete an initial recruitment survey, and then subsequently sent 1 survey question per
week. The study recruited 133 participants to the SMS text message community panel and the mean response rate for each question
was 73.0% (97.1/133) (range 76/133 [57.1%] to 112/133 [84.2%]). The SMS text message community panel approach is not
suited for all populations, nor for all types of inquiry, particularly due to limitations of the type of responses that it allows and
the required access to mobile devices. However, it is a rapid method for data collection, and therefore during the COVID-19
pandemic, it can provide service providers and policymakers with timely information to inform public health responses. In
addition, this method negates the need for in-person interactions and allows for longitudinal data collection. It may be useful in
supplementing other community needs assessment activities, and may be particularly relevant for people who are considered to
be more difficult to reach, particularly young people, culturally and linguistically diverse communities, and other groups that
might otherwise be missed by traditional methods.

(JMIR Form Res 2021;5(11):e28929)   doi:10.2196/28929
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Introduction

There is a high level of interest in communities’ experiences
and needs during the COVID-19 pandemic [1-4], and as people’s
lived experiences have been heterogeneous, more information
is needed to understand what different subgroups within
populations have been through. This is especially true of
minority populations who are underrepresented in mainstream
conversations. Traditional methods of collecting participant

data, such as intercept surveys or focus groups, are not feasible
during a pandemic due to physical distancing requirements.

Establishing community panels that provide data through SMS
text messaging is a potential method that could be used during
the COVID-19 pandemic to provide information for support
services, policy planning, and research studies. SMS text
message community panels allow longitudinal data collection
and involve the recruitment of a sample of the community to
form the community panel, and then sending a small number
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of survey questions via SMS text messages to the panel
participants at regular short time intervals. Panel participants
respond to the survey questions by sending a short response
back via an SMS text message. This method allows tailoring of
language to different community groups, and is particularly
suitable to younger people who have been socialized to
communicate using this channel. SMS text message surveys
have been trialed in health research studies for data collection
and have been found to be user-friendly and produce reasonable
response rates [5-9].

While there are other noncontact methods of data collection
that are useful during the COVID-19 pandemic, such as online
surveys [10-13] and online focus groups [14], we propose that
SMS text message community panels could be an additional
useful tool. This report highlights an example of an SMS text
message community panel, and then discusses how the approach
could be used during the pandemic.

The “Shisha No Thanks” SMS Text
Message Community Panel

Overview
“Shisha No Thanks” is a co-design project that aims to raise
awareness about the harms of waterpipe (shisha) smoking among
young adults (aged 18-35 years) of Arabic-speaking background
in Sydney, New South Wales, Australia [15,16]. To evaluate
the campaign, a community panel using SMS text
message–delivered survey questions was established to identify
changes in attitudes about the harms of waterpipe smoking. The
survey questions were specifically designed for this study to
measure awareness of project messages and attitudes toward
risks of waterpipe smoking, and questions were adapted from
the Cancer Institute NSW Tobacco Tracking Survey [17] and
the Syrian Center for Tobacco Studies Narghile-Waterpipe
Users Survey [18]. As 94% of young people (18-29-year olds)
have smartphones [19], SMS text message–delivered survey
questions were considered to be a useful way of engaging the
target audience.

Recruitment Process
Recruitment advertisements directed people to an online
recruitment survey which was built using Qualtrics software.

The recruitment survey had information about the study, and
then asked for demographic information, a mobile phone
number, and consent to participate in the study. People who
completed the online recruitment survey were then added to the
SMS text message community panel database.

To recruit and retain participants, financial reimbursements
were provided. The recruitment material explained to
participants that they would be compensated for their time with
e-gift cards valued at AUD 50 (US $37) each, which would be
sent via SMS text messages at 3 different stages of the study if
they answered 75% or more of the questions. To provide
context, AUD 50 (US $37) is equivalent to 6.5% of the
minimum weekly wage in this country [20].

SMS Text Message Survey Development
SMS text message community panel members were then sent
1 survey question per week. In total, the study survey consisted
of 22 questions—a set of 8 questions that were asked at the
beginning of the study period, 6 other questions, and then the
initial set of 8 questions were asked again. This was designed
for longitudinal follow-up of the cohort, to detect changes in
attitudes and awareness about the harms of waterpipe smoking
before and after the project.

The survey questions were also set up using Qualtrics, which
allows for questions to be sent via SMS text messages. While
there are many tools available for SMS text message surveys,
Qualtrics was selected for this study, as it is a platform available
through research institution licensing, allows for secure data
hosting arrangements, and provides a user-friendly process to
build SMS text message surveys (as it uses the same interface
as the one used to build online surveys). It is worthwhile to note
that SMS text message distribution in Qualtrics is an add-on
feature, and not part of its standard license.

Each question was set up as an individual survey, and an
identification number was assigned to each participant to match
his/her responses throughout the study. The survey questions
were designed specifically for SMS text messages, with short
and concise questions that can be responded to using either
multiple choice or short-text answers. Study participants were
able to participate in English or Arabic (see Textboxes 1 and 2
for examples of the survey questions in English and Arabic).

Textbox 1. Questions from the Shisha No Thanks SMS text message survey (English language version).

How would you rate smoking shisha compared to cigarettes considering its health effects?

1. Same

2. Less harmful

3. More harmful

4. Don’t know

What’s the main reason(s) you smoke shisha (in a few words):

Have you recently talked to someone (eg, family or friend) about the harms of smoking shisha?

A. Yes

B. No

C. Don’t know
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Textbox 2. Questions from the Shisha No Thanks SMS text message survey (Arabic language version).

Recruited Community Panel
The study was able to recruit 133 participants for the SMS text
message community panel. This was roughly equivalent to the
sample size that the project had planned for (n=100 paired
responses for each response, anticipating that not all participants
would respond to every question).

Community panel participants were recruited through the local
community partner’s communication channels, including email
newsletters and social media pages; through active local
community champions who shared the recruitment survey link
with their own networks via email, SMS text message, or in
person; and through printed flyers with the survey link at
community events, such as tertiary education open days. The
recruitment survey was available on a tablet device for
participants to complete at these events. Local community
partners and active community champions were provided with
all the recruitment materials that were used to promote the online
recruitment survey.

The research team perceived the following factors to be
influential in the recruitment and retainment of community
panel participants to the study: nature of the study by reducing
the burden of participation, participants’ age range, close
engagement with the community during recruitment, participants
being financially compensated for their time, and providing

Arabic translations for individuals who do not speak English
or prefer to participate in Arabic. Although standard SMS text
messaging rates applied to the participants to answer each
question, this did not hinder their response rate.

The SMS text message community panel participants’ age
ranged from 18 to 35 years (mean 25.8 [SD 5.1]), with 64.7%
(86/133) being female. In terms of language spoken at home,
12/133 (9.0%) spoke only Arabic, while 87/133 (65.4%) spoke
English and Arabic. These demographics were consistent with
the target group the research was designed to study. Only 5/133
(3.8%) participants opted to complete the survey in Arabic.

Response Rates
The SMS text message community panel participants received
questions on their phone via SMS text messages. To respond
to the question, they sent their response by replying to the same
number via SMS text message and typing in either a
multiple-choice response or a short text. The mean response
rate for individual survey questions was 73.0% (97.1/133) (range
76/133 [57.1%] to 112/133 [84.2%]). This response rate is
comparable to the rates reported in other studies using SMS
text message surveys [6-9]. Table 1 shows the response rates
for each question that was asked before and after the project.
Response rates for 6 out of 7 questions were lower for the
second round.

Table 1. Response rates for each survey question.

Participants who responded (N=133)Questiona

Second round (after project), n (%)First round (before project), n (%)

89 (66.9)101 (75.9)Q1

87 (65.4)105 (78.9)Q3

87 (65.4)103 (77.4)Q4

85 (63.9)112 (84.2)Q5

93 (69.9)106 (79.7)Q6

93 (69.9)76 (57.1)Q7

87 (65.4)105 (78.9)Q8

aQ2 has not been included, as it was only sent to participants who answered yes to Q1.

Study Design Challenges
The main challenge encountered was related to the Arabic
translation of participant material, including the participant
information and consent form, online recruitment survey, and
the SMS text message survey questions. An accredited translator
translated these materials from English to Arabic. To check for
accuracy and content, an Arabic-speaking researcher on the
evaluation team compared the translated version with the
original English version. However, during the initial recruitment
phase, some Arabic-speaking participants who chose to complete
the online recruitment survey in Arabic informally reported to
the project officer that the participant information and consent

form included complex research terminology that were difficult
for the general community to understand in Arabic. To rectify
this, the participant materials were re-translated using a different
translation service and reviewed by 5 Arabic-speaking
community members.

Potential Uses and Benefits of SMS Text
Message Community Panels During
COVID-19

The SMS text message community panel is a feasible approach
that overcomes many barriers to data collection during a
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pandemic. SMS text message community panels allow for
noncontact data collection, which is an important attribute during
the COVID-19 pandemic, with physical distancing and isolation
being key behavioral strategies in preventing COVID-19 spread.
SMS text message community panels are potentially able to
include people who are more difficult to reach using other data
collection methods, such as people from culturally and
linguistically diverse backgrounds and differing levels of
language proficiency, young people, people who live in rural
and remote locations, and people with no fixed address. The
method allows for timely data processing, as the data are
automatically populated into digital format for analysis, which
is particularly pertinent during COVID-19 as situations change
quickly. This approach could be used for relatively quick data
collection on needs, perceptions, and self-reported behaviors in
the context of COVID-19. It is not intended to be a replacement
for disease surveillance activities, but represents a potentially
important additional method of collecting data.

SMS Text Message Community Panels
in Comparison to Other Data Collection
Methods

In comparison to online surveys, SMS text message surveys are
more specifically tailored to mobile phones. Participants respond
to SMS text message survey questions in the same phone app
on which they receive the questions, and the app is built into
the functionality of mobile phones. By contrast, for online
surveys, participants are required to click on a link in an email
or social media post, which takes them to a web browser
application to complete the survey. While this is a small
obstacle, removing any obstacle is beneficial for improving
response rates. In addition, SMS text message enables people
with mobile phones (not smartphones) to participate.

Online surveys are usually developed as 1 survey with numerous
questions. SMS text message community panels send only 1 or
2 questions per week, which means that participants only require
a short amount of time to respond to the question(s) each week.
In this way, SMS text message community panel surveys are
more beneficial for measuring repeated measures at short time
intervals. As an example, questions could collect data on how
people are feeling during each week, and track changes in
relation to situational changes (eg, small outbreaks, changes in
lockdown policies, or vaccine rollout announcements).

An important benefit of using SMS text message is that it does
not rely on proprietary messaging platforms, such as Facebook
or WhatsApp. These proprietary platforms may have privacy
or data governance implications. SMS text messages also allow
a degree of anonymity as participants can be identified only as
their phone number, unlike proprietary platforms, which
automatically display names and personal information.

The SMS text message survey method is not appropriate to
address all areas of research, particularly those that require more
in-depth and detailed inquiry. Closed questions are generally
limited to simple ordinal or categorical responses, and responses
to open questions are limited to 160 characters before they are
split up into multiple messages.

Considerations for Use

Recruitment and Participant Demographics
The experience of the “Shisha No Thanks” project in recruiting
SMS text message community panel members demonstrated
that recruitment to an already engaged community is effective.
Recruitment by texting random mobile numbers with invitations
to an SMS text message panel may not be effective. The
researchers propose that recruitment to SMS text message
community panels should be through channels where people
have already established an interest or relationship (eg, signed
up to community organization’s database), or through regular
recruitment methods (eg, advertisements in newsletters, social
media, and personal networks). In addition, this method of data
collection is most suitable for recruiting participants from
demographic groups who are confident with using SMS text
message technology, and frequently use their mobile phone,
such as the young people (18-35-year olds) who were the focus
of the “Shisha No Thanks” project.

Incentives to Participate
In the “Shisha No Thanks” project, participants reported that
reimbursements acted as reminders for people to respond to the
survey. Distributing reimbursements using the same platform
as was used for the survey questions also facilitated this
approach. During COVID-19, easily redeemable reimbursements
may be equally important, given the disruptions and other
challenges people face.

Data Privacy and Security
In the “Shisha No Thanks” project, data collected were in a
nonidentifiable format, and the platform used to create the SMS
text message survey used firewall-protected systems and
passwords to protect the data. However, SMS text message
technology does not use end-to-end message encryption, and
so SMS text messages do carry a risk of unauthorized access
to the data. Therefore, this method of data collection may not
be suitable for sensitive data. Despite the security limitations
of SMS text message technology, it is worth noting that studies
have found most people do not have privacy or security concerns
with using SMS text messages [21,22].

Reducing Barriers
Not everyone will have high levels of literacy, health literacy,
or digital literacy. As with all surveys, careful and considered
design of the survey questions can help reduce some of these
barriers. Enabling the option for people to participate in the
“Shisha No Thanks” study in English or Arabic presented a
range of challenges including ensuring accurate translation and
difficulties in ensuring non-Roman characters displayed
correctly when sent via SMS text message. However, the ability
to address these challenges illustrates that if inclusiveness is
meaningfully considered in design, SMS text message
community panels can broaden participation when compared
with cross-sectional surveys, as they can be more specifically
tailored to the subgroup of interest.
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Costs
An important consideration is whether the cost of SMS text
message would be a potential barrier for participation. If this
method is intended to be used with socioeconomically
disadvantaged groups, then this issue needs to be investigated,
and it may be important to use toll-free response numbers.

Limitations
This paper presents a case study demonstrating how SMS text
message community panels were used for the “Shisha No
Thanks” project. Being only 1 case study, there are several
limitations in our understanding about how SMS text message
community panels could work for other research, particularly
in the COVID-19 context. The “Shisha No Thanks” project
featured substantial community participation and engagement,

which may have contributed to its ability to recruit and retain
participants to the SMS text message community panel. It is
unclear how important this initial engagement with the
community is to the success of SMS text message community
panels. In addition, it is not known how important
reimbursements were to the recruitment and retention success
of the “Shisha No Thanks” SMS text message community panel.
As reimbursement practices vary substantially between studies
[23], establishing SMS text message community panels in the
future with reduced or no reimbursements would demonstrate
whether substantial financial reimbursements are an essential
component for this method of data collection. Finally, while we
did notice some attrition during the study, further research is
needed to identify how long people would be willing to be
engaged on such SMS text message community panels.
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Abstract

Background: Although focus groups are a valuable qualitative research tool, face-to-face meetings may be difficult to arrange
and time consuming. This challenge has been further compounded by the global COVID-19 pandemic and the subsequent lockdown
and physical distancing measures implemented, which caused exceptional challenges to human activities. Online focus groups
(OFGs) are an example of an alternative strategy and require further study. At present, OFGs have mostly been studied and used
in high-income countries, with little information relating to their implementation in low- and middle-income countries (LMICs).

Objective: The aim of this study is to share our experiences of conducting OFGs through a web conferencing service and provide
recommendations for future research.

Methods: As part of a broader study, OFGs were developed with adults and adolescents in Colombia during the COVID-19
pandemic. Through a convenience sampling method, we invited eligible participants via email in two different cities of Colombia
to participate in OFGs conducted via Microsoft Teams. Researcher notes and discussion were used to capture participant and
facilitator experiences, as well as practical considerations.

Results: Technical issues were encountered, but various measures were taken to minimize them, such as using a web conferencing
service that was familiar to participants, sending written instructions, and performing a trial meeting prior to the OFG. Adolescent
participants, unlike their adult counterparts, were fluent in using web conferencing platforms and did not encounter technical
challenges.

Conclusions: OFGs have great potential in research settings, especially during the current and any future public health
emergencies. It is important to keep in mind that even with the advantages that they offer, technical issues (ie, internet speed and
access to technology) are major obstacles in LMICs. Further research is required and should carefully consider the appropriateness
of OFGs in different settings.

(JMIR Form Res 2021;5(11):e30293)   doi:10.2196/30293
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Introduction

Focus groups is a commonly used research strategy, particularly
within health and social care research, where the experience of
individuals, service providers, and the community is vital to
innovation and implementation. Focus groups have been an
essential tool of qualitative research over the last 50 years [1];
they aim to evaluate different and collective opinions of
individuals in a group and pay particular attention to the
interaction between participants, thus providing varied
information on the topic of interest in a relatively short period
[1,2]. Although focus groups offer a valuable method for
eliciting a group perspective, their implementation can present
a number of challenges. In particular, the need for participants
to agree on a mutually convenient time and location can pose
difficulties, especially in cases where the participants have
existing commitments. Additionally, the recent spread of
COVID-19 caused a public health emergency worldwide that
affected almost all forms of human activity [3,4]. Physical
distancing and lockdown during the pandemic imposed
unprecedented challenges to the global population that required
innovative strategies to adapt the ways people lived and worked.
These recent challenges have also affected scientific research,
including qualitative research methods [5], particularly projects
that rely on face-to-face data collection [6].

In the past 20 years, the wide use of the internet and the
availability of devices such as smartphones have enabled
researchers to use web-based platforms to conduct online focus
groups (OFGs). This approach has overcome some of the
disadvantages of traditional focus groups [7-9]. Owing to the
wide range of internet technologies, OFGs can be implemented
in various ways. OFGs may be conducted using text-only
platforms (ie, chatrooms, discussion boards, and emails) or as
virtual group meetings by using other technologies such as
webcams, smartphones, and video conferencing services [8].
OFGs can be conducted in two ways—synchronously or
asynchronously, depending on whether participants share their
opinions simultaneously in the platform or not. Asynchronous
OFGs are generally text-based ones, where participants can
answer questions through forums, email, or chat in a
nonsimultaneous manner. Although the latter may provide a
greater sense of anonymity, making it easier for participants to
discuss sensitive topics [9,10]. An important disadvantage,
however, is that researchers cannot evaluate nonverbal cues,
such as eye contact, tone, and body language, that greatly enrich
the results of face-to-face focus groups. Furthermore, there is
a lack of interaction between participants in these settings [8].
These limitations can be overcome by using webcams in a
synchronous focus group [11]. Researchers often experience a
closer interaction, similar to the one obtained in a face-to-face
setting. Although they tend to have less data production, the
quality and level of richness of data is comparable between both
settings [7,8].

The use of video conferencing software prevents the need to
purchase additional recording devices, overcomes geographical
barriers, and can make data transcription easier. However,
incorporating new technology in research creates new
methodological issues, and for OFGs to function properly, some

requirements must be fulfilled. For instance, they demand
participants have a minimum level of digital literacy and a stable
internet connection.

These considerations can be especially challenging in low- and
middle-income countries (LMICs), where the digital gap is
greater as internet access is not universal; resources and
infrastructure are scarce; and there is limited funding and little
or no support from the government for research activities
[2,12-14].

Additionally, it is the responsibility of researchers to carefully
select an appropriate web conferencing service to guarantee the
privacy and security of participants and the data obtained
[2,7,8,15,16]. The latter is of particular significance, since
privacy and security breaches have been more frequent during
the COVID-19 pandemic, posing serious ethical issues to the
conduct of web-based research [17,18].

Research with synchronous OFGs is a growing field; however,
most of it has been developed in high-income countries. For
example, Kite and Phongsavan [7] compared face-to-face focus
groups with OFGs among adults in Australia; they found that
OFGs produced rich data similar to face-to-face interactions
and that an active discussion between participants was possible
even with web-based methods. However, issues with audio,
transcription and high levels of participant withdrawal were
associated with the web-based modality. To the best of our
knowledge, the experience of OFGs has not been reported in
LMICs.

Due to the potential of OFGs to overcome the barriers associated
with face-to-face methods, especially during times where
physical distancing is required, it is important to evaluate their
use in populations with different backgrounds. This includes
vulnerable individuals and culturally diverse people living in
LMICs, where OFGs offer a potentially cost-effective alternative
to traditional methods. Consequently, in this paper, we aim to
discuss our experiences with conducting OFGs with adults and
adolescents during the COVID-19 public health emergency in
Colombia.

Methods

We developed OFGs within the framework of the BRiCs study
(Building Resilience in Adolescence-Improving Quality of Life
for Adolescents With Mental Health Problems in Colombia).
This is an ongoing collaborative research project between Queen
Mary University of London, United Kingdom, and the Pontificia
Universidad Javeriana (PUJ) in Bogotá, the capital of Colombia,
and Duitama, an intermediate city, with funding by the UK
Research and Innovation (UKRI)—Medical Research Council.
This study aims to improve health outcomes for adolescents
with depression and anxiety in Colombia by adapting an existing
effective app-mediated intervention called DIALOG+ [19-22].
As part of the adaptation component, 10 focus groups were
planned in order to collect the end-users’ (adolescents and
clinicians) and stakeholders’ (parents, guardians, youth workers,
and educators) opinions, preferences, and information on how
to make a resource-oriented intervention (DIALOG+) relevant
in this new context and population.
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In March 2020, a state of emergency was declared in Colombia
due to the COVID-19 pandemic, following which the national
government established mandatory quarantine and physical
distancing measures. Most cities were placed in lockdown and
all travel was restricted. In order to continue the research and
to avoid delays concerning project deadlines, an ethics
amendment was requested to change the focus group
methodology by replacing the 10 face-to-face groups with
synchronous OFGs performed through a secure
videoconferencing system. Online delivery of the focus groups
continued even when lockdown measures were eased due to the
fear of contagion and advice to reduce social contact to prevent
further disease spread.

Changes to the research protocol were approved by the
institutional review board of both academic institutions and
clinical settings (protocol FM-CIE-0084-20)

Participants
Participants (adolescents, parents or guardians, clinicians, youth
workers or teachers) were recruited from the two clinical settings
in Bogotá and Duitama by using a convenience sampling
method. To acknowledge the participants for their time, a Col
$40 (approximately US $12 USD) grocery store voucher was
offered to each participant.

Inclusion criteria for the adolescents were (1) age between 13
and 16 years; (2) self-reported current or previous experience
of depression and/or anxiety; (3) a willingness to share their
experience in an OFG; and (4) capacity to provide informed
consent, both by themselves and by a parent or guardian. Parents
or guardians were included if they provided care to adolescents
aged between 13 and 16 years old with current or previous
experience of anxiety and/or depression. Finally, clinicians,
educators, and youth workers were (1) required to have
experience working with adolescents undergoing depression
and/or anxiety and (2) be at least 18 years old.

Data Collection and Analysis
The results of this study focus on the procedures and processes
involved in conducting OFGs. This includes describing, in detail,
processes such as obtaining informed consent, scheduling
meetings, and group facilitation, including any challenges
encountered and how they were overcome. Content analysis

results of the OFGs regarding the adaptation of DIALOG+ are
beyond the scope of this paper and will be reported separately
elsewhere.

Data for the present study were collected through participant
observation, with the researchers and group facilitators taking
notes during the focus groups. The notes focused on the
procedures undertaken, the experience of the group facilitators,
and the differences observed between web-based and
face-to-face delivery. These observational notes and descriptions
of the procedures were gathered by the study coordinator and
were discussed during team meetings conducted after the OFG
sessions. These reflexive evaluations allowed identification of
issues and problems, and action was taken to find potential
solutions through discussion with the research team.
Additionally, content analysis of the OFG transcriptions was
performed when participants expressed their opinions or
thoughts related to the methodology used. A final revision of
the analyzed content was performed in order to group the
information into 7 different categories: consent, booking,
facilitation, technical considerations, interaction, and content,
which we explore below. This process enabled us to develop
themes and guidance, which may be used to guide the future
conduct of OFGs.

Results

Below, we first describe the sample and then outline the
procedures involved in conducting the OFGs, including any
challenges faced.

Sample
A total of 10 OFGs were conducted. In all, 47 participants were
approached and only 2 did not participate, which is not unlike
the withdrawal rate expected for face-to-face focus groups. One
participant did not respond to the invitation email, and the other
was unable to participate due to personal circumstances. With
a total of 45 participants, each OFG comprised 3 to 7
participants. Participants joined the OFGs mainly from their
homes and workplaces. Most of the participants used laptops
and desktop computers as their primary device, with a minority
using smartphones. Interestingly, tablet devices were not used
by the study participants. Table 1 describes the number and
general characteristics of participants in each OFG.
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Table 1. Participants in each online focus group.

Male (n)Female (n)Group

Adolescents

32Bogotá (first)

23Bogotá (second)

03Duitama

Parents or guardians

03Bogotá

03Duitama

Clinicians

41Duitama (first)

13Duitama (second)

05Bogotá

Youth workers or teachers

34Bogotá

05Duitama

OFG Procedures

Obtaining Informed Consent
The study coordinator invited the participants via email. In the
case of parents and adolescents, the invitation email was
followed by a phone call. The email and the follow-up phone
call provided participants with the relevant information about
the study and explained the role of each participant, possible
risks, and other information as required. If participants were
interested, informed consent was obtained remotely, and
individuals were asked to complete a sociodemographic
questionnaire. For adolescents, an additional invitation letter
explaining the project was sent to their parent or guardian, and
we verified that their informed consent had both the adolescent’s
and guardian’s signatures.

As receiving an ink signature for informed consent was
challenging due to the circumstances, we obtained an electronic
signature from all participants. We also retrieved a signature
from the parents or guardians of the participating adolescents.
To obtain the electronic signatures, participants were requested
to print and sign the informed consent form and send the scanned
file to the study coordinator, who was in charge of verifying
that every participant had properly filled and sent it prior to
each session. All signatures were obtained without difficulty,
and none of the participants required assistance or had doubts
regarding the process.

Procedure
After obtaining informed consent from the study participants,
the study coordinator sent separate invitations for two different
meetings. The first meeting included a trial run to check the
participant’s internet connection and to confirm that all the
participants were able to join the OFG and use the
videoconferencing software without difficulties. Additionally,
during this first trial meeting, the coordinator explained further
details of the project and solved logistic and participation

queries. The second invitation was for the OFG session. For
both invitations, the time, date, and agenda were included.

Booking
Overall, scheduling the focus groups was not problematic. When
sending the invitations to the potential participants, an initial
date and time (ie, hour) was stipulated by the study coordinator.
We did, however, experience an issue with one OFG session
with clinicians—the invitation for a session that was scheduled
in the morning (AM) was mistakenly sent for the evening (PM)
due to a typographical error. Fortunately, one of the participants
double-checked this with the coordinator, and the mistake was
rectified in time to enable the rest of participants to join the
meeting at the correct time.

Participants’ and Researchers’ Experience

Facilitation of Focus Groups
Each OFG was facilitated by 2 core members of the research
team (LOP and CGR who are psychiatrists and academic
researchers) and an anthropologist, who have extensive
experience conducting focus groups. Decisions regarding who
would facilitate each OFG was based on availability of the team
members. Within the group, we allowed multiple people to
speak at the same time, to keep the dynamics similar to that of
a face-to-face group; however, using the “raising of hands”
function on Microsoft Teams was encouraged.

Initially, the facilitator introduced him or herself, provided a
general description of the team, and shared the expectations for
the session as well as the ground rules (see Textbox 1). We then
asked if every participant had read and understood the informed
consent and checked that everyone agreed with recording the
session (audio backup recording was also in place). We
reminded participants that the audio would be transcribed
without any identifying data, so anonymity was ensured, and
requested both participants and researchers to activate their web
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cameras in order to obtain visual cues. Each participant was
then asked to provide a brief introduction.

Facilitators followed session guidelines so that the topics for
discussion were consistent in all OFGs. An observer was off
camera, taking notes of the visual cues and the process. All

OFGs were conducted within 90 to 120 minutes. In general, the
facilitator’s role in OFG was more active than in a face-to-face
scenario, both for encouraging and moderating participation,
as well as maintaining order to avoid simultaneous speaking
when a discussion was ongoing.

Textbox 1. Ground rules as per the facilitators’ guidelines.

Ground rules:

• Properly introduce yourself and the team. Clarify the purpose of the session and of the data collected.

• Remind participants that the sessions will be audio- and video-recorded and transcribed.

• Explain how confidentiality is ensured.

• Emphasize that there are no right or wrong answers, just points of view and opinions on the DIALOG+ intervention.

• Suggest participants to avoid naming institutions or people when talking about their own experiences, but if they do, remark that it will be erased
from the transcription.

• Participants may use a pseudonym.

• Ask participants to speak one at a time to avoid interrupting others.

• Clarify the duration of the session (120 min).

• Remind participants that they can leave or take a break at any point during the discussion.

Technical Considerations
Currently, there are several web conferencing services available
to facilitate video calls. To select the best one, we evaluated
different options and asked the Information and Communication
Technology Service of PUJ for advice. The main criteria
included finding a platform that prioritizes security and data
privacy. We completed the first 3 OFGs in real time using the
web-based platform Cisco Webex [23]. During these first OFGs
with clinicians, the initial part of the session was spent resolving
issues and concerns related to the platform, such as how to join
the meeting and activation of the camera and audio, which made
communication slower. Participants mentioned that they felt
the video conferencing was not as easy as they expected because
they were not familiar with the interface, which is not widely
used within Colombia. Therefore, we decided to host the
remaining OFGs with Microsoft Teams [24], a technology that
is more commonly used within Colombia.

In order to overcome this challenge and familiarize participants
with the platform, we sent an instructions manual, via email,
explaining how to set up a Microsoft Teams account and join
the virtual meeting. To further assist the participants, we
scheduled a short meeting with the study coordinator before
each OFG, to test connectivity and solve technical issues. As
suggested by Kite and Phongsavan [7], we also encouraged
early login to the platform on the day of the session [7].
Nonetheless, most participants joined the meeting a few minutes
after the stipulated time.

When using Microsoft Teams, we noticed that joining the
meeting was easier for those participants who had the desktop
app installed on their computers than for those using the browser
version. We therefore recommended installing the app prior to
the OFG. However, we did experience issues with the audio
during one OFG session. After the participant changed his
microphone and restarted the software on his computer without

success, we suggested using the browser version that solved the
issue.

In general, all of these measures undertaken helped us to utilize
most of the scheduled time for each session with discussion
relevant to the research, rather than with technical discussion;
it also made participants more involved, even if personal matters,
including children, pets, and phones, would sometimes distract
them momentarily during participation from their homes.

As researchers, organizing conventional face-to-face focus
groups is challenging, especially in large urban areas such as
Bogotá; hence, OFGs were perceived as a good alternative. In
a smaller city such as Duitama, on the other hand, we had
concerns such as less stable internet connection. However,
network coverage was better than anticipated. Therefore, this
dismissed our concern regarding internet connectivity and device
availability.

As expected with adolescents (both in Bogotá and Duitama),
we did not face any technical challenges, and participants’ use
of the web conferencing service was seamless. In the test
meeting, we had no discussion about the use of the platform,
and only general concerns about the informed consent form and
sociodemographic questionnaire were addressed.

Adult participants in Duitama seemed to face more challenges
with using the web conferencing service, and they had more
queries about the platform, which needed to be resolved. It is
possible that individuals in Duitama, which is an intermediate
city, were not as familiar with conferencing services as those
within major urban areas such as Bogotá. Since both settings
were urban areas, we did not encounter problems with internet
connection. Moreover, other challenges, such as those pertaining
to audio quality, as reported previously [7,25], were not a major
issue in our study, which made audio transcription easy. All
sessions were recorded using web conferencing recording
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features, and a backup audio recording was made by the study
coordinator using the computer’s audio recorder.

Participation Interaction
All participants agreed to activate their cameras, this enabled
us to ensure similar interactions to that expected in a face-to-face
focus group. Questions were presented following a
predetermined order, from general to more specific topics
according to a previously developed facilitator’s guide. Raising
hand via emoji within the software or physically by the
participants raising their hand via the camera allowed
participants to take turns. Although sometimes participants
tended to speak simultaneously making it difficult to hear all
opinions, it was the duty of the facilitators to remind individuals
to take turns as would happen in a traditional face-to-face group.

The facilitator encouraged all participants to share their opinions
on each topic presented. Participation was modest during the
initial parts of every OFG, which can also be common in
face-to-face focus groups [26]. We noticed that after a few
questions, engagement increased, and participation began to be
spontaneous.

This modality lacked features such as small chats and paired
discussions between participants. It was obvious that participants
who knew each other before the OFG (eg, clinicians and teachers
and youth workers) were more engaged and participated more
than those who did not know each other beforehand.
Spontaneous social interaction and acquaintance between
unfamiliar participants did not happen during the groups. Given
that the online context can overlook some nonverbal cues, the
facilitators had to rely on asking direct questions to invite people
to share opinions and make sure that everyone could share their
view without interruption.

Overall, the feedback obtained suggested that both researchers
and participants perceived OFGs as a good alternative to
face-to-face groups. Particular logistical advantages were
discussed. In both settings, particularly in Bogotá, OFGs were
perceived as less time consuming because there was no need to
factor in travel time, which in a large city or rural area can be
significant.

Additionally, costs were diminished because we did not have
to consider transportation fees, hospitality, or additional
recording equipment because all sessions were recorded through
the recording features of the web conferencing platform.

Content of the Focus Groups
Our project discussed an app (DIALOG+) aimed to improve
outcomes of depression and anxiety in adolescents based in
Colombia. As mentioned, participating adolescents had
self-reported current or previous experience with anxiety and/or
depression, and all stakeholders had experience in this field.
Discussing mental health has the potential to open up sensitive
topics that can trigger distressing responses from participants,
particularly adolescents, who may require additional support.
We did not experience this issue in our study, as none of the
participants reported feeling distressed by the topics discussed.

However, we consider that for all focus groups, regardless of
the modality (ie, face-to-face or web-based focus groups), this
aspect must be considered when sensitive topics are discussed
as part of the study. Strategies to manage participant distress
should be discussed between researchers, such as providing
additional resources (eg, helpline and crisis contacts), clinical
staff on site, or appropriate referral pathways.

In our case, 2 of the facilitators (CG and LOP) were also
clinicians with extensive experience in child and adolescent
mental health, and they were available to be contacted during
or after the session if a participant required help, in which case
they would evaluate the need for treatment or additional
interventions and refer them to the appropriate services.

Discussion

During unprecedented circumstances, OFGs were a useful tool
to guarantee research continuity in cases where physical
distancing was mandatory [27]. This change of methodology
generated new knowledge and skills for the members of our
research team and enabled us to reduce significant delays in
meeting our research deadlines as well as collect considerable
data that allowed us to fulfill the aim of this phase of our
research project. Furthermore, the ease of organizing and
scheduling OFGs, especially for clinicians and individuals who
lived in larger geographical areas, offered a viable alternative
to face-to-face meetings. However, with the introduction of a
new technology to a traditional research method, we expected
new challenges. Based on our experience conducting OFGs
with multiple stakeholders, a summary of our recommendations
on performing OFGs is shown in Textbox 2.
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Textbox 2. Summary of recommendations to perform OFG.

Before the online focus group:

• Verify dates and hours scheduled. Double-check for any typographical errors or autocorrections in invitations.

• Consider several web conferencing services. Consider privacy and security settings, as well as familiarity of participants according to local
contexts.

• Schedule a trial meeting of short duration before the actual online focus group session to check participant’s internet connection and solve any
doubts.

• Send a brief instructive email explaining how to join the meeting, activate audio and camera, and install the selected platform desktop version.

• Consider incentives to minimize possible withdrawals.

During the online focus group:

• Encourage early login and use of headphones with built in microphone, if available.

• Schedule more time than you would for a face-to-face focus group. This allows facilitators to perform ice breaker activities and deal with technical
issues that may arise.

• Fewer participants (between 4 and 6) may have more interaction and active participation than larger groups.

The majority of challenges faced were related to technology
literacy and a lack of familiarity with new videoconferencing
software. While selecting the platform to conduct OFGs, it is
important to consider which web conferencing platform is the
most suitable for the particular target population [7,8]. We
suggest considering the security and privacy settings offered
by each one, as well as the familiarity participants might have
with them [11]. Research suggests that participants tend to be
less distracted by the web-based platform when they are more
familiar with it [15]. We noticed less discussion regarding
technical issues when we used Microsoft Teams compared to
Cisco Webex, maybe because the former is more commonly
used in Colombia. Therefore, when considering which platform
to use for OFGs, it is important to consider the preference and
familiarity of the target population.

To increase participant familiarity with the videoconferencing
system, particularly for those that had not used it before, sending
instructions on how to join meetings and setting up the
microphone and web camera can be useful, as well as prompting
individuals to install the desktop app. For the latter, verifying
that the application can access the microphone and camera is
vital (especially on Windows PCs). Prior to conducting a focus
group (both face-to-face and OFGs), we recommend participants
to double-check dates and hours on invitations, pay special
attention to any typographical errors, or autocorrections that
might have occurred.

Another strategy that helped us to use the time of the OFG
session for research-related topics was performing a trial
meeting the day before to solve concerns (related to the web
platform or the research itself), provide more personalized
assistance, and encourage participants to login early on the day
of the session. Despite specific instructions and the test trial,
minor technical issues still occurred. However, overall, these
measures considerably minimized technical and procedural
issues. Since technical challenges cannot be prevented in their
totality, we consider that it is better to schedule more time for
an OFG than you would for a face-to-face focus group [7].
Allowing additional time may also help because the novelty of
the modality can cause participants to be initially apprehensive

about participating in the discussion. Therefore, additional time
can be used to implement strategies that stimulate contribution
from each participant, such as introductory and ice-breaker
activities.

Since both settings of our study (Bogotá and Duitama) were
urban, access to computers and a reliable internet connection
were available and made it easier for us to conduct the research.
If we were to conduct OFGs in rural areas, it is likely that we
would have faced greater challenges, especially in an LMIC
like Colombia.

Unlike the experiences reported by Tuttas [25] and Kite and
Phongsavan [7], we did not face any challenges regarding sound
quality. Most participants were using headphones with built-in
microphones, so we were able to allow all participants to be
unmuted, thus allowing a more fluent discussion without much
background noise. This also meant that we did not face any
problems with the audio transcription.

We paid particular attention to the aspect of informed consent,
especially since the study involved adolescent participants. All
participants received the informed consent forms electronically
and were able to seamlessly send a scanned version with their
signatures, as well as their parent’s or guardians’ signature, as
required. This avoided any form of face-to-face contact with
the participants during the COVID-19 pandemic.

Another factor that must be kept in mind, is the number or
participants that is optimal for OFGs. In our experience, we
consider that the optimum number of participants for OFGs
would be between 3 and 5. This number is fewer than would
be expected in a traditional face-to-face focus group [28,29].
Small groups were preferred as they facilitated more interaction.
When the number of participants was higher, we observed that
some participants answered most questions and the rest would
rarely speak (unless directly asked), or the group interactions
were less extensive.

We consider that the skills of the facilitator are crucial for
directing OFGs. Certain nonverbal cues are visible via the
webcam (eg, head nodding or raising of hands), but others, such
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as direct eye contact that can signal eagerness to speak, are lost.
Therefore, interaction has to be more direct. The facilitator has
to actively invite people to communicate and has to be tactful
when there are multiple interactions, allowing everyone to
express their opinion without interrupting abruptly. With this
in mind, explaining ground rules on participation at the
beginning of the session is of great importance.

Previous studies have shown higher rates of dropouts [11,15]
and withdrawal in OFG, especially when there is a discussion
of sensitive topics [25]. We did not experience this, probably
due to the nature of the topic discussed, and the incentive of a
receiving store voucher could also have minimized dropouts.
Considering these kinds of incentives might help reduce the
rates of withdrawal. Another factor that could have contributed
is that these OFGs were conducted during lockdown and the
consequent physical distancing measures. Therefore, most of
our participants were working or studying from home and
probably had more availability to participate than in another
setting.

It is important to highlight an aspect of our research, which is
developing OFGs with adolescents. The use of the internet in
this age group can be seen as a less intimidating way of
encouraging participation [9], and their familiarity with the
online world gives them an augmented sense of control. OFGs
were perceived as a less hierarchical interaction than the one in
a face-to-face contact [30]. In our case, adolescents were clearly
fluent in the use of the web conferencing software, and we
noticed that participants, across all groups, actively participated
in both study sites.

Limitations
The major limitation of this study was that given the current
situation, the quality of the information obtained with the OFGs
could not be compared to that obtained from a face-to-face
group. This means that we do not know if the quality of data

was significantly different. When using a familiar web
conferencing service, participants mentioned feeling comfortable
with the methodology and stated that they expressed their
opinions without feeling restricted by the form of
communication. Therefore, we consider that the quality of
information obtained would have been similar had we conducted
a face-to-face focus group. We believe that sharing our
experience of conducting OFGs with adolescents in an LMIC,
in the context of the COVID-19 crisis, can be valuable for future
researchers.

Conclusions
Overall, our experience using web conferencing services to
perform OFGs was successful.

We consider that the current technological advancements
provide OFGs with great potential in research settings, especially
in the current global pandemic that has made it difficult to
conduct research. A positive aspect of the current pandemic
may be that a greater number of people who were unlikely to
use web conferencing services are now familiar with them.

It is important to note that even if this modality can overcome
geographical barriers, technical issues such as internet speed
and access to equipment are great obstacles in LMICs, especially
in rural areas. The access and knowledge to these platforms
reflect a level of access to technological resources that is not
yet universal, which means that many groups can be
underrepresented [2]. For example, certain groups, such as the
elderly or those from lower socioeconomic backgrounds, may
lack access to technology and/or technical competencies
required.

For the purposes of our research, OFGs allowed continuity with
satisfactory results, and the objectives for the initial stage of
our study were met thanks to the quality of data obtained.
Further testing of this method is required to overcome current
limitations.
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Abstract

Background: The world has been grappling with the COVID-19 pandemic, a dire public health crisis, since December 2019.
Preventive and control measures have been adopted to reduce the spread of COVID-19. To date, the public’s knowledge, attitudes,
and practices regarding COVID-19 across Bangladesh have been poorly understood. Therefore, it is important to assess people’s
knowledge, attitudes, and practices (KAP) toward the disease and suggest appropriate strategies to combat COVID-19 effectively.

Objective: This study aimed to assess the KAP of Bangladeshi people toward COVID-19 and to identify their determinants.

Methods: We conducted a country-wide cross-sectional telephonic survey from May 7 to 29, 2020. A purposive sampling
method was applied, and adult Bangladeshi citizens who have mobile phones were approached to participate in the survey.
Interviews were conducted based on verbal consent. Multiple logistic regression analyses and several tests were performed to
identify the factors associated with KAP related to COVID-19.

Results: A total of 492 of 576 Bangladeshi adults aged 18 years and above completed the interview, with a response rate of
85.4% (492/576). Of the 492 participants, 321 (65.2%) were male, and 304 (61.8%) lived in a rural area. Mean scores for
knowledge, attitudes, and practices were 10.56 (SD 2.86), 1.24 (SD 0.83), and 3.17 (SD 1.5), respectively. Among the 492
respondents, 273 (55.5%) had poor knowledge, and 251 (49%) expressed a negative attitude; 192 out of 359 respondents (53.5%)
had poor practices toward COVID-19. Mean scores of knowledge, attitudes, and practices differed significantly across various
demographic and socioeconomic groups. Rural residents had lower mean scores of knowledge (mean 9.8, SD 3.1, P<.001) and
adherence to appropriate practice measures (mean 4, SD 1.4, P<.001) compared to their urban counterparts. Positive and statistically
strong correlations between knowledge and attitudes (r=0.21, P<.001), knowledge and practices (r=0.45, P<.001), and attitudes
and practices (r=0.27, P<.001) were observed. Television (53.7%) was identified as the major source of knowledge regarding
COVID-19. Almost three-quarters of the respondents (359/492, 73%) went outside the home during the lockdown period.
Furthermore, the study found that good knowledge (odds ratio [OR] 3.13, 95% CI 2.03-4.83, and adjusted OR 2.33, 95% CI
1.16-4.68) and a positive attitude (OR 2.43, 95% CI 1.59-3.72, and adjusted OR 3.87, 95% CI 1.95-7.68) are significantly
associated with better practice of COVID-19 health measures.

Conclusions: Evidence-informed and context-specific risk communication and community engagement, and a social and
behavior change communication strategy against COVID-19 should be developed in Bangladesh based on the findings of this
study, targeting different socioeconomic groups.

(JMIR Form Res 2021;5(11):e28344)   doi:10.2196/28344
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Introduction

Since the end of 2019, the world has been confronting the
continuous morbidity and mortality caused by COVID-19 [1,2].
Bangladesh is one of the most affected countries, and it is
currently experiencing a new surge of infections. As of March
25, 2021, there had been reports of over 125 million confirmed
cases of COVID-19, including more than 2.75 million deaths
globally [3]. As of March 22, 2021, Bangladesh was among the
top 34 countries, with 0.47% of the total global COVID-19
cases [4].

In Bangladesh, the first confirmed COVID-19 cases and death
were reported on March 8 and 18, 2020, respectively [5]. Since
then, the pandemic has spread gradually over the whole country,
and the number of affected people has been increasing [4]. It
has been presumed that the consequences of COVID-19 will
be devastating in Bangladesh as, with a population of
approximately 165 million, it is the second most densely
populated country in the world, with approximately 1240 people
per square kilometer [6-8]. Moreover, a large proportion of the
population still lives below the poverty line, and almost half of
the population is exposed to multiple socioeconomic
vulnerabilities [6,9]. Further, Bangladesh suffers from a low
literacy rate [7], potentially exposing the population to
unfavorable knowledge, attitudes, and practices (KAP) toward
a persisting pandemic. Evidence has shown that
socioeconomically vulnerable communities lag in access to
health, education, and information, which may aggravate the
spread of an infectious disease [10,11].

In a short time, after the identification of the first case,
Bangladesh was recognized as the second most affected country
in South Asia. To control the spread of COVID-19, therefore,
the government declared a nationwide “general holiday”
(lockdown) for a few months and recommended that its people
maintain the standard guidelines [12-14]. Since the beginning
of the pandemic, control of the spread of SARS-CoV-2 has been
considered the most effective measure to protect people. Thus,
regarding preventing the spread of COVID-19, nonclinical
interventions such as restricting unnecessary movement,
maintaining social distance, wearing masks, and frequent and
appropriate handwashing have been suggested by the World
Health Organization (WHO) [15-17]. Maintaining such
interventions largely depends on people’s KAP, as existing
scientific evidence has shown that sociodemographic and
economic characteristics are associated with the level of people’s
knowledge and attitudes, which safeguard against disease spread
[10,18].

Inadequate knowledge, negative attitudes, and poor practices
toward an infectious disease may lead to superfluous threats,
rumors, confusion, and even unnecessary fear, which may
aggravate the pandemic. Misconception, contradictory

perception, and practice of unscientific remedies for COVID-19
were found among Bangladeshi people. Thus, it is important to
understand the KAP regarding COVID-19 among the general
population to prevent the spread of the infection. This study
will contribute to filling the gap that currently exists. The
objective of this study was to assess the KAP toward COVID-19
of Bangladeshi residents. The findings from this study are
expected to help policy makers design context-specific social
and behavior change strategies for the population in Bangladesh
and in other similar settings.

Methods

Study Design and Setting
A cross-sectional telephone survey was conducted applying a
quantitative approach. The survey was conducted from May 7
to 29, 2020, during the lockdown period in Bangladesh. The
study was conducted in all 8 administrative divisions (Barishal,
Chattogram, Dhaka, Khulna, Mymensingh, Rajshahi, Rangpur,
and Sylhet) of the country.

Recruitment Procedure
A purposively selected sample of individuals was interviewed
to measure the KAP toward COVID-19. The inclusion criteria
included Bangladeshi citizens with a minimum age of 18 years
who are in possession of a mobile phone. The researchers
collected contact numbers of the study population through direct
contact or via their network, consisting of family members,
friends, and relatives, regardless of their demographic and
socioeconomic status according to the inclusion criteria. To
ensure the fulfillment of the inclusion criteria, we asked the
respondents about their birth year and whether they had a
national identity card (which is only available to Bangladeshis
over the age of 18 years). When collecting contact numbers,
the people were informed that they might be contacted for an
interview. With this method, we developed a pool of eligible
and initially interested respondents. Before data collection, we
estimated the sample size. We assumed that 50% (P=.05) of the
population has the proper KAP toward COVID-19. With a 95%
confidence level and 5% precision level, a representative sample
of 384 was estimated using this proportion. The sample size
increased to 460 and 576 after adjusting for the 1.2 design effect
and the 20% nonresponse rate. We approached 576 individuals
who were interested in taking part in this study from 8 divisions
proportionately to the population of the respective divisions
(Barishal 5.7%, Chattogram 17.5%, Dhaka 23.3%, Khulna
11.9%, Mymensingh 7.4%, Rajshahi 14.3%, Rangpur 11.8%,
and Sylhet 6%) [19] (Figure 1), of whom 504 individuals agreed
to participate in the interview and another 72 individuals were
not interested in participating in the interview. A total of 492
completed interviews were used to analyze data after excluding
incomplete interviews.
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Figure 1. Proportion of respondents who completed interviews in 8 administrative divisions of Bangladesh.

Study Instrument and KAP Measure
We developed a questionnaire (Multimedia Appendix 1) by
following the national guidelines for clinical and community
management of COVID-19 introduced by the Government of
Bangladesh, WHO reports, and literature [15,20-22]. The
questionnaire was then translated into Bengali, contextualized
for Bangladesh, reviewed by 2 sectoral experts, piloted in 15
adult people, and finalized to ensure the respondents understood
all the KAP-related questions. The individual survey
questionnaire consisted of two sections. The first section focused
on sociodemographic and economic characteristics, including
age, gender, education, occupation, current residence, religion,
marital status, number of household members, living conditions,
toilets in the respondent’s current residence, and income level.
The second section covered KAP-related questions (including
14 items for knowledge, 2 items for attitudes, and 6 items for
practices), and the overall Cronbach α of KAP questions
regarding the final data was .86, which indicates a satisfactory
level of internal consistency [23].

The knowledge questions focused on clinical presentations of
COVID-19, transmission routes, prevention, and infection
control. The responses to these questions included “yes” and
“no” options, with an additional “don’t know” option. A correct
answer was assigned a value of 1, and an incorrect or “don’t

know” answer was assigned a value of 0. The total knowledge
score ranged from 0 (no correct answers) to 14 (all correct
answers), with a higher score indicating better knowledge of
COVID-19. To determine the knowledge level, following
Bloom’s cutoff point [24], we determined that 80% to 100%
positive responses indicated good knowledge and percentages
of positive responses below that indicated poor knowledge.

A similar scoring approach was used for classifying positive
and negative attitudes and for good and poor practices. To
measure attitudes toward COVID-19, selected participants were
asked 2 questions: whether they agreed, disagreed, or were not
sure that the pandemic would be successfully controlled across
the world, and their level of confidence that Bangladesh would
win the battle against COVID-19.

Similarly, to measure practices, 5 self-reported statements were
used, namely, whether respondents had avoided crowded places
while being outside; maintained the recommended social
distance of 1 m (or approximately 3 feet); worn a mask regularly
and correctly when outside; washed their hands regularly and
thoroughly after coming from outside and before eating or
touching the mouth, nose, or eyes; and maintained the
recommended hand washing duration of 20 to 30 seconds each
time. However, for practice data, we only concentrated on the
high-risk population in terms of mobility. We purposively
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collected information on practices toward COVID-19 only from
those respondents who left their homes during the COVID-19
lockdown period. The complete set of data collected is available
in Multimedia Appendix 2.

Statistical Analysis
Both descriptive and inferential statistical analyses were
performed. In the descriptive analyses, the characteristics of the
study participants were presented in terms of frequency and
percentage with a 95% confidence interval. The Wilcoxon rank
sum test for 2 categorical variables and Kruskal-Wallis test for
more than 2 categorical variables were performed to test the
statistical inferences across demographic and socioeconomic
information and KAP scores, respectively. The Spearman rank
correlation test was performed to assess the correlations between
the scores of knowledge and attitudes, knowledge and practices,
and attitudes and practices. Multiple logistic regression analyses
were used to assess the association of the demographic and
socioeconomic characteristics of the respondents with their
levels of knowledge, attitudes, and practices separately.
Furthermore, the associations among knowledge and attitudes,
knowledge and practices, and attitudes and practices were
assessed to verify the internal consistency. In this analysis, the
degree of knowledge, type of attitude, and level of practice were
considered dependent variables, whereas age group, sex,
education level, occupation, and other variables were considered
independent variables. A P value <.05 was considered

statistically significant. We analyzed the data using Stata SE,
version 13.0 (StataCorp LLC).

Ethics Approval and Consent of Respondents
The research protocol, questionnaire, consent statement, and
procedures of obtaining informed consent were approved by
the Ethical Review Committee (2020/01) of the Public Health
Foundation, Bangladesh. As the interview was conducted over
the telephone, informed verbal consent was obtained from all
respondents before the interview. Respondents were informed
in Bengali about their rights to voluntary participation and to
withdraw from the interview at any point. Respondents were
assured of the anonymity of the data they provided.

Results

Demographic and Socioeconomic Characteristics
A total of 492 individuals were interviewed in this study, and
the majority of them belonged to a younger age group (n=256,
52%, aged ≤35 years). Among the 492 respondents, 321 (65.2%)
were male, 156 (31.7%) had a bachelor’s degree or higher level
of education, 304 (61.8%) were from a rural area, 202 (41%)
were unemployed and had no income, and 449 (91.3%) had
access to available running water. Other characteristics are
shown in Table 1. Moreover, Multimedia Appendix 3 presents
the demographic and socioeconomic characteristics of the
respondents by administrative division.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28344 | p.756https://formative.jmir.org/2021/11/e28344
(page number not for citation purposes)

Rabbani et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 1. Demographic and socioeconomic characteristics of the respondents (N=492).

ValuesCharacteristic

95% CIn (%)

Age group (years)

14-20.784 (17.1)≤25

30.9-39.3172 (35)26-35

13.8-20.583 (16.9)36-45

9.4-15.259 (12)46-55

8.5-14.154 (11)56-65

6-10.940 (8.1)≥66

Sex

60.9-69.3321 (65.2)Male

30.7-39.1171 (34.8)Female

Education level

12.5-18.976 (15.5)No education

14.5-21.387 (17.7)Primary

17.6-24.8103 (20.9)Secondary

11.4-17.670 (14.2)Higher secondary

27.7-36156 (31.7)Bachelor’s degree and above

Occupation

36.8-45.5202 (41.1)Currently unemployed

23.5-31.4134 (27.2)Service holder

4-8.128 (5.7)Farmer

9-14.757 (11.6)Businessperson

8.1-13.652 (10.6)Day laborer

2.5-619 (3.9)Other

Religion

89.6-94.3454 (92.3)Muslim

5.7-10.438 (7.7)Other

Current residence

34-42.6188 (38.2)Urban

57.4-66304 (61.8)Rural

Marital status

63-71.3331 (67.3)In a marital relationship

28.7-37161 (32.7)Not in a marital relationship

Family size

18.7-26.1109 (22.2)1-3 members

59.9-68.4316 (64.2)3-6 members

10.9-1767 (13.6)>7 members

Earning person in the family

0.5-2.76 (1.2)None

47-55.8253 (51.4)1 person

43-51.8233 (47.4)≥2 persons

Monthly income (BDTa)
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ValuesCharacteristic

95% CIn (%)

36.8-45.5202 (41.1)No income

19.1-26.5111 (22.6)≤10,000

13.2-19.880 (16.3)10,001-20,000

5.8-10.739 (7.9)20,001-3,0000

4.8-9.333 (6.7)30,001-40,000

3.8-7.927 (5.5)>40,000

Availability of running water at home

88.4-93.5449 (91.3)Yes

6.5-11.643 (8.7)No

Division of residence

4.3-8.630 (6.1)Barishal

14.5-21.387 (17.7)Chattogram

20.8-28.4120 (24.4)Dhaka

9.4-15.259 (12)Khulna

5.7-10.438 (7.7)Mymensingh

11.2-17.469 (14.0)Rajshahi

9.4-15.259 (12)Rangpur

4.3-8.630 (6.1)Sylhet

aBDT: Bangladeshi Taka. 1 BDT=US $.012.

Knowledge About COVID-19
The mean score of knowledge was estimated at 10.56 (SD 2.86),
where the range of scores varied between 0 and 14. The correct
response rates regarding the individual knowledge questions
ranged between 55.3% (272/492) and 91.5% (450/492). Most
of the 492 respondents provided correct responses to the items
related to common symptoms (n=447, 90.9%), mode of
spreading (n=404, 82.1%), and knowledge about preventive
practices, eg, avoiding crowded places (n=409, 83.1%),

maintaining recommended social distancing (n=420, 85.4%),
and frequent hand washing (n=450, 91.5%) (a detailed
distribution is available in Multimedia Appendix 4). Overall,
219 of 492 participants (44.5%) were able to provide correct
answers for 11 or more questions out of the total 14 questions,
for which they obtained a total score of 11.1 (representing a
minimum of 80% of the total score). A score of 11.1 or more
was considered to indicate good knowledge about COVID-19
(Table 2).

Table 2. Data related to the survey questions, scores, and levels of knowledge, attitudes, and practices regarding COVID-19 (N=492).

Level, n (%)ScoreNumber of questionsVariable

Good or positivePoor or negativeTotal, mean (SD)Range

219 (44.5)273 (55.5)10.56 (2.86)0-1414Knowledge

241 (49)251 (51)1.24 (0.83)0-22Attitudes

167 (46.5)192 (53.5)3.17 (1.50)0-55Practices

Attitudes Toward COVID-19
The mean score of attitudes based on the 2 questions in the
attitude domain was estimated at 1.24 (SD 0.83, range 0-2). The
minimum percentage of respondents providing a positive
response for any single question in the attitude domain was
55.3% (272/492), and the maximum percentage of respondents
providing a positive response for any single question was 68.5%
(337/492). A total of 241 (49%) of the 492 respondents had a
strong positive attitude toward the successful control of the
pandemic, considering the 2 questions added in the domain.

The maximum possible score was 2, which was 0.76 higher
than the mean score in the attitude domain (Table 2).

Practices Around COVID-19
The mean score of practices was estimated at 3.17 (SD 1.50,
range 0-5). The minimum percentage of respondents who
provided positive answers for any single question in the practices
domain was 42.6% (153/492), and the maximum percentage of
respondents providing positive answers for any single question
was 76% (273/492) (a detailed distribution is available in
Multimedia Appendix 2). Respondents scoring between 80%
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and 100% (equivalent to a score of 4 out of 5) were considered
to have good practices toward COVID-19. According to this
cutoff, 167 of the 359 respondents (46.5%) who left their homes
during the lockdown were found to demonstrate good practices
toward COVID-19 (Table 2).

Table 3 shows a comparison of the KAP scores across the
respondents’ characteristics. A statistically significant
knowledge difference was found between age groups, sexes,
education levels, occupations, types of residence, marital
relationships, and income quantiles, as well as across divisions.
Regarding attitudes, statistically significant variations in attitude
scores were found between the religious groups, marital
relationships, and administrative divisions. Regarding practices,
statistical differences were found between age groups, sexes,
levels of education, occupations, religions, types of residence,

income quantiles, and water availability at home, as well as
across administrative divisions. Similar trends were observed
in knowledge and practices: both were comparatively low among
the older groups; both knowledge (mean 12.2, SD 1.4; P<.001)
and practices (mean 5, SD 0.9; P<.001) were strongly and
positively correlated with a higher level of education. Among
different types of professionals, those in the service sector were
found to have higher knowledge (mean 12, SD 1.6) and to adopt
better practices. On average, rural respondents had significantly
lower knowledge (mean 9.8, SD 3.1; P<.001) and practice (mean
4, SD 1.4; P<.001) scores compared to urban respondents.
Regarding the administrative divisions, our results demonstrate
that knowledge (mean 7.7, SD 3.6; P<.001), attitude (mean 0.8,
SD 0.8; P<.001), and practice (mean 3.6, SD 1.2; P<.001) scores
were comparatively low in the Rajshahi division.
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Table 3. Mean scores of knowledge, attitude, and practice toward COVID-19 among the respondents.

P valuePractice score,
mean (SD)

nP valueAttitude score,
mean (SD)

P valueKnowledge
score, mean (SD)

nCharacteristic

<.001.49<.001Age groupa (years)

4.1 (1.1)581.3 (0.8)11.3 (2)84≤25

4.7 (1.2)1341.3 (0.8)11.7 (2.1)17226-35

4.2 (1.3)691.3 (0.8)10.5 (2.6)8336-45

4 (1.5)461.1 (0.9)9.2 (3)5946-55

4.1 (1.3)341.1 (0.8)9.1 (3.4)5456-65

3.4 (1.6)181.3 (0.8)8.1 (3.6)40>66

.02.39.02Sexb

4.5 (1.2)2661.3 (0.8)10.8 (2.8)321Male

3.9 (1.4)931.2 (0.8)10.2 (3)171Female

<.001.65<.001Education levela

3.4 (1.2)451.3 (0.8)8.4 (3.3)76No education

3.9 (1.4)681.1 (0.9)9 (3.5)87Primary

4.1 (1.4)751.2 (0.8)10.3 (2.3)103Secondary

4.5 (1.1)551.3 (0.9)11.5 (1.8)70Higher secondary

5 (0.9)1161.3 (0.8)12.2 (1.4)156Bachelor’s degree and above

<.001.38<.001Occupationa

3.8 (1.4)1151.2 (0.8)10.3 (2.9)202Currently unemployed

5 (0.7)1101.3 (0.8)12 (1.6)134Service holder

4 (1.5)241 (0.9)7.6 (3.9)28Farmer

4.6 (1.2)551.4 (0.8)10.6 (2.4)57Businessperson

3.7 (1.4)391.2 (0.9)9.4 (2.9)52Day laborer

4.3 (1.2)161 (0.9)10.7 (3.5)19Other

.19<.001.08Religionb

4.4 (1.3)3321.2 (0.8)10.5 (2.9)454Muslim

3.6 (1.2)271.7 (0.6)11.3 (2.3)38Other

<.0010.28<.001Current residenceb

4.8 (0.8)1311.3 (0.8)11.7 (1.9)188Urban

4 (1.4)2281.2 (0.8)9.8 (3.1)304Rural

.03.02<.001Marital statusb

4.2 (1.4)2501.2 (0.8)10.1 (2.9)331In a marital relationship

4.6 (1.1)1091.4 (0.8)11.5 (2.5)161Not in a marital relationship

.25.57.48Family sizea

4.4 (1.3)831.2 (0.8)10.8 (2.8)1091-3 members

4.3 (1.3)2331.3 (0.8)10.6 (2.9)3163-6 members

4 (1.5)431.3 (0.8)10.2 (2.9)67≥7 members

. 48.24.30Earning person in householda

4.7 (0.6)31 (0.9)12.2 (1.5)6No earning person

4.3 (1.3)1791.2 (0.8)10.5 (2.8)2531 earning person

4.3 (1.3)1771.3 (0.8)10.6 (3)233≥2 earning persons
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P valuePractice score,
mean (SD)

nP valueAttitude score,
mean (SD)

P valueKnowledge
score, mean (SD)

nCharacteristic

<.001.13<.001Monthly incomea (BDTc)

3.9 (1.3)1161.3 (0.8)10.3 (2.9)202No income

4 (1.4)891 (0.9)9.2 (3.3)111≤ 10000

4.8 (1.1)701.4 (0.8)11.2 (2.1)8010001-20000

4.6 (1.1)341.3 (0.8)12.2 (1.9)3920001-30000

5 (0.8)251.2 (0.9)12 (1.5)3330001-40000

4.6 (1.1)251.4 (0.7)12.5 (2)27> 40000

.09.02.11Availability of water at homeb

4.3 (1.3)3321.3 (0.8)10.6 (2.9)449Yes

4.9 (1)271 (0.9)10.4 (2.1)43No

<.001<.001<.001Division of residencea

4.4 (1.5)191.2 (0.8)10.4 (3)30Barishal

5 (1.1)621 (0.9)11.7 (1.7)87Chattogram

4.2 (1.2)851.3 (0.7)10.8 (2.2)120Dhaka

4.8 (1)531.8 (0.5)11.8 (1.3)59Khulna

4.6 (1.7)291.6 (0.8)11 (2.6)38Mymensingh

3.6 (1.2)680.8 (0.8)7.7 (3.6)69Rajshahi

3.8 (1.4)261.3 (0.8)9.4 (3.6)59Rangpur

3.9 (1.3)171.5 (0.9)12.3 (1.6)30Sylhet

aKruskal-Wallis test.
bWilcoxon rank sum test.
cBDT: Bangladeshi Taka. 1 BDT=US $.012.

Correlations Between Knowledge, Attitude, and
Practice Scores
Table 4 illustrates the Spearman rank correlation coefficients
and the statistically significant levels of the coefficients. The

test showed positive and statistically strong correlations of
knowledge with attitudes, knowledge with practices, and
attitudes with practices (P<.001).

Table 4. Correlations between knowledge, attitude, and practice scores.

P valueSpearman rank correlation coefficientCorrelation

<.0010.21Knowledge-Attitude

<.0010.45Knowledge-Practice

<.0010.27Attitude-Practice

Factors Associated With Knowledge
Model 1 in Table 5 demonstrates the factors associated with
knowledge about COVID-19. The unadjusted model showed
that several factors, such as age group, sex, education,
occupation, current residence, administrative division, marital
status, and income level were significantly associated with
knowledge on COVID-19; the adjusted model, after removing
the confounding effects of the independent variables, showed
that education, marital status, family size, monthly income, and
administrative divisions were significantly associated with
knowledge about COVID-19. The higher age groups (ie, 46-55
years: odds ratio [OR] 0.34, 95% CI 0.17-0.7; 56-65 years: OR

0.42, 95% CI 0.2-0.87; ≥66 years: OR 0.18, 95% CI 0.07-0.46)
were more likely to have poor knowledge compared to the
reference age group of 25 years or below. Female respondents
(OR 0.64; 95% CI 0.44-0.94) were more likely to have poor
knowledge compared to their male counterparts. Among the
different occupation groups, farmers (OR 0.42, 95% CI
0.16-1.09) and day laborers (OR 0.42, 95% CI 0.2-0.86) were
significantly more likely to have lower knowledge compared
to those who were not employed. In terms of residence, those
living in rural areas had a significantly lower level of knowledge
toward COVID-19 (OR 0.44, 95% CI 0.3-0.64) compared to
their urban counterparts. According to administrative divisions,
the Rajshahi division respondents (OR 0.25, 95% CI 0.09-0.65,
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and adjusted OR 0.22, 95% CI 0.06-0.73) had a lower level of
knowledge compared to the respondents from the reference

division, Barishal.
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Table 5. Association of characteristics with knowledge and attitudes toward COVID-19.

Model 2: AttitudesModel 1: KnowledgeCharacteristic

Adjusted OR (95% CI)OR (95% CI)Adjusted OR (95% CI)ORa (95% CI)

Age group (years)

RefRefRefRefb≤25

0.95 (0.48-1.89)0.98 (0.58-1.64)1.93 (0.92-4.06)1.77* (1.05-3.01)26-35

1.15 (0.5-2.61)0.98 (0.53-1.79)0.79 (0.31-1.99)0.57 (0.3-1.05)36-45

0.74 (0.3-1.8)0.75 (0.38-1.47)0.87 (0.31-2.39)0.34* (0.17-0.7)46-55

0.66 (0.25-1.72)0.66 (0.33-1.31)1.33 (0.45-3.9)0.42* (0.2-0.87)56-65

0.79 (0.28-2.26)1.05 (0.5-2.24)0.38 (0.1-1.41)0.18* (0.07-0.46)≥66

Sex

RefRefRefRefMale

0.9 (0.54-1.5)0.87 (0.6-1.27)0.67 (0.38-1.2)0.64* (0.44-0.94)Female

Education level

RefRefRefRefNo education

0.74 (0.35-1.56)0.77 (0.42-1.43)1.88 (0.75-4.69)2.38* (1.08-5.25)Primary

0.56 (0.26-1.2)0.8 (0.44-1.44)1.59 (0.62-4.06)2.43* (1.13-5.23)Secondary

0.57 (0.22-1.5)1.19 (0.62-2.29)4.58* (1.53-13.72)7.88* (3.56-17.45)Higher secondary

0.3* (0.12-0.77)0.92 (0.53-1.6)6.07* (2.14-17.23)15.53* (7.49-32.2)Bachelor’s degree and above

Occupation

RefRefRefRefCurrently unemployed

2.2 (0.83-5.81)1.16 (0.75-1.8)0.77 (0.27-2.2)2.98* (1.89-4.69)Service holder

1.58 (0.46-5.42)0.73 (0.33-1.63)0.62 (0.16-2.45)0.42 (0.16-1.09)Farmer

3.54* (1.2-10.47)1.66 (0.92-3.02)0.43 (0.13-1.39)1.22 (0.67-2.2)Businessperson

2.37 (0.85-6.61)1.04 (0.57-1.92)0.35 (0.11-1.14)0.42* (0.2-0.86)Day laborer

1.85 (0.48-7.19)0.82 (0.32-2.12)1.15 (0.29-4.6)1.73 (0.67-4.45)Other

Religion

RefRefRefRefMuslim

3.56* (1.31-9.64)5.15* (2.22-11.93)0.8 (0.29-2.2)1.6 (0.82-3.11)Other

Current residence

Ref.Ref.Ref.Ref.Urban

0.77 (0.47-1.27)0.87 (0.61-1.26)0.67 (0.39-1.14)0.44* (0.3-0.64)Rural

Marital status

RefRefRefRefIn a marital relationship

1.56 (0.95-2.57)1.4 (0.96-2.05)1.98* (1.14-3.43)2.6* (1.76-3.82)Not in a marital relationship

Family size

RefRefRefRef1-3 members

1.49 (0.86-2.61)1.32 (0.85-2.05)2.13* (1.14-3.96)0.98 (0.63-1.51)3-6 members

1.27 (0.57-2.83)1.16 (0.63-2.14)0.98 (0.39-2.47)0.56 (0.3-1.05)>7 members

Earning person in household

RefRefRefRefNone

2.95 (0.46-18.95)1.72 (0.31-9.56)0.23 (0.03-1.81)0.38 (0.07-2.1)1

4.03 (0.61-26.56)2.2 (0.39-12.24)0.23 (0.03-1.82)0.42 (0.07-2.32)≥2
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Model 2: AttitudesModel 1: KnowledgeCharacteristic

Adjusted OR (95% CI)OR (95% CI)Adjusted OR (95% CI)ORa (95% CI)

Monthly income (BDTc)

RefRefRefRefNo income

0.42 (0.17-1.03)0.74 (0.46-1.18)2.2 (0.82-5.92)0.81 (0.5-1.33)≤ 10000

0.37 (0.14-1.01)1.34 (0.79-2.25)1.56 (0.54-4.5)1.6 (0.95-2.7)10001-20000

0.29* (0.09-0.91)1.1 (0.55-2.17)2.51 (0.74-8.54)4.5* (2.12-9.56)20001-30000

0.32 (0.1-1.06)1.11 (0.53-2.31)2.73 (0.78-9.58)3.53* (1.62-7.7)30001-40000

0.25* (0.07-0.9)1.12 (0.5-2.5)14.28* (3.08-66.16)10.16* (3.38-30.52)>40000

Availability of water at home

RefRefRefRefYes

0.54 (0.25-1.15)0.53 (0.27-1.02)0.54 (0.24-1.24)0.51 (0.26-1.01)No

Knowledge about COVID-19

RefRefN/AN/AdPoor

1.76* (1.07-2.89)1.93* (1.34-2.76)N/AN/AGood

Division of residence

RefRefRefRefBarishal

1.14 (0.46-2.84)1.06 (0.45-2.47)1.38 (0.48-3.94)1.4 (0.61-3.23)Chattogram

0.86 (0.35-2.12)1.11 (0.49-2.51)1.02 (0.36-2.91)0.7 (0.31-1.59)Dhaka

8.96* (2.98-26.98)7.35* (2.71-19.94)1.58 (0.51-4.89)2.37 (0.96-5.81)Khulna

4.29* (1.39-13.27)4.2* (1.5-11.73)2.87 (0.83-9.94)2.01 (0.76-5.3)Mymensingh

0.42 (0.15-1.18)0.45 (0.18-1.14)0.22* (0.06-0.73)0.25* (0.09-0.65)Rajshahi

1.54 (0.53-4.49)1.35 (0.56-3.3)3.41 (0.98-11.83)0.84 (0.34-2.04)Rangpur

1.63 (0.49-5.42)3.5* (1.2-10.2)5.37* (1.24-23.22)5.23* (1.66-16.51)Sylhet

aOR: odds ratio.
bRef: reference.
cBDT: Bangladeshi Taka. 1 BDT=US $.012.
dN/A: not applicable.
*P<.05.

Figure 2 shows the sources of knowledge and indicates that
television (264/492, 53.7%), followed by social media (107/492;
21.8%), is the major source of knowledge on COVID-19 for

the study population. Other important sources included family
members (43/492, 8.7%), neighbors (37/492, 7.5%), and the
internet (23/492, 4.7%).
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Figure 2. Source of knowledge about COVID-19 among the respondents.

Factors Associated With Attitudes
Model 2 of Table 5 demonstrates the factors associated with
attitudes toward COVID-19. In the unadjusted model, religion,
knowledge about COVID-19, and administrative division
showed a significant association with a positive attitude toward
COVID-19. Controlling for the confounding effects of the
independent variables confirmed the significant influence of
education, occupation, religion, monthly income, knowledge
about COVID-19, and administrative division on positive
attitudes toward COVID-19. According to education level,
people with higher education levels (adjusted OR 0.3, 95% CI
0.12-0.77) were more likely to have a negative attitude toward

control of COVID-19 than those with no education. People with
an income level between BDT 20,001 and 30,000 (US $198
and $297, adjusted OR 0.29, 95% CI 0.09-0.91) and more than
BDT 40,000 (US $396, adjusted OR 0.25, 95% CI 0.07-0.9)
had a higher likelihood of a negative attitudes toward controlling
COVID-19 compared to those with no income.

Figure 3 shows that 359 of the 492 study participants (73%)
went outside the home in the week preceding the survey during
the lockdown period. As mentioned earlier in the Methods
section, information on practices toward COVID-19 was
collected only for those respondents who left their homes during
the lockdown period. Among this group, 266 of 359 (74.1%)
were male.

Figure 3. Distribution of respondents according to their mobility during the lockdown period.

Figure 4 shows that among the 359 respondents who left their
homes during the lockdown, 131 (37.5%) went out due to work,
followed by 123 (34.3%) to purchase essential goods such as

food and medicine. However, 16 of the 359 respondents (4.5%)
went out for no particular reason.
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Figure 4. Reason for going outside of the home among respondents during the lockdown period.

Factors Associated With Practices
Table 6 demonstrates the factors associated with self-reported
practices regarding COVID-19. The unadjusted model showed
that several sociodemographic factors, such as age group,
education, occupation, monthly income, water availability at
home, knowledge, attitude, and administrative division were
significantly associated with good practices toward COVID-19.
The adjusted model, after removing the other variables'
confounding effects, showed that education level, occupation,
religion, monthly income, knowledge, attitude, and

administrative divisions were significantly associated with good
practices toward COVID-19. The results showed that compared
to Muslims, people of other religions (adjusted OR 0.14; 95%
CI 0.04-0.51) had a higher likelihood of poor practices.
According to income level, respondents with a monthly income
of more than BDT 40,000 (US $396; adjusted OR 0.1; 95% CI
0.02-0.6) had more likelihood of poor practices than those in
the no income reference category. Respondents who were from
the Rajshahi division (OR 0.18; 95% CI 0.06-0.59) were more
likely to have poor practices compared to those from the
reference Barisal division.

JMIR Form Res 2021 | vol. 5 | iss. 11 |e28344 | p.766https://formative.jmir.org/2021/11/e28344
(page number not for citation purposes)

Rabbani et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 6. Association of characteristics with self-reported practices toward COVID-19.

Adjusted OR (95% CI)Unadjusted ORa (95% CI)nCharacteristic

Age group (years)

RefRefb58≤25

1.52 (0.56-4.12)2.06* (1.1-3.85)13426-35

1.21 (0.36-4)1.57 (0.77-3.18)6936-45

1.93 (0.5-7.41)0.98 (0.44-2.16)4646-55

2.27 (0.55-9.4)0.73 (0.3-1.77)3456-65

0.52 (0.08-3.19)0.3 (0.08-1.17)18≥66

Sex

RefRef266Male

0.92 (0.39-2.18)0.69 (0.43-1.12)93Female

Education level

RefRef45No education

1.03 (0.33-3.22)1.46 (0.61-3.5)68Primary

2.75 (0.86-8.82)2.9* (1.26-6.7)75Secondary

1.89 (0.49-7.22)2.92* (1.21-7.04)55Higher secondary

7.43* (1.95-28.33)7.18* (3.22-16.03)116Bachelor’s degree and above

Occupation

RefRef115Currently unemployed

1.99 (0.42-9.47)2.51* (1.47-4.3)110Service holder

7.34* (1.09-49.33)0.97 (0.39-2.4)24Farmer

2.39 (0.45-12.75)1.67 (0.87-3.2)55Businessperson

3.47 (0.67-18.09)0.72 (0.33-1.56)39Day laborer

1.3 (0.22-7.86)1.26 (0.44-3.61)16Other

Religion

RefRef332Muslim

0.14* (0.04-0.51)0.46 (0.2-1.08)27Other

Current residence

RefRef131Urban

0.94 (0.46-1.93)0.71 (0.46-1.09)228Rural

Marital status

RefRef250In a marital relationship

0.89 (0.43-1.85)1.07 (0.68-1.68)109Not in a marital relationship

Family size

RefRef831-3 members

0.82 (0.38-1.8)1.04 (0.63-1.72)2333-6 members

0.68 (0.21-2.25)0.67 (0.31-1.42)43≥7 members

Earning person in household

Ref.Ref.3None

0.21 (0.01-3.6)0.51 (0.05-5.68)1791 person

0.19 (0.01-3.15)0.37 (0.03-4.13)177≥2 persons

Monthly income (BDTc)
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Adjusted OR (95% CI)Unadjusted ORa (95% CI)nCharacteristic

RefRef116No income

0.32 (0.08-1.33)0.65 (0.36-1.16)89≤10000

0.9 (0.21-3.8)2.4* (1.3-4.41)7010001-20000

0.32 (0.06-1.74)1.79 (0.83-3.88)3420001-30000

0.85 (0.13-5.77)3.0*1 (1.2-7.54)2530001-40000

0.1* (0.02-0.6)1.11 (0.47-2.66)25>40000

Availability of water at home

RefRef332Yes

2.27 (0.68-7.6)2.46* (1.07-5.63)27No

Knowledge about COVID-19

RefRef195Poor

2.33* (1.16-4.68)3.13* (2.03-4.83)164Good

Attitude toward COVID-19

RefRef96Negative

3.87* (1.95-7.68)2.43* (1.59-3.72)263Positive

Division of residence

RefRef19Barishal

11.85* (2.72-51.57)6.38* (2.08-19.53)62Chattogram

1.5 (0.4-5.63)0.87 (0.32-2.4)85Dhaka

10.09* (2.15-47.41)6.72* (2.11-21.42)53Khulna

0.89 (0.2-4.03)1.47 (0.46-4.73)29Mymensingh

0.32 (0.07-1.42)0.18* (0.06-0.59)68Rajshahi

0.48 (0.09-2.74)0.33 (0.09-1.24)26Rangpur

0.24 (0.04-1.51)0.29 (0.06-1.38)17Sylhet

aOR: odds ratio.
bRef: reference.
cBDT: Bangladeshi Taka. 1 BDT=US $.012.
*P<.05.

Discussion

Principal Results
Appropriate participation is essential for effective control and
prevention of an infectious disease such as COVID-19.
Nevertheless, this participation relies fundamentally on adequate
knowledge and improved practices against the infection. In our
study, we applied a survey through one-to-one audio
communication instead of web-based surveys to evaluate gaps
and needs in the fight against COVID-19 during the period of
its rapid rise in Bangladesh. We found that 55.5% of respondents
had poor knowledge, 49% expressed a negative attitude about
controlling this disease nationally and globally, and 53.5% had
unfavorable practices toward COVID-19. Our analysis has
shown that the knowledge related to COVID-19 of certain
demographic and socioeconomic groups (eg, those who were
aged ≥46 years; were female; had no education; were farmers,
day laborers, or rural residents; were in a marital relationship;
had a larger family; earned less than BDT 20,001 [US $236];

and were residents of Rajshahi Division) is significantly lower
than that of respondents in the corresponding reference
categories. Most people rely on television, followed by social
media, as a source of knowledge. Almost three-quarters of the
respondents left home during the lockdown period, the majority
of whom were male (74%). Those with no education lagged
behind those with secondary or higher education. Finally, we
found that better practice of COVID-19 health measures was
associated with good knowledge and a positive attitude toward
COVID-19.

We also found poor knowledge to be significantly associated
with several demographic and socioeconomic factors of
individuals. Better socioeconomic status contributed to a higher
level of COVID-19–related knowledge among people in
Bangladesh. Although the study was conducted some months
after the onset of the pandemic, the influence of socioeconomic
status remained, indicating unequal penetration of information
on COVID-19 management throughout society. The study
findings indicate that knowledge about COVID-19 increased
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as age decreased; older people had lower levels of knowledge.
This finding is supported by several other international studies
from developing and developed countries that report older
respondents having poor knowledge of COVID-19 compared
to younger populations [10,21,25]. The physical condition,
cognitive status, and limited access to information of the older
population may influence their ability to understand information
on COVID-19 and may contribute to the poorer knowledge
level among this population [26]. Lack of familiarity and limited
use of modern technology may be other reasons for poor
knowledge among older adults [27,28]. The study found that
farmers and daily laborers were more likely to have poor
knowledge about COVID-19. This finding is similar to that in
a study conducted in China [21], which found that laborers had
poorer knowledge of this topic.

From the beginning of the pandemic, there has never been an
effective lockdown in place in Bangladesh. Primarily, this may
have been the result of the government’s policy to declare this
crucial time a general holiday rather than a lockdown [29,30].
The notion of a holiday did not help people to recognize the
importance of staying at home as much as possible. People were
under the impression that they were free to roam around. As a
result, many people willingly ignored the stay-at-home or social
distancing guidelines. They took the opportunity to move to
different cities across the country, which we anticipate might
have contributed to the rapid spread of infection at the
community level throughout the country [31]. Subsequently,
the government extended the general holiday without ensuring
adequate subsistence support for low-income residents before
imposing a lockdown, which may also have compelled people
to leave their homes [32]. Further, the rapid change in lockdown
timing every week might have precluded people from making
adequate preparation. Moreover, the government’s inability to
provide information on how people in lockdown situations could
access essential materials for their everyday life and engage
community groups for meeting essential needs may be one
reason for the poor practice of safety measures among the
population [33]. This result reinforces the conclusions of
previous studies identifying strict prevention practices and
mobilizing community volunteers to support people under
lockdown as the primary solutions for reducing the spread of
COVID-19 in China and Vietnam [21,34,35].

Bangladesh is still a predominantly rural country, with only
37% of its population living in urban areas [36]. However, rural
areas lag behind urban areas in most socioeconomic and health
indicators. For example, only 76% of rural areas are served by
the national electricity grid (compared to 92% of urban areas),
and only 38% of rural households own a television (compared
to 70% in urban areas). In terms of demographic and health
indicators, we find that 61% of rural women marry before the
age of 18 years (compared to 55% of urban women), 79% of
rural women receive antenatal care from a skilled provider
(compared to 90% of urban women), and 45% give birth in a
health facility (compared to 63% of urban women); moreover,
33% of rural children under the age of 5 years are stunted
(compared to 25% of urban children) [37]. Consistent with this
reduced health-seeking behavior, the current study found that
rural residents were less likely to adhere to COVID-19–related

hygiene practices. Adding to this poor practice was the risk of
the rapid spread of infection caused by migrants returning to
the rural community from different countries around the world
during the pandemic period [38,39]. Lower awareness in rural
communities about health policy and programs has been
observed in several other countries, and this phenomenon may
pose a higher degree of threat in the case of communicable
diseases such as COVID-19 [10,40,41].

Good knowledge and a positive attitude toward controlling
COVID-19 were found to be associated with good practice of
safety measures. This finding is well recognized in several
global studies, in which it was found that good knowledge and
a positive attitude toward COVID-19 lead to improved practice
of safety measures [10,22,42,43]. It is worth mentioning that
the consistency of theory-based approaches demonstrates an
association among knowledge, belief, and change in human
behavior [44]. Thus, it has been recognized that adequate and
proper knowledge of a specific health emergency is a key
modifier of personal belief that leads to changing human
behavior [45]. When combined with good knowledge and
positive attitudes, a higher level of appropriate practice was
identified among respondents. This may result from a higher
level of accurate knowledge about common symptoms, mode
of spread, and knowledge about preventive practices (eg,
avoiding crowded places, maintaining recommended social
distance, and frequent hand washing).

Because KAP levels vary across different socioeconomic groups,
we recommend that customized information on COVID-19 be
developed targeting different groups in Bangladesh, such as
villagers, slum-dwellers, township residents, and urban
middle-class citizens. Special emphasis should be given to the
groups with lower KAP scores, such as older persons, females,
less educated people, farmers, day laborers, rural residents,
those in a marital relationship, those with a larger family, those
with low income, and residents of the Rajshahi division. The
information should be clearly and widely circulated through
contextually appropriate channels at a massive level,
emphasizing television and social media, as these were found
to be the major sources of information. Additionally, because
many people did not comply with the lockdown directives, the
implementation of a lockdown should encompass a well-planned
support system that includes subsistence support for low-income
individuals, arranging emergency requirements for the
locked-down community, communicating clearly what to do
and what not to do during the lockdown, and clarifying whom
to consult in the case of any unforeseen situation. A voluntary
community support group might be engaged to support people’s
needs. Instead of arbitrarily increasing the duration of lockdown
on a week-by-week basis, a predetermined guide period should
be established, in consultation with epidemiologists, and clearly
communicated to the public so that they may make adequate
preparation to stay at home for the entire period. The term
“national holiday” may not convey the right message to the
public; therefore, “lockdown” or any contextually appropriate
synonym, in consultation with communication experts or social
scientists, should be used instead. Special attention should be
directed toward rural communities, where engagement in
COVID-19 health practices is lower. Finally, because practices
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are associated with knowledge and attitude, we recommend that
a scientifically oriented social and behavioral change
communication strategy be developed in consultation with the
relevant experts. Religious, cultural, political, and other
community-based agents can be consulted and actively engaged
in turning these strategies into actions or practices.

Limitations
This study is not free from limitations. First, the study is limited
by the sampling method. Thus, selection bias may exist. Another
limitation is the study population. This study only considered
adults who use mobile phones. Moreover, data were collected
over mobile phone calls, which is not a familiar process in
Bangladesh. Thus, response bias may exist, and only those
concerned more about the COVID-19 emergency may have
participated in the study. Therefore, the results may not be
generalizable to other people who are not mobile phone users.
The number of questions under the Attitudes section, where
only 2 questions were considered in the KAP questionnaire to
measure the attitude level, limited the depth of this domain. The
major limitation can be considered with regard to the study
design. As this is a cross-sectional study, causal inferences
cannot be drawn between the significant factors and the KAP
levels.

Strengths
Despite the above limitations, the study’s strength lies in the
fact that it includes data from 8 administrative divisions

throughout the country and that participants from both rural and
urban areas were surveyed by telephone. The findings of the
study, to our understanding, will motivate and alert policy
makers and program implementers who are working on
appropriate health education, risk communication, community
engagement, and social and behavioral change communication
strategies based on levels of KAP toward COVID-19.

Further research is needed to understand the KAP of service
providers in COVID-19 pandemic response. Qualitative
formative research will aid the design of effective
communication strategies to address the pandemic, and
subsequent implementation and evaluation research can generate
useful knowledge about the implementation and scaleup of such
strategies in different parts of Bangladesh and other countries
facing similar KAP-related challenges.

Conclusions
Risk communication and community engagement are an integral
part of pandemic management [46]. For countries such as
Bangladesh, where most of the community lacks proper health
practices and where timely information penetration is unequal,
KAP studies such as this one can support public health
decision-makers in designing evidence-informed and
context-specific risk communication and behavioral change
communication strategies. These evidence-informed strategies
may help in managing health emergencies such as the
COVID-19 pandemic for people from all socioeconomic groups.
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Abstract

Background: COVID-19, caused by SARS-CoV-2, has devastated incarcerated people throughout the United States.

Objective: The purpose of this study was to test the feasibility and acceptability of a COVID-19 Health Review for Correctional
Facilities.

Methods: The COVID-19 Health Review survey for the Department of Corrections was developed in Qualtrics to assess the
following: (1) COVID-19 testing, (2) providing personal protective equipment, (3) vaccination procedures, (4) quarantine
procedures, (5) COVID-19 mortality rates for inmates, (6) COVID-19 mortality rates for correctional officers and prison staff,
(7) COVID-19 infection rates for inmates, (8) COVID-19 infection rates for correctional officers and prison staff, and (9) uptake
of COVID-19 vaccines. The estimated time to review the Alabama State Department of Corrections COVID-19 responses on
their website and complete the survey items was 45 minutes to 1 hour.

Results: Of the 21 participants who completed the COVID-19 Health Review for Correctional Facilities survey, 48% (n=10)
identified as female, 43% (n=9) identified as male, and 10% (n=2) identified as transgender. For race, 29% (n=6) self-identified
as Black or African American, 24% (n=5) Asian, 24% (n=5) White, 5% (n=1) Pacific Islander or Native Hawaiian, and 19%
(n=4) Other. In addition, 5 respondents self-identified as returning citizens. For COVID-19 review questions, the majority
concluded that information on personal protective equipment was “poor” and “very poor,” information on COVID-19 testing
was “fair” and above, information on COVID-19 death/infection rates between inmates and staff was “good” and “very good,”
and information on vaccinations was “good” and “very good.” There was a significant difference observed (P=.03) between
nonreturning citizens and returning citizens regarding the health grade review with respect to available information on COVID-19
infection rates.

Conclusions: COVID-19 health reviews may provide an opportunity for the public to review the COVID-19 responses in
correctional settings.

(JMIR Form Res 2021;5(11):e32591)   doi:10.2196/32591

KEYWORDS

Alabama; correctional facilities; COVID-19; online health reviews; review; monitoring; public health; policy; response; prison;
United States; case study; formative; feasibility; acceptability; survey

JMIR Form Res 2021 | vol. 5 | iss. 11 |e32591 | p.774https://formative.jmir.org/2021/11/e32591
(page number not for citation purposes)

Valera et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:pv181@sph.rutgers.edu
http://dx.doi.org/10.2196/32591
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
COVID-19, caused by SARS-CoV-2, has devastated people
nationwide in the United States, particularly people who are
incarcerated. There are 2.3 million incarcerated people in the
United States that are imprisoned in various correctional
institutions across the criminal justice system [1]. As of June
2021, nearly 400,000 infectious cases and close to 3000 deaths
in prison were attributed to COVID-19 [2,3]. Furthermore,
COVID-19 infection rates in prisons were found to be 5.5 times
higher than that of the general US population [4], and mortality
rates due to COVID-19 in correctional facilities were found to
be 2.5 times higher than that of the general US population [4,5].
COVID-19 outbreaks across correctional settings, including
Ohio’s Cook County Jail accounting for 15% of Chicago’s total
COVID-19 cases [6] and Alabama’s COVID-19 outbreak in
Ashville Jail with 37 inmates testing positive [7], exposed the
deep structural and administrative problems with limited public
health measures in place. The COVID-19 preventative measures
of social distancing and quarantining are nearly impossible to
implement as incarcerated people share common areas such as
cell units, bathroom stalls, showers, and cafeterias, among
others. These living conditions are often overcrowded and poorly
ventilated [8-11].

Concurrently, correctional officers and other prison staff workers
are susceptible to COVID-19 as they are in and out of facilities,
which increases the likelihood of spreading and transmitting
the virus [9,10,12,13]. The COVID-19 pandemic has further
reduced the already declining number of correctional staff,
severely impacting public health responses [13-15].

The incarcerated population is also aging and typically older;
at least half are 50 years or older, report having a chronic
condition, and are 2.5 times more likely to report a chronic
illness than the general population [16]. COVID-19 typically
has a greater impact on older people, particularly those with
preexisting conditions [17]. The lack of inadequate and unequal
access to health care services may further exacerbate the impact
of COVID-19 on correctional settings and its incarcerated people
[8,13].

Understanding the State Department of Corrections’
Response to COVID-19
The State Department of Corrections’ response to COVID-19
was delayed during the early days of the pandemic due to the
novelty of the disease [18]. When the Centers for Disease
Control and Prevention (CDC) called for face masks and gloves
to be worn when social distancing was impossible, the US
Bureau of Prisons (BOP) confirmed that personal protective
equipment (PPE) had been provided to all inmates and prison
staff [19]. Yet, reports of unavailable PPE in various prisons
and the national shortage of PPE resulted in the failed initial
response to COVID-19 in prisons [19].

BOP Rules and Regulations Concerning Inmate
Transfers
The BOP stated that inmates could be transferred if they met
three conditions: (1) passing a COVID-19 exit screening or not
showing any symptoms, (2) being held for 14 days in BOP
custody, and (3) notifying the BOP Emergency Operations
Center before the transfer of an inmate [20]. Although prison
visitations were prohibited, many incarcerated people continued
to be transferred without proper COVID-19 testing [18]. Indeed,
testing and contact tracing were relatively slow, causing
infection cases to go undetected [18,21]. One of the more
sought-after responses to combat COVID-19 was to reduce jail
and prison populations by releasing incarcerated people, which
would have slowed the spread and death of the prison population
[22-24]. However, during the latter half of 2020, many prison
systems such as those in Wyoming, Mississippi, Montana, and
Hawaii were still at 90% or higher capacity [25].

Online Health Reviews
Understanding how the US State Department of Corrections
responded to the COVID-19 pandemic in prisons may help to
build best practices regarding the detection and prevention of
COVID-19. Hence, it is vital to evaluate and assess actions
taken as part of a public health response to reduce the spread
of COVID-19 in prisons. One public health approach that has
been shown to connect people with vital information about local
organizations is online health reviews.

Online health reviews are designed to help consumers find
vetted local providers such as dentists, physicians, other
specialty care providers, and many more. Online health reviews,
or “health grades,” are generally used to review the quality of
a physician’s or provider’s care or a patient’s visit. Over the
past few years, there has been significant growth in the use and
development of health reviews and ratings in the United States
[26]. Online reviews such as Yelp or HealthGrades may provide
the public an opportunity to monitor these venues and improve
the state or local inspection efforts. Consumers who review
their experience and leave reviews help others make informed
decisions about the quality of care they may receive from the
specific hospital or provider. In addition, studies have shown
that online health reviews can help surgeons, physicians, and
other medical providers improve their overall care and treatment
of patients [26-28]. Most importantly, the increased usage of
online reviews can also impact patient choice. Reviews that
express a negative comment can influence another patient’s
decision to seek medical care at that location [27].

Online Reviews in Providing Patient Choices
Online health reviews may provide people with confidence that
they are making informed choices by reading through the
reviews about the business and helping to recommend their
provider to friends and family [29]. When we look deeper into
the content of reviews, patients often talk about relationships
with their medical provider, suggesting that such interactions
may be essential to a patient when leaving a review [30]. Health
reviews undoubtedly play a vital role in sharing patient
experience and even influencing patient choice. Although online
health reviews may play a critical role in influencing a patient’s
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choice, reviews about correctional facilities’ public health
response to COVID-19 are relatively unknown. Online health
reviews could potentially improve COVID-19 responses in
correctional facilities [31].

Objective of the Present Study
Given the urgent need to prevent and reduce the spread of
COVID-19 in correctional facilities, this project aims to further
understand the COVID-19 response of one State Department
of Corrections by developing a health review survey using the
Alabama State Department of Corrections (ADOC) as a case
study. The ADOC was selected because it has one of the highest
COVID-19 mortality rates among incarcerated people in the
United States [2,3] and has faced substantial challenges in
providing adequate public health responses to the COVID-19
pandemic [32,33].

The ADOC has had 2085 positive cases and 68 fatalities from
COVID-19 among inmates [34]. COVID-19 vaccinations have
been administered to 48.06% (11,895/24,751) of incarcerated
people housed in their facilities [34]. The ADOC’s website
provides detailed information on preventative and protective
measures, testing updates, and operation plans. However, the
ADOC has failed to provide proper COVID-19 testing and PPE,
reduce inmate populations, release medically vulnerable
individuals and those near the end of their sentences, and
publicly make data available on COVID-19 [31]. Moreover,

the ADOC has been fraught with controversy in recent months
for denying COVID-19 vaccines to its incarcerated people.
Litigation is underway by the US Justice Department against
the ADOC for unsanitary and disturbing trends in reports of
violence that exacerbate their inadequate response to COVID-19
[32,33].

Methods

Survey
The COVID-19 Health Review survey for the Department of
Corrections was developed in Qualtrics to assess the following:
(1) COVID-19 testing, (2) providing PPE, (3) vaccination
procedures, (4) quarantine procedures, (5) COVID-19 mortality
rates for inmates, (6) COVID-19 mortality rates for correctional
officers and prison staff, (7) COVID-19 infection rates for
inmates, (8) COVID-19 infection rates for correctional officers
and prison staff, and (9) uptake of COVID-19 vaccines. To
better understand the information on the Department of
Corrections websites, the survey included eight items that
focused on the CDC’s public health measures. Textbox 1
provides the list of questions. Participants were then asked to
respond to each item on a 6-point scale (“very poor,” “poor,”
“fair,” “good,” “very good,” or “unknown”). The survey was
anonymous and no personal information was collected. The
estimated completion time of the survey ranged from 45 minutes
to 1 hour.

Textbox 1. Questions related to public safety items for COVID-19 measures on the website.

ALABAMA: Please review the Department of Corrections (DOC) website and rank the information for each component. To access the DOC
website, right-click “Alabama” and select “open link in a new tab.”

1. Does the website showcase information about providing protective equipment to incarcerated persons?

2. Is there policy in place for the prison to engage with public health recommendations like social distancing?

3. Are there data that inform the public about COVID-19 death rates among incarcerated persons?

4. Are there data that inform the public about COVID-19 death rates for correctional officers and prison staff?

5. Are there data that describe COVID-19 infection rates for incarcerated persons?

6. Are there data that describe COVID-19 infection rates for correctional officers and prison staff?

7. Has anyone been vaccinated within the prison setting?

Note: Each of these items was set on a 6-point scale: “very poor,” “poor,” “fair,” “good,” “very good,” or “unknown”

Recruitment of Survey Participants
Participants were recruited via social media using email from
a Listserv, Twitter, and Instagram from April 2021 to July 2021.
A total of 35 participants completed the survey.

Statistical Analysis
Demographic characteristics and COVID-19 health review
results are reported with frequencies and percentages. The results
were then stratified by those who self-reported that they were
returning citizens or people with a criminal justice history and
those who were not returning citizens to identify any significant

differences. Fisher exact tests [35] were performed for this
analysis, as the data were not normally distributed.

Results

Thirty-five participants completed the survey; after removing
14 observations due to incomplete data, 21 observations
remained for final analyses. Of the 21 participants, five
identified as returning citizens and 16 did not report criminal
justice involvement. The basic characteristics of the participants
and comparisons between returning and nonreturning citizens
are summarized in Table 1.
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Table 1. Demographic characteristics of the participants.

P valuebNonreturning citizens (n=16),

n (%)a
Returning citizens (n=5),
n (%)

Total sample (N=21),

n (%)a
Variable

.07Age group (years)

7 (44)1 (20)8 (38)18-24

4 (25)0 (0)4 (19)25-34

2 (13)2 (40)4 (19)35-44

2 (13)0 (0)2 (10)45-54

0 (0)2 (40)2 (10)55-64

1 (6)0 (0)1 (5)≥65

.79Gender

8 (50)2 (40)10 (48)Female

6 (38)3 (60)9 (43)Male

2 (13)0 (0)2 (10)Transgender

.08Race (check all that apply)

5 (31)0 (0)5 (24)White

3 (19)1 (20)4 (19)Black

1 (6)1 (20)2 (10)African American

5 (31)0 (0)5 (24)Asian

0 (0)1 (20)1 (5)Pacific Islander/Native Hawaiian

2 (13)2 (40)4 (19)Other

.55Hispanic or Latin origin

3 (19)2 (40)5 (24)Yes

13 (81)3 (60)16 (76)No

.03Highest level of education achieved

4 (25)4 (80)8 (38)High school

9 (56)0 (0)9 (43)Bachelor’s degree

2 (13)0 (0)2 (10)Master’s degree

1 (6)0 (0)1 (5)PhD or higher

0 (0)1 (20)1 (5)Trade school

.12Current employment status

5 (31)4 (80)9 (43)Employed full time

8 (50)0 (0)8 (38)Employed part time

3 (19)1 (20)4 (19)Seeking opportunities

aDue to rounding, percentages may not add up to 100.
bFisher exact test.

Of the 21 participants, about 40% (n=8) were 18-24 years old.
The sample was racially diverse, with about 30% (n=6) being
Black or African American, a quarter White, followed by Asian
Americans, Pacific Islander or Native Hawaiian, and a sizable
“other” race category. Nearly half of the participants reported
their gender identity as female, followed by male, and two
individuals identified as transgender. The majority (76%, n=16)
of the sample did not identify as being of Hispanic or Latino
origin. Nearly 80% (n=17) of the participants were either

employed part time or full time. The highest level of education
was the only significant association between returning citizens
and nonreturning citizens (P=.03). Eighty percent (n=4) of the
returning citizens’ highest degree of education achieved was
high school compared to the majority (75%, n=12) of the
nonreturning citizens earning a bachelor’s degree or higher.
Table 2 compares the results of the COVID-19 Health Review
items for the ADOC between returning and nonreturning
citizens.
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Table 2. Comparative COVID-19 grade results among returning citizens and nonreturning citizens.

P valuebNonreturning citizens

(n=16), n (%)a
Returning citizens
(n=5), n (%)

Total sample

(N=21), n (%)a
Health Review item

.94Does the website provide information relating to COVID-19 testing?

1 (6)1 (20)2 (10)Very poor

2 (13)1 (20)3 (14)Poor

4 (25)1 (20)5 (24)Fair

5 (31)1 (20)6 (29)Good

4 (25)1 (20)5 (24)Very good

0 (0)0 (0)0 (0)Unknown

.16Does the website showcase information about providing protective
equipment to incarcerated persons?

2 (13)2 (40)4 (19)Very poor

6 (38)1 (20)7 (33)Poor

0 (0)1 (20)1 (5)Fair

3 (19)0 (0)3 (14)Good

1 (6)1 (20)2 (10)Very good

4 (25)0 (0)4 (19)Unknown

.69Is there policy in place to facilitate vaccination for all incarcerated
persons and prison staff?

2 (13)1 (20)3 (14)Very poor

2 (13)1 (20)3 (14)Poor

4 (25)2 (40)6 (29)Fair

4 (25)0 (0)4 (19)Good

1 (6)1 (20)2 (10)Very good

3 (19)0 (0)3 (14)Unknown

.29Is there policy in place for the prison to engage with public health
recommendations like social distancing?

2 (13)1 (20)3 (14)Very poor

6 (38)1 (20)7 (33)Poor

1 (6)2 (40)3 (14)Fair

1 (6)1 (20)2 (10)Good

2 (13)0 (0)2 (10)Very good

4 (25)0 (0)4 (19)Unknown

.51Are there data that inform the public about COVID-19 death rates
for incarcerated persons?

1 (6)0 (0)1 (5)Very poor

1 (6)2 (40)3 (14)Poor

2 (13)0 (0)2 (10)Fair

5 (31)1 (20)6 (29)Good

7 (44)2 (40)9 (43)Very good

0 (0)0 (0)0 (0)Unknown

.09Are there data that inform the public about COVID-19 death rates
for correctional officers and prison staff?

1 (6)0 (0)1 (5)Very poor

1 (6)2 (40)3 (14)Poor

JMIR Form Res 2021 | vol. 5 | iss. 11 |e32591 | p.778https://formative.jmir.org/2021/11/e32591
(page number not for citation purposes)

Valera et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


P valuebNonreturning citizens

(n=16), n (%)a
Returning citizens
(n=5), n (%)

Total sample

(N=21), n (%)a
Health Review item

1 (6)2 (40)3 (14)Fair

7 (44)1 (20)8 (38)Good

5 (31)0 (0)5 (24)Very good

1 (6)0 (0)1 (5)Unknown

.03Are there data that describe COVID-19 infection rates for incarcerated
persons?

0 (0)1 (20)1 (5)Very poor

2 (13)2 (40)4 (19)Poor

0 (0)1 (20)1 (5)Fair

8 (50)0 (0)8 (38)Good

5 (31)1 (20)6 (29)Very good

1 (6)0 (0)1 (5)Unknown

.07Are there data that describe COVID-19 infection rates for correctional
officers and prison staff?

0 (0)1 (20)1 (5)Very poor

2 (13)2 (40)4 (19)Poor

0 (0)1 (20)1 (5)Fair

8 (50)1 (20)9 (43)Good

4 (25)0 (0)4 (19)Very good

2 (13)0 (0)2 (10)Unknown

.30Uptake of COVID-19 vaccines: has anyone been vaccinated within
the prison setting?

0 (0)0 (0)0 (0)Very poor

1 (6)2 (40)3 (14)Poor

2 (13)0 (0)2 (10)Fair

6 (38)1 (20)7 (33)Good

6 (38)1 (20)7 (33)Very good

1 (6)1 (20)2 (10)Unknown

aDue to rounding, percentages may not add up to 100.
bFisher exact test.

Sixteen respondents reported that the information provided on
the website related to COVID-19 testing was “fair” and above.
Despite having “fair” information about COVID-19 testing,
half of the respondents (n=11) reported the details on providing
PPE to incarcerated persons as “poor” and “very poor.”
Furthermore, approximately half (n=12) of the respondents
reported the information about policies to facilitate vaccinations
for all incarcerated persons and prison staff as “fair” and above.
Approximately 10 of the respondents reported guidelines for
the prison to engage with public health recommendations as
“very poor” and “poor.” Approximately 15 participants of the
sample reported information on COVID-19 death rates among
incarcerated persons as “good” and “very good.” A total of 13
participants provided the same rating with respect to data about
correctional officers and prison staff.

With regard to COVID-19 infection rates, most respondents
reported that the ADOC’s COVID-19 website provided “good”
and “very good” data for both incarcerated persons and
correctional officers. Two-thirds (n=14) of the sample reported
that the information provided about whether people were
vaccinated within the prison setting was “good” and “very
good.” The only significant difference between returning and
nonreturning citizens was whether the data included on the
ADOC website describe incarcerated people’s COVID-19
infection rates (P=0.03): 80% (n=4) of the returning citizens
reported the data included as “fair” and below compared to 75%
(n=12) of the nonreturning citizens reporting the data included
as “good” and “very good.”

Participants were also asked to provide feedback about the
ADOC COVID-19 website. Example quotes of some of this
feedback are provided in Textbox 2.
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Textbox 2. Representative feedback about the Alabama Department of Corrections' COVID-19 website.

“They had the basic info. The more in-depth information was difficult to find.”

“No information on COVID-19 procedures.”

“I quickly found all other information. This took me about 3 minutes. The COVID information was very clear, but in English only.”

“The website did not provide information on PPE [personal protective equipment] equipment and how vaccines will be given to inmates. COVID-19
preparedness is shown in a single document that describes everything but specific quarantine procedures. The website had a dashboard, so it was fairly
quick to find basic information on COVID-19 such as rates.”

“The information is there, but little. And, it seems that they are going to start the vaccine. I looked a lot because I was looking for information about
PPE.”

Discussion

Principal Findings
This online COVID-19 public health review in a correctional
setting provides an opportunity to examine the current
operational practices at the population level in response to the
COVID-19 pandemic. This is the first study to explore the role
of digital health response to outbreaks, vaccines, and pandemics
that focuses on correctional facilities, which may help to reduce
the deadly impact of COVID-19 on the lives of marginalized
communities. Our findings build on emerging literature that
describes online health review topics that could potentially be
applied in public health responses to COVID-19 [29,36,37].

We believe that these results may serve as an essential reference
point for policymakers and advocates to understand the impact
and relevance of COVID-19 online health reviews, and to
prioritize resources and efforts to address the challenges
presented by COVID-19 in correctional settings. For example,
most participants felt that the reported PPE information provided
on the ADOC website was “poor” and “very poor.” This implies
that information provided to the public about PPE may be
limited. At the same time, there was a significant difference
(P=.03) observed between nonreturning citizens and returning
citizens on the quality of information about COVID-19 infection
cases displayed on the ADOC website. The majority of returning
citizens found this to be “fair.” In contrast, the participants
without a criminal justice history found the information to be
“good” and “very good.” Although participants noted that
COVID-19 public health measures were available on the ADOC
website, this information was only available in English. An
official website of the US government should be available in
multiple languages.

Furthermore, using health grades or online reviews to understand
the mitigation and adaptation responses to COVID-19 is critical
to prevent the infection and mortality rates in correctional
settings. This would allow for additional oversight and place
pressure on the State Department of Corrections to do the right
thing, especially during a pandemic where correctional officers
and incarcerated persons are directly impacted. As previously
mentioned, there has been no use of health grades or online
reviews in prison systems to date.

Our study presents an opportunity to enter a new landscape of
grading or reviewing correctional facility responses toward
COVID-19. The existing scientific literature on health grades
and online reviews has stressed how reviews can influence
people’s perceptions and choices regarding seeking care and
even recommending care [27,29] while also having the potential
to improve the quality of care and treatment [26-28]. Our work
builds upon the current literature by extending the potential of
influencing people’s choices and perceptions toward how
correctional facilities are handling COVID-19 and improving
these same correctional facilities to better respond to the impact
of COVID-19.

Implications for Future Research
Given how critical online reviews can be, there is much potential
in using online reviews to cover more aspects of correctional
facilities. For example, although we specifically focused on the
ADOC in this study, there may be potential to create a
nationwide health grading system covering every Department
of Corrections. For example, the web-based company
HealthGrades has a database on all doctors in the United States
and includes patient reviews for every doctor [38]. In a similar
vein, we may create an online database that keeps track of all
COVID-19 responses across all Departments of Corrections in
the United States. This information is vital for frontline workers
at correctional facilities to improve and provide a safer and
secure service for incarcerated people.

Limitations
Our survey results have several limitations that must be
acknowledged. First, not all recruited participants were able to
complete the COVID-19 correctional health survey, resulting
in incomplete and missing data. The length of the survey is also
a limitation, as the 1-hour completion time may have impacted
our participants’ability to examine the ADOC website properly.

Conclusions
The COVID-19 pandemic is still ongoing and new technologies
are needed to evaluate the impact of COVID-19 in correctional
settings. There is added value to examine how online health
reviews can be used to understand the COVID-19 pandemic
response in correctional facilities. Online health reviews offer
tools to inform the public about how the Department of
Corrections supports a public health pandemic response that
saves lives.
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Corresponding Author:
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Related Article:
 
Correction of: https://formative.jmir.org/2021/10/e23648
 

(JMIR Form Res 2021;5(11):e34526)   doi:10.2196/34526

In “The Potential of Digital Data Collection Tools for
Long-lasting Insecticide-Treated Net Mass Campaigns in
Nigeria: Formative Study” (JMIR Form Res 2021;5(10):e23648)
the authors noted one error.

In the originally published manuscript, the name of author
Suzanne Van Hulle was formatted incorrectly as the given names
“Suzanne Van” and surname “Hulle.” This has now been
corrected to the given name “Suzanne” and surname “Van

Hulle.” The citation information for this author has also been
corrected from “Hulle SV” to “Van Hulle S.”

The correction will appear in the online version of the paper on
the JMIR Publications website on November 8, 2021, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “Reducing Intrusive Memories of Childhood Trauma Using
a Visuospatial Intervention: Case Study in Iceland” (JMIR Form
Res 2021;5(11):e29873) the authors noted eight errors.

1. In the originally published paper, Edda Bjork Thordardottir's
degree information was listed incorrectly as:

Edda Bjork Thordardottir, Prof Dr

This has been corrected to:

Edda Bjork Thordardottir, PhD

2. In the section “Participants,” the following sentence was
included in the originally published paper:

The screening included a short description of the
symptoms, followed by questions about the presence
of the symptoms to assess their eligibility for this
study.

This has been corrected to:

The screening included a short description of the
symptom, followed by questions about the presence
of the symptom to assess their eligibility for this study.

3. In the originally published paper, the final sentence of the
section “Data Analysis” contained the following formula:

…this was calculated as (1−[12.6/6.1]) × 100=52%
reduction…

This formula has been corrected to:

…this was calculated as (1−[6.1/12.6]) × 100=52%
reduction…

4. In the section “Open Science Statement,” the following
sentence was included in the originally published paper:

Study materials may be made available upon
reasonable request with an appropriate materials
transfer agreement with Uppsala University.

This has been corrected to:
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Study materials may be made available upon
reasonable request with an appropriate materials
transfer agreement with University of Iceland.

5. In the section “Self-report Measures on PTSD, Depression
and Anxiety Symptoms, and General Functioning,” the
following sentence was included in the originally published
paper:

Initial high levels of PTSD symptoms (a PCL-5 score
of 51) were reduced by over half at postintervention,
and the reduction was clearly clinically significant
at the 3-month follow-up, with a score of only 5.

This has been corrected to:

Initial high levels of PTSD symptoms (a PCL-5 score
of 51) were reduced by over half at postintervention,
and the reduction was clearly clinically significant
at the 3-month follow-up, with a score of only 6.

6. The caption of Figure 2 originally included the following
sentence:

Gaps in the time series in the baseline and
intervention periods reflect the missing data (for
official intrusive memory data, see Figure 3).

This has been corrected to:

Gaps in the time series in the baseline and
intervention periods reflect the missing data (for each
specific intrusive memory data, see Figure 3).

7. In Table 3, footnote k originally read :

Have the intrusive memories affect your ability to
function in your daily life?

This has been corrected to:

Have the intrusive memories affected your ability to
function in your daily life?

8. In the originally published manuscript, the following text
appeared in the Conflicts of Interest section:

EAH received funding from the Oak Foundation
(OCAY-18-442) and from the Swedish Research
Council (2020-00873) in support of this study; EAH
also received funding from AFA Insurance (200342)
and the Lupina Foundation. AB received funding from
the Icelandic Research Fund (11709-0270). UV
received funding to establish the stress and gene
analysis (SAGA) cohort from the European Research
Council (StressGene, grant 726413) and the Icelandic
Research Fund (grant 163362-051). EBT reports
funding from the Icelandic Research Fund
(185287-051). LS received funding from the Swiss
National Science Foundation (P2BEP1_184378) and
a Thunberg Fellowship from the Swedish Collegium
for Advanced Study.

This text has instead been moved to the Acknowledgments
section of the paper, as it acknowledges funding sources.

The correction will appear in the online version of the paper on
the JMIR Publications website on November 26, 2021, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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