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Abstract

Background: Young adults with asthma often report low adherence to inhaled corticosteroids (1CS), leading to uncontrolled
symptoms and poor disease outcomes. Technol ogy-enabled digital supports such as mobile health (mHealth) asthma smartphone
apps have the potentia to support adherence to ICS and asthma self-management. There is a need for feasibility studies to
determine the usability, acceptability, and feasibility of these interventions. In addition, it is essentia to determine the feasibility
of recruiting and retaining young adults to plan future efficacy and effectiveness trials and therefore, establish evidence-based
asthma apps.

Objective: Thisstudy aimed to determine (1) thefeasibility of recruiting and retaining young adultsto atrial and (2) the usability,
acceptability, and feasibility of using the AsthmaM D app to support adherence to ICSin a population of young adultsliving with
asthma.

Methods: A multi-methodsfeasibility study was conducted. Young adults aged 18-30 yearswith asthmaand current prescription
for ICS were eligible and invited to take part through a university circular email, social media, and genera practice sites.
Participation involved completing a baseline self-report questionnaire, downloading and using the AsthmaMD app for 2 weeks,
and compl eting the follow-up assessment, including self-report and open-ended questions about participants’ experience of using
the app. Primary outcomes included participant recruitment and retention and the usability, acceptability, and feasibility of using
AsthmaMD. Quantitative self-report datawere analyzed using descriptive statistics, and qualitative open-ended datawere analyzed
using inductive reflexive thematic analysis.

Results: A total of 122 young adults (females, n=101, 82.8%) with a mean age of 24.4 (SD 3.8) years were recruited and they
completed baseline measures. Of the 122 young adults, 59 (48.4%) completed the study. The AsthmaMD app received a mean
score of 63.1/100 (SD 20.1) on the System Usahility Scale (ie, a standardized measure of usability for technology-based apps),
and an overall user satisfaction score of 5.8/10 (SD 2.2). Of the 59 participants who compl eted the study, 49 (83%) participants
used the app =1 day per week. Two main themes were identified in the qualitative analysis of user experiences:. (1) learning how
to use the app to suit the individual and (2) benefits and relevance of using the app.

Conclusions: The findings from this study indicate that it is feasible to recruit and retain young adults to examine efficacy and
effectivenessin afuturetrial and that young adultsliving with asthmamay find AsthmaMD to be usable, acceptable, and feasible
to support adherenceto I CS. Our findings also identified opportunitiesto further optimize the usability of AsthmaMD and similar
apps. Based on our findings, we recommend providing more accessible information on how to use the app and replacing medical
terminology with simplified language within the app to improve usability.

Trial Registration: ISRCTN Registry ISRCTN11295269; https.//www.isrctn.com/| SRCTN11295269

(IMIR Form Res 2021;5(9):e28784) doi:10.2196/28784
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Introduction

Background

Asthma is a major global heath concern with increasing
prevalence currently affecting up to 339 million people [1].
More than 60% of adults living with asthma have uncontrolled
symptoms [2,3], leading to lower quality of life and higher
productivity loss, health care utilization, and asthma mortality
[4-7]. Asthma can be effectively controlled through patient
engagement in self-management behaviors such as symptom
monitoring, avoiding triggers, and adherence to appropriate
treatments [8]. According to the Global Initiative for Asthma
guidelines[9], adherenceto inhaed corticosteroids (ICS), which
are considered the most effective long-term asthma control
medication [10-13], is essentia for the effective management
of asthma. Adherence to ICS has been consistently associated
with asthmacontrol, improved lung function, reduced symptom
exacerbations, and thereby reduced burden of asthma on health
care systems[14-17]. However, low adherence remainsamajor
barrier to optima asthma control, most notably in younger
populations [18,19].

A recent review estimated that only 28% of young adults may
be fully adherent to their ICS [20]. Adherenceto ICSin young
adults is further complicated as they become responsible for
their own asthma self-management, with parents or caregivers
potentially having less involvement in these tasks [21]. This
alone constitutes a vulnerable transitional period for young
adults[22]. Additionally, during this period, young adults often
enter a psychological development phase, coined as emerging
adulthood [23,24]. Emerging adulthood has been proposed as
a distinct stage of development between adolescence and
adulthood from approximately the age of 18 yearsto 29 years,
where individuals typically experience greater autonomy,
explore opportunities in education, work, residence, and
relationships[23,24], and engage in more health risk behaviors
[25-28]. Asthma self-management is affected by this unstable
development period. Furthermore, engaging young adults in
self-management research often proves challenging in asthma
[29] and other chronic conditions [30,31]. Therefore, this
population requires attention and there is a clear need to
establish appropriate supports to improve self-management,
especialy adherence to ICS, at this challenging point in the
lifespan.

Smartphones provide an existing intervention platform for young
adults, given their near universal ownership and high daily use
in this population [32]. Although growth in their ownership has
not always been equal within or between countries, these devices
are now widely used across socioeconomic groups, with young
adults being the most likely cohort to own asmartphonein both
high and low- and middle-income countries [32]. Moreover,
there has been an exponentia growth of commercially available
mobile health (mHealth) apps, including asthma
self-management apps, some of which have demonstrated

https://formative.jmir.org/2021/9/e28784

potentia to improve adherence and disease control [33,34]. A
recent systematic review [35] identified AsthmaMD as one of
the currently available asthma apps with the highest number of
evidence-based behavior change techniques (BCTs; n=10) [36]
and highest mobile app rating score (score 4.23/5). Additionally,
recent qualitative work has explored the technology preferences
of young adults with asthma to support adherence to ICS (J
Murphy, MSc, under review, November 2020). Young adults
preferred type of technology to support adherence was a
smartphone app, and accordingly, an app is the focus of this
study. Based on their preferences for individua app features,
we selected AsthmaMD as a suitable, freely available asthma
app for this population. However, it is not yet known whether
young adults consider this app easy-to-use, acceptable, and
feasible, which are essential to ensure successful uptake and
use [37,38].

Research Questions

The aim of this study was to assess the feasibility of recruiting
and retaining young adults to a trial and the usability,
acceptability, and feasibility of using the AsthmaMD app to
support adherenceto ICSin apopulation of young adultsliving
with asthmain Ireland. The research questionsin this study are
asfollows:

1. Can participants be recruited to take part in the study?
(feasibility of young adult recruitment)

2. Can participants be retained in the study until completion?
(feasibility of young adult retention)

3. Do participants find AsthmaMD easy to use? (usability of
AsthmaMD)

4. Areparticipants satisfied with using AsthmaM D to support
adherence to ICS and with their overall user experience
with the app? (acceptability of AsthmaMD use)

5 Do participants use and would they continue to use
AsthmaMD to support adherence to ICS? (feasibility of
AsthmaMD use)

Following guidance on conducting feasibility studies[39], the
research team established Go/No Go progression criteria to
determine if the findings of this study indicated that it would
be feasible to examine the efficacy and effectiveness of
AsthmaMD in afuture randomized controlled trial.

Methods

Design

A multi-methodsfeasibility design [40] with a2-week follow-up
was employed for this study. The intervention duration was
based on input from public and patient involvement (PPI)
contributors who felt thiswas an appropriate duration to obtain
asufficient user experience and that their engagement with the
app over this period would accurately indicate their long-term
use of the app. This 2-week follow-up is consistent with similar
feasibility studies of eHealth and mHealth interventions such
as apps for medication adherence [41] and self-management
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[42], including those for asthma specificaly [43,44].
Additionally, arecent app retention report found that the largest
reduction in health-related and medical app users occurs from
day 1 to day 3, while the lowest reduction occurs from day 14
to day 30 [45]. This indicates that a significant proportion of
users who will not use these apps in the long term will stop
doing so within 3 days and therefore, are likely to be captured
within a 2-week period. All data were collected online via
LimeSurvey (version 3.19) [46] from September to December
2020. Participants provided informed consent electronically.
Participant information sheet and consent form are provided in
Multimedia Appendix 1 and Multimedia Appendix 2,
respectively. Ethical approval was granted by the relevant
University Ethics Committee (reference number: 20-Jan-13) on
February 18, 2020.

This study was reported in accordance with all relevant
principles of the extended CONSORT (Consolidated Standards
of Reporting Trials) checklist of information to include when
reporting apilot/feasibility tria [47], the CONSORT-EHEALTH
checklist, for improving and standardizing evaluation reports
of web-based and mHealth interventions[48], the Template for
Intervention Description and Replication (TIDieR) checklist
[49] to ensure completeness of reporting and replicability of
the intervention, and the Checklist for Reporting Results of
Internet E-Surveys (CHERRIES) [50]. The completed checklists
are shown in Multimedia Appendix 3, Multimedia Appendix
4, Multimedia Appendix 5, and Multimedia Appendix 6,
respectively.

Go/No Go Progression Criteria

Inlinewith relevant guidance [40], the research team identified
the key uncertainties that needed to be assessed in relation to
the feasibility of using AsthmaMD and examining its efficacy
in afuture trial in young adults. These key uncertainties were
identified from the relevant literature and research team
expertisein relevant parameters of feasibility studies. Following
discussion, the research team agreed the Go/No Go progression
criteriafor the study and how these criteriawould be interpreted
accordingly. Criteria and thresholds were based on
recommended sample size for feasibility studies [51], attrition
ratesin similar studiesin young adults[41,42,52,53], validated
usability scales and cut-off scores[54,55], and previously used
measures and definitions of acceptability [56,57] and feasibility
of app use [56-60]. The rationale for the selected thresholdsis
further outlined in Multimedia Appendix 7. The progression
criteria and thresholds for each are presented in Table S1 of
Multimedia Appendix 8. The scoring key was devised based
on arecent precedent [58]. The scoring key was as follows:

1 If dl criteria are rated as green, the trial to test the
effectiveness of the app can immediately proceed.

2. |f some criteria are partially met and rated as amber, the
trial of the app can proceed oncerelevant criteriahave been
reviewed and a plan to make relevant amendments has been
agreed by the research team.

3. If onecriterionisnot met and rated asred, thetrial can only
proceed if (1) no more than 2 criteria are rated red and (2)
a plan to make the required amendments has been agreed
by the research team.

https://formative.jmir.org/2021/9/e28784
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PPl

A total of 4 (2 females) young adult PPI contributorsin the age
range of 19-27 years, living with asthma, and prescribed ICS
were recruited through social media and advertisementsin the
university campus. They wereinvited to attend 1 meeting lasting
approximately for 1.5 hours. Each contributor was offered a
€38 (US $1=£€0.85) retail voucher for their contributions. This
value was based on INVOLVE guidelines [61], the United
Kingdom's national advisory group to support public
involvement in the National Health Service research. The
researcher held 2 meetings, each with 2 young adult contributors.
Theresearcher presented the proposed research and contributors
wereasked toreview al study documentsindividually, including
the study information sheet, consent form, invitation letter from
a genera practitioner (GP), baseline and follow-up measures,
and then to discuss their reviews with the group. Specifically,
the researcher asked the contributorsto review all the documents
for clarity and relevance from a lived experience perspective.
The appropriate study follow-up duration and recruitment
strategies were then discussed among the group. According to
arecent PPl Involvement Matrix [62], the contributorsfulfilled
the cothinker and advisor role at the implementation stage of
thisresearch. Appropriate and feasible amendmentswere made
to the study design and documents following each meeting.

Examples of PPl input into the study design and amendments
include (1) the 2-week follow-up duration based on the reasons
outlined in the design section, (2) using adifferent font such as
Times New Roman in all study documents, as this is often the
required font for college-related submissions and can remind
young adults of academic work, which may prevent engagement
with the study information, (3) providing a description and
common examples of ora corticosteroids to increase clarity
when asking participants if they have been treated with these
in the past year, and (4) increasing the use of terms such as
“novel,” “innovative” and “unique’ when describing
AsthmaMD as a potential method to support adherence,
stimulate young adult interest, and emphasize the app as an
alternative to traditional clinical interventions.

Participants and Recruitment

Eligible young adults were aged 18-30 years, with a
self-reported asthma diagnosis and currently prescribed aform
of ICS. Young adults were defined as adults aged 18-30 years
to include the emerging adulthood age range of 18-29 years
[23,24] and the range of definitions across the health care
transition literature [63,64]. This definition has also been used
previously in a similar context [65]. Participants were not
compensated or offered any incentive to take part in the study.
They were invited to take part through an email sent from a
weekly university circular to all registered students. The study
was also advertised via social media from several accounts
including the study’s own Facebook, Twitter, and Instagram
accounts, the Asthma Society of Ireland’s Twitter and Facebook,
and arange of other community and health-based social media
accounts. Additionally, the 4 PPI study contributors shared the
study advertisement via their social media. Four GPs in the
Galway region also supported study recruitment. The GPs
identified al eligible patients on their registers, following a
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search of 18-30-year-old adultswho were coded with an asthma
diagnosisand prescription for ICS. Collectively, they identified
85 eligible patients who were posted a study invitation. As an
incentive to support recruitment, GPs were offered an Irish
Medical Council-eligible audit template of clinically relevant
Global Initiative for Asthma guidelines[9] that was conducive
to fulfilling their annual audit requirements.

Sample Size

A minimum of 59 participants were required to complete this
study. This target was based on a commonly applied
recommendation from the literature, which states that if a
problem with 5% probability exists in a potential study
participant, then it should be identified in a sample of 59
participants [51]. Based on attrition rates in similar feasibility
studies with a 2-week follow-up [41,42,52] and a recent pilot
study of an asthma self-management app in a population of
young people [53], we anticipated a25% rate of attritioninthis
study. To allow for this, we aimed to recruit a minimum of 74
participants for this study.

Outcome M easures

Primary outcomeswerethefeasibility of participant recruitment
and retention, and the usability, acceptability, and feasibility of
AsthmaMD. Additional measures were used to collect
information on demographics, asthma characteristics, adherence
to ICS, asthmacontrol, and smartphone and app use. All basdline
and follow-up measures are included in Multimedia Appendix
9 and Multimedia Appendix 10, respectively. Baseline
demographic and asthma measures included age, gender,
education, ethnicity, eligibility for free or reduced-rate medical
treatment and GP services, number of years since asthma
diagnosis, emergency department visits, hospital admissions,
and treatment with oral steroidsin the past year. Adherence to
ICS was measured at baseline and at follow-up by using the
Medication Adherence Report Scale for Asthma (MARS-A)
[66], a10-item self-report measure. Responses ranged from“ (1)
Always’ to “(5) Never,” where higher scores indicate better
adherence. Responses were summed to yield atotal scorefrom
10to 50. The MARS-A demonstrated reliability and construct
and convergent validity [67,68]. Asthma control was measured
at baseline and at follow-up by using the Asthma Control Test
(ACT) [69]. The ACT is a 5-item questionnaire, to which
responses are rated on a 5-point scale and summed to provide
a total score ranging from 5 to 25, with higher scores
representing better asthmacontrol. An ACT score<19 indicates
uncontrolled asthma [69]. The ACT is the most validated
composite measure of asthma control [70-72]. Additionally,
information on smartphone and app use were collected at
baseline, including number of years using a smartphone, hours
per day using apps, ever used an asthma app, and current use
of and awareness of an asthma app.

Feasibility of Participant Recruitment

Feasibility of participant recruitment was determined by the
number of participants recruited, that is, the number of
participants who provided consent and completed baseline
measures. The source of recruitment was also recorded by asking
participants where they heard about the study.
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Feasibility of Participant Retention

Feasibility of participant retention was determined by the
number of participantswho compl eted the foll ow-up assessment,
that is, those who completed the study.

Usability of AsthmaM D

The perceived usability of AsthmaMD was determined using
the System Usability Scale (SUS) [54] at follow-up. The SUS
consists of 10 items to which responses are made on a 5-point
scale ranging from “(1) strongly disagree” to “(5) strongly
agree”. Scoring of the SUS involves recoding responses.
Reponses to the odd-numbered items (1, 3, 5, 7, and 9) are
subtracted by 1, and responses to the even-numbered items (2,
4, 6, 8, and 10) are subtracted from 5. These recoded responses
are then summed, and the sum is multiplied by 2.5 to generate
acomposite SUS scoreranging from 0 to 100, with higher scores
indicating greater usability. A score >68 is considered above
average [55]. The SUS has demonstrated reliability and
convergent and discriminant validity across a range of
populations [55,73,74]. It is technology agnostic [75] and
therefore remains applicable to arange of technologies as they
continuously evolve, such as smartphone apps. Participants
were also asked if the app was easy to use, which individual
app features they used, and which features they found useful.

Acceptability of AsshmaM D Use

Acceptability of AsthmaMD use was determined at follow-up
from participants' ratings of their overall user satisfaction on a
scale of 1-10, whether the app increased adherence awareness
and adherence behavior, increased confidence, reduced stress
in managing ICS, and if notifications were annoying.
Participants' willingness to recommend the app to another
person with asthmaand to pay for the app were also measured.
These measures are modified from previous feasibility studies
of mHeath interventions [56,57], one of which defined
acceptability of app use as =30% of participants agreeing to
similar questions [57].

Feasibility of AssthmaM D Use

Feasibility of app use was determined at follow-up from the
self-reported number of days per week participants used the app
and their intention to continue to use the app beyond their
participation in the study. Participants’ duration of app use was
also measured by the self-reported number of minutes per day
they used the app. These are frequently used questions in
feasibility studies of mHealth interventions [56-60].

Open-ended Questions

Participants were asked 5 open-ended questions at follow-up,
which aimed to elicit additional feedback and elaboration of
their experience with using the app. These questions were
primarily adapted from arecent similar study [53] and included
what participantsliked the most and the least about the app, any
difficulties experienced, suggestionsfor improvements, and any
other comments.

I ntervention

AsthmaMD was created by Dr Sam Pejham, a physician and
researcher from the University of California, San Francisco
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(UCSF) Medica School Clinical Faculty. The app was awarded
the UCSF Collaborative Research Network grant, which is a
primary care practice—based research network grant. A recent
review identified the following BCTs in AsthmaMD: (1)
information about health consequences, (2) salience of
consequences, (3) information about others approval, (4)
instruction on how to perform abehavior, (5) demonstration of
thebehavior, (6) self-monitoring of behavior, (7) self-monitoring
of outcome(s) of behavior, (8) feedback on behavior, (9)
feedback on outcome(s) of behavior, and (10) prompt/cues. The
first author (JM) also screened and coded AsthmaMD for the
presence of BCTsby using the BCT taxonomy (BCTTv1) [36].
Consistent with Ramsey et a [35], JM identified the presence
of these 10 BCTSs, with the addition of credible source in each
video tutorial as Dr Pejham delivers the information and either
speaks in favor of the relevant self-management behavior or
using AsthmaMD to support these behaviors. The app was
availableto download for free from Google Play Store (Android)
and App Store (iPhone). Screenshots of the AsthmaMD user
interface and its individual features can be seen in Multimedia
Appendix 11.

AsthmaMD alowsusersto log their peak expiratory flow meter
readings, which can indicate response to treatment and triggers
for worsening symptoms or determine a baseline for action
plans[9]. In addition to peak expiratory flow readings, the app
allows users to log their symptoms, triggers, medications, and
other notesin theform of adiary and sharethese datawith their
physicians or other persons. It provides a line chart of peak
expiratory flow meter readings and symptoms, indicating the
severity of each, allows users to create customized reminders
to take their medication, and guides users through their asthma
action plan. Finaly, the app provides video tutorials on using
your peak flow meter, understanding asthma and asthma
medication, and using AsthmaMD.

Procedure

The procedure involved a baseline and follow-up web-based
guestionnaire administered by LimeSurvey (version 3.19) [46].
Participants were asked to download AsthmaMD at the end of
the baseline questionnaire. They were not instructed on how,
when, how often, or how long to use AsthmaMD. It was decided
to leave thefrequency and duration of useto the users’ discretion
as people mainly use these technologies independently and
autonomously [38]; thus, this may provide a more accurate
indication of how participants would use the app in their daily
life after study participation, that is, their long-term use of the
app. Participants could tailor the app to their own personal
regime at their discretion, for example, by entering the name
and dosage of their medications at any point during the 2 weeks.
No other physical or informational materials were provided to
participants as part of the intervention. Participants were
encouraged to make themselves familiar with the app’s data
privacy policy before downloading the app. If participantswere
interested in completing the follow-up questionnaire, they were
asked to provide their email address and they received an email
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with the link to the follow-up study 2 weeks later from the
researcher, a PhD candidate in health psychology. If these
participants had not completed the follow-up questionnaire
within 3 working days, they were sent a total of 3 successive
reminder emails every 3 working days.

Data Analysis

Quantitative analysis was performed using SPSS software
(version 26, IBM Corp) [76]. Descriptive statistics were used
to andyze baseline data and primary study outcomes.

Independent two-tailed t tests and x? tests of association were
used to examine the differences between participants who
completed the study and those who did not, that is, those lost
to follow-up. Cronbach a was conducted to examinetheinternal
consistency of the multi-item scales employed.

Qualitative analysis was performed using NVivo software
(version 12, QSR International) [77]. An inductive, reflexive
thematic analysis [78,79] was conducted on participant
responses to open-ended questionsin the follow-up assessment.
The analysis followed the 6 stages of Braun and Clarke's [78]
proposed guidance: (1) familiarizing oneself with the data, (2)
generating initial codes, (3) searching for themes, (4) reviewing
themes, (5) defining and naming themes, and (6) producing the
report with illustrative quotes. The first author engaged in data
immersion by repeatedly reading and coding all data. Initial
codes were collated into potential themes relevant to the
complete data set. Analysis was iterative with codes, themes,
and subthemes refined throughout.

Results

Basaline Measures

Table 1 presentstheinformation collected at baseline. Themean
age of the sample was 24.4 (SD 3.8) years, and the mgjority
were females of White Irish ethnicity who had at |east tertiary
or higher-level education and were living with asthma for at
least 10 years. On average, the sample reported low adherence
to ICS and uncontrolled asthma at baseline and follow-up
assessments. The majority were using a smartphone for 5-10
years, they spent at least 3 hours per day using smartphone apps,
had not previously and were not currently using an asthmaapp,
and were unaware of asthma apps. Table 1 aso provides a
comparison of the baseline measures between participants who
completed the study and those who did not. Participants who
completed the study were significantly older, and asignificantly
greater proportion had postgraduate education and were aware
of an asthma app in comparison to those who did not complete
the study. No other significant differencesin baseline measures
existed between those who did and did not complete the study.
Cronbach a for theMARS-A at baseline (a=.83) and follow-up
(0=.83), for the ACT at baseline (0=.82) and follow-up (a=.83)
and for the SUS at follow-up (0=.92) were al >.70 [80],
demonstrating valid internal consistency for al scales in this
study.
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Table 1. Baseline measures according to study completion (N=122).
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Variable Participants who com-  Participantswho com-  Participants who P value?
pleted baseline (N=122) pleted baseline and completed baseline
follow-up (n=59) only (n=63)
Demographics
Age (years), mean (SD) 24.4(3.8) 25.1(3.8) 23.6 (3.6) .03
Gender, n (%) .38
Female 101 (82.8) 47 (80) 54 (86)
Male 21(17.2) 12 (20) 9(14)
Education, n (%) .04
Second level 18 (14.8) 4(7) 14 (22)
Tertiary/higher level 63 (51.6) 31(52) 32(51)
Postgraduate 41 (33.6) 24 (41) 17 (27)
Ethnicity, n (%) 49
White Irish 99 (81.1) 51 (86) 48 (76)
Other White background 13(10.7) 3(5) 10 (16)
Black/Black Irish 2(1.6) 1(2 12
Asian/Asian Irish 3(25) 2(3 1(2)
Mixed 3(25) 1(2 23
Other 2(1.6) 12 12
Medical card holder, Yes, n (%) 25(20.5) 8(14) 17 (27) .07
General practitioner visit card holder, Yes, n (%) 10(8.2) 2(3) 8(13) .06
Recruitment source, n (%) .08
Facebook 29 (23.8) 15 (25) 14 (22)
Twitter 23(18.9) 10 (17) 13(21)
Instagram 22(18.0 9(15) 13(21)
University student mailer 23(18.9) 7(12) 16 (25)
Word of mouth 23(18.9) 17 (29) 6(9)
General practitioner/nurse 2(1.6) 1(2 12
Asthma characteristics
Yearssince diagnosis, n (%) 14
<ly 1(0.8) 0(0) 1(2
1-2y 9(7.4) 5(8) 4(6)
25y 14 (11.5) 8(14) 6 (10)
510y 15 (12.3) 8 (14) 7(11)
10+y 76 (62.3) 38 (64) 38 (60)
Don't know 7(.7) 0(0) 7(12)
Visited emergency department in the last year, Yes, n (%)  13(10.7) 8(14) 5(8) 32
Hospital admission in last year, Yes, n (%) 8 (6.6) 5(9) 35 41
Prescribed oral steroidsin last year, Yes, n (%) 46 (37.7) 26 (44) 20(32) .16
Asthma control, n (%) 22
Uncontrolled asthma: Asthma 64 (52.5) 28 (47) 36 (57)
Control Test score <19
Controlled asthma: Asthma Control Test score >19 58 (47.5) 31 (53) 27 (43)
Total Asthma Control Test score, mean (SD), range 19.0 (4.2), 7-25 19.2 (4.4), 7-25 18.8 (4.0), 9-25 .59
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Variable

Participants who com-
pleted baseline (N=122)

Participantswho com-
pleted baseline and
follow-up (n=59)

Participants who
completed baseline
only (n=63)

P value?

Adherence, Total Medication Adherence Report Scale for
Asthma, mean (SD), range

Smartphone and app use

Yearsusing smartphone, n (%)

35y 2(16)
510y 67 (54.9)
10+y 39(32.0)

Hours per day using apps, n (%)
1-3h 38(3L.1)
35h 47 (38.5)
5+ h 23(18.9)

Ever used asthma app, Yes, n (%) 4(3.3)

Currently using asthma app, Yes, n (%) 5(4.1)

Aware of any asthma app, Yes, n (%) 10(8.2)

33.3(8.6), 15-50

33.4(8.3), 18-50 331(89),1550 .85
06
1(2) 12
31(52) 46 (73)
27 (46) 16 (25)
96
22 (37) 22 (35)
26 (44) 29 (46)
11 (19) 12 (19)
2(3) 2(3) 95
4(7) 1(2) 15
8 (14) 2(3) 04

8 value refers to independent two-sided t tests or X2 tests of association.

Primary Outcomes

Participant Recruitment

A total of 122 participants were recruited to this study and they
completed baseline measures from September to December
2020. In relation to where the participants heard about the study,
Facebook was the most common source, followed by Twitter,
university student mailer, word of mouth, Instagram, and GP
or nurse.

Participant Retention

Of the 122 participants who completed the baseline measures,
59 (48.4%) completed the follow-up assessment, that is, were
retained until study completion. Information regarding
participant flow throughout the study is shown in Multimedia
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Appendix 12. Of the participants who completed the study,
word of mouth was the most common recruitment source,
followed by Facebook, Twitter, Instagram, university student
mailer, and GP or nurse.

Usability of AsthmaMD

The mean SUS score for AsthmaMD was 63.1 (SD 20.1). A
score >68 indicates average usability. A total of 25 (46%)
participants “ agreed/strongly agreed” that the app was easy to
use. Table 2 presents the proportion of participants who used
individual AsthmaMD features and who found these useful.
Thefeature that was most used and most frequently reported as
useful was the symptom log. The feature that was least used
and least frequently reported as useful wastheforced expiratory
volume-1 log.

JMIR Form Res 2021 | vol. 5 | iss. 9 |€28784 | p.11
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Murphy et al

Table 2. AsthmaMD features, behavior change techniques present, and proportion of participants who used and found each feature useful (n=59).2

App feature Behavior change technique Participants who Participants who found
used feature, n (%)  feature useful, n (%)
Symptom log Self-monitoring of behavior 41 (70) 30 (73)
Self-monitoring of behavior outcome(s)
Log of medication use Self-monitoring of behavior 39 (66) 18 (46)
Trigger log Self-monitoring of behavior 37 (63) 29 (78)
Peak flow log Self-monitoring of behavior outcome(s) 13(22) 10 (77)
Oximetry log Self-monitoring of behavior outcome(s) 3(5) 2 (67)
Forced expiratory volume-1 log Self-monitoring of behavior outcome(s) 0(0) 0(0)
Notes Self-monitoring of behavior 5(9) 2 (40)
Self-monitoring of behavior outcome(s)
Diary Feedback on behavior 26 (44) 17 (65)
Line chart Feedback on behavior outcome 26 (44) 17 (65)
Send report to physician/other Information about other’s approval 35 2(67)
Reminders Prompts/cues 23(39) 18 (78)
Action plan Instruction on behavior performance 12 (20) 7 (58)
Video tutorial on using your peak flow meter Instruction on behavior performance 3(5) 2 (67)
Demonstration of behavior
Credible source
Video tutorial on understanding asthma Information about health consequences 9(15) 7(78)
Salience of consequences
Credible source
Video tutorial on asthma medication Information about health consequences 6 (10) 5(83)
Instruction on behavior performance
Credible source
Video tutorial on AsthmaMD Instruction on behavior performance 5(9) 3(60)
Demonstration of behavior
Credible source
AsthmaMD frequently asked questions Instruction on behavior performance 6 (10) 1(17)

#The number of participants who used each feature and who found each feature useful varied per individual feature.

Acceptability of AsthmaMD Use

AsthmaMD received a mean score of 58 (SD 2.2) for
participants’ overall experience in using the app for managing
their adherence to ICS. Of the 59 participants, 34 (58%)
participants rated their experience =5/10. In total, 27 (46%)
participants “agreed/strongly agreed” that the app increased
their awareness of their adherence, and 21 (36%)
“agreed/strongly agreed” that the app increased their adherence
to ICS. In response to whether the app increased their confidence
in managing their ICS, 18 (31%) participants “agreed/strongly
agreed.” A total of 15 (25%) participants “agreed/strongly
agreed” that the app reduced the stress in managing their
adherence to ICS, and 25 (42%) “ agreed/strongly agreed” that
the app notifications did not annoy them. A total of 25 (42%)
participants reported that they would recommend the app to
another person with asthma and 14 (24%) were “not sure.”
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Feasibility of AsthmaMD Use

In total, 49 (83%) participants reported using AsthmaMD >1
day per week. The mean number of days per week participants
reported using the app was 3.2 (SD 1.9). In response to whether
participants would continue to use the app after their
participation in the study, 16 (27%) said “yes’ and 14 (24%)
were “not sure” In relation to number of reported minutes per
day participants used the app, 26 (44%) used it for lessthan 5
minutes, 22 (37%) used it for 5-10 minutes, 7 (12%) used it for
10-15 minutes, and 4 (7%) used it for 15-20 minutes per day.

Qualitative Findings From Open-ended Questions

Of the 59 participants, 40 (68%) participants responded to the
open-ended questions. Two main themes were identified in the
data: (1) learning how to use the app to suit the individual and
(2) benefits and relevance of using the app.
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Learning How to Use the App to Suit the I ndividual

Participants had a range of experiences with learning how to
use AsthmaMD and making it personal ly useful. Some discussed
how easy the app wasto use on first use, for individual features
and overall.

...It was easy to input my personal data and then to
track symptoms and triggers. [Participant 47, male,
age 25 years, tertiary/higher level education]

Other participants felt the app required an investment of time
for “trial and error” (Participant 23, female, age 30 years,
tertiary/higher level education) in the beginning to learn how
to useit and subsequently to understand how it could be useful.
Thisinitial investment wasworthwhilefor somewho progressed
in using the app thereafter and found individual features useful
that they may otherwise not have used.

...It took me a while to fully understand the proper
function of the app...to realize what the action plan
was and what it was for...Once | understood it made
more sense to mewhy | would use an app like this.. .|
will be looking into getting an action plan in place
with my GP which | wouldn’t have thought of before
downloading the app. [Participant 39, male, age 27
years, postgraduate education]

However, despite this time investment, some participants
continued to find the app difficult to use. Two factors
contributed to this experience. First, participants commented
on the unnoticeabl e location of features such asthe AsthmaMD
app video tutorial, which may have enabled participantsto more
efficiently and easily learn how to use the app if it had been
more apparent to the user.

...l couldn’t see where to access videos/tutorials to
help with using the app which would’ ve been useful.
[Participant 14, female, age 20 years, second-level
education]

Parti cipants suggested sol utionsto this, including rel ocating the
information and features on how to use AsthmaMD that already
exist within the app to amore obvious location that is easier for
users to find and adding more information on how to use
individual features, immediately presenting thisto userson their
first use of the app. Specifically, suggestions included adding
a help section within each feature on how and why to useit.

...Help sections within each section: eg, when | click

on*“ action plan” it would be useful if therewasalink

to help with that - Other apps have a question mark

at the top which when you click it tells you about the

section, eg, directions on how to set it up and when

and why it would be helpful ...l would also include

information about what the action plan is and how

to go about getting in with the GP” [Participant 11,

female, age 29 years, postgraduate education]
Second, participants felt there was too much medical jargon
used in the app. They felt the app assumed user knowledge of
terminology, which they did not have, thereby making it difficult
to understand.
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...l wasn't familiar with some of the terms...the app
just presumes you know things. [Participant 57,
female, age 21 years, tertiary/higher level education]

Benefits and Relevance of Using the App

This theme includes 2 subthemes: (1) prompt to action and (2)
useful for me or for others.

Prompt to Action

Participants described how their use of the app resulted in
increased awareness of their asthma self-management, which
often resulted in increased self-management behavior, including
improved adherence to ICS and seeking a GP consultation to
track peak flow and devise an asthma action plan.

...this app has highlighted areas of my asthma that |
wasn't aware of. | have booked in to my GP to get
some answer's and to be able to track the peak flow.
[Participant 41, female, age 26 years, tertiary/higher
level education]

One participant discussed how the app identified their asthma
as suboptimally controlled, which prior to their use of this app
they perceived as well-controlled. This objective indication of
asthma control may have otherwise remained unknown to the
participant who now intends to improve their self-management
asaresult.

...Reminded me about some of the measuresto control
your asthma. | thought | managed mine well, but the
app told me it wasn’t so | have to improve on it and
| definitely will, dueto the app! [Participant 62, male,
age 30 years, tertiary/higher level education]

In particular, the reminder to take | CSwas discussed as auseful
feature to overcome forgetfulness, which was noted asabarrier
totaking ICS, and thereby improve adherenceto this medication.
However, 1 participant felt the regular reminders unnecessarily
increased their awareness of taking their ICS and made the
behavior feel more effortful.

...It made taking my inhaler into a chore. I’'m aware
that it is a chore but the constant notifications
annoyed me. [Participant 54, male, age 19 years,
second-level education]

Useful for Meor for Others

Participants discussed the individual features they found and
would find especially useful based on their persona
self-management needs and preferences at different times.

...Thiswould be very handy when | need to track my
peak flow. [Participant 34, femae, age 28 years,
tertiary/higher level education]

...l used this app to track my peak flow, | take my
inhaler properly every day so did not need it to help
me with this. [Participant 50, female, age 28 years,
postgraduate education]

Others expressed how they did not find the app particularly
useful owing to a lack of perceived asthma severity, aready
having adaily routinefor taking ICS or already using areminder
on their phone, and perceiving no need to use additional
technology features.
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...the app would be good for someone that isn't
compliant with their medications however | am so
used to taking it now | don’t need it. [Participant 12,
female, age 26 years, tertiary/higher level education]

A common perception among these participants was that
although the app may not be useful for them on apersonal level,
they felt it would be useful for other young adults living with
asthma such as those with low adherence to ICS, more severe
or frequent symptoms, or those newly diagnosed with the
condition.

...this might be more useful for moderate/severe
asthma patientswho are struggling to determinetheir
disease pattern. | can see the benefit of the app for
thistype of patient. It seemsless useful for controlled
asthma, except for the reminders. [Participant 21,
female, age 30 years, postgraduate education]

Participants proposed suggestions to increase the persona
relevance of the app by adding all ICS treatments to the
medication list within the app, adding options to set reminders
for additional self-management behaviors such as logging
symptoms and visualy presenting the relationship between
users' data on symptoms and medication use in a chart.

...aflow chart of your symptoms and it’s correlation
with medication use..that would be useful.
[Participant 2, female, age 24 years, postgraduate
education]

Discussion

Principal Findings

The findings from this study indicate that the AsthmaMD app
is usable, acceptable, and feasible as defined by the study
progression criteria, to support adherenceto ICSin apopulation
of young adults living with asthma, and that it appears feasible
to recruit and retain young adults to examine its effectiveness
in a prospective randomized controlled trial. Table S2 of
Multimedia Appendix 13 presents the outcome of each Go/No
Go progression criterion. All criteria were fully met (Green:
Proceed), except for the usability of AsthmaMD, which was
partially met (Amber: Amend). Based on our findings, we
propose 3 strategies to improve the app’s usahility.

First, we propose relocating the AsthmaMD app video tutorial
to the main app home screen and sending a notification that
directs usersto thistutorial when they first download and open
the app. Second, we suggest adding a help section within each
featurethat explainshow to useit and the benefits of use. Third,
we propose removing all medical terminology and simplifying
the language used. A recent theory-based reframing approach
to address asthma perceptions and I CS treatment beliefs offers
an alternative from the traditional medical explanation [81].
This approach describes asthma as a condition in which the
lungs are “out of balance” and “overreact” in response to
triggers. ICS are described as “natural helpers’ that “top up”
natural steroidsin the body to prevent overreactions and restore
balancein thelungs. Initial acceptability has been demonstrated
in young adults who perceived the approach as coherent and
easy to understand [81]. In particular, they appreciated its use
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of nonmedical jargon and felt the language presented the
information in amore positive manner [81]. Perhaps AsthmaMD
could employ the language used in this reframing approach to
increase its usability.

The progression criteria for the feasibility of participant
recruitment and retention were fully met; however, the apparent
rate of attrition (63/122, 51.6%) was twice the anticipated rate
(31/122, 25.4%). However, it must be noted that only 63.9%
(78/122) of the baseline sample provided their email addressto
receive and complete the follow-up assessment. Therefore, it
may be argued that it was only possible for this proportion of
participants to complete the study, meaning the study had an
attrition rate of 24% (19/78). After completing the baseline
guestionnaire, the following page thanked participantsfor taking
part and asked those who wished to complete the follow-up
assessment to follow a link and provide their email address.
Thisis anecessary ethical measure to maintain confidentiality
by ensuring email addresses are not linked to any other data
provided by participants. Although participants may have chosen
not to provide their email address at this point, it islikely that
some did not finish reading this page and therefore
unintentionally did not provide their email address to take part
in the follow-up. Asking participants to provide their email
address at an earlier point in the baseline questionnaire could
help overcome this issue in future research.

Nonetheless, we recommend that future trials being conducted
with a similar design factor in an attrition rate of at least 24%
over 2weeks. It isimportant to recognize that attrition rates are
likely to be lower where there is direct participant contact as
this may enhance engagement and commitment to the study
through the establishment of aresearcher-participant relationship
[82]. Theimportance of this personal connection isreflected in
the findings with word of mouth being the most effective way
of retaining participants. The research team may increase the
use of word of mouth by attending and providing study
information at university lectures, sports club training events,
fundraising events, and Asthma in the Pharmacy Days (events
at which an asthma nurse offers patient education on asthmain
designated pharmacies nationwide). Word of mouth was
followed closely by Facebook as an effective strategy of
recruiting and retaining participants. Therefore, we also
recommend that future trials advertise the study on all existing
Facebook accounts in addition to other social media platforms
of the organizations supporting recruitment. Regardless of the
organization’s most active platform, it appears that study
advertisements on Facebook engages young adults most likely
to complete the study.

To determine the feasibility of AsthmaMD use, the frequency
of app use during the study period was considered. This was
measured by the self-reported number of days per week that
participants used the app. The research team selected using the
app 1 day per week or more as the “ Green: Proceed” threshold
for this criterion. This relatively infrequent use in certain
contexts may rai se questions about the potential potency of this
as a behavior change support for self-management of this
chronic condition. However, asthma has a
symptomatic/asymptomatic nature and varies over time often
due to patient adherence, physical activity, allergen or irritant
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exposure, seasonal changes, or viral respiratory infections [9].
Therefore, frequency of app use will likely vary depending on
the users’ needs and preferences at different times. It may be
relevant to gauge the use and usefulness of AsthmaMD and
similar apps in line with these patient needs such as reducing
asthma symptoms for example. This is consistent with recent
findings indicating that patients with asthma may keep a
self-management app on their phone despite infrequently using
it, in order to potentially use it when needed, to manage
increasing symptoms [83].

Thisis line in with the concept of effective engagement with
digital behavior change interventions, defined as adequate
engagement with the intervention to achieve intended outcomes
[84]. This concept proposes that intervention use alone does
not determine health behavior outcomes as these may be
influenced by additional factors such as motivation and
self-regulation skills. Additionally, users may value aternative
outcomes to those intended by the developers. Effective
engagement is defined based on the aim of the specific
intervention and must be identified within the context of that
intervention. Evidence of effective engagement has recently
been found in the context of an app for medication adherence
in adolescents with asthma [85]. Overall app use was not
associated with a difference in adherence; however, use of
specific features such as the health care provider chat
significantly increased adherence behavior. Therefore, if the
efficacy of AsthmaMD is established in future trials, it may be
more valuable to identify and encourage effective engagement
as opposed to simply more engagement with the app.

The jobs-to-be-done theory [86] provides a similar potential
theoretical explanation of this. This framework of consumer
action proposes that people use a product or service because it
meets a need to get a job done, not for the sake of the product
or service itself [87]. Patients may want to reduce symptoms
when they occur and may use an asthma app for this purpose.
Success is determined by getting the job done [87]. Therefore,
when symptoms are eliminated, patient users may feel the app
has served its purpose and not perceive a need to continue app
use. Although health care providers and behavioral scientists
may regard constant patient engagement with self-management
supports asideal, this may not be reasonable or necessary. This
threshold of using AsthmaMD at least 1 day per week was
exceeded as participants used the app, on average, 3 days per
week. In total, 51% (30/59) of the participants reported that
they would or were unsure if they would continue to use the
app. Improving its usability through the above suggestions may
increase intent to continue using AsthmaM D beyond the study.

Additionally, it must be noted that the qualitative findings
indicate acommon perception that participantsfeel the app may
not be personally useful but would be for others with asthma.
Thismay be dueto alack of perceived asthmaseverity and ICS
necessity beliefs, which have consistently predicted
self-management behavior and, specifically, adherence to ICS
[88-91]. Furthermore, this perceived personal relevance has
been found to influence uptake and engagement with a range
of eHealth and mHealth interventions [92] and asthma apps
[93]. Therefore, asthmaand ICS treatment beliefs may need to
be addressed to increase the personal relevance and therefore,
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use of theseinterventionsto improve suboptimal adherence and
self-management in these participants. Horne's reframing
approach [81] aimsto modify these perceptions. Givenitsinitial
acceptability employing this approach within AsthmaMD may
also generate more medically accurate asthma perceptions and
ICS beliefs, for example, perceiving asthma as a long-term
condition requiring regular ICS medication, and in turn,
increasing the personal relevance and therefore, use of the app.

The qualitative findings a so indicate alack of knowledge about
certain asthma self-management behaviors such as what is an
action plan and the purpose of having thisin place. It appears
this inadequate knowledge contributed to an initial lack of
understanding about how AsthmaMD and specific features
could be useful. Perceiving little usefulness or benefits of using
the app may prevent user engagement. However, an interest in
acquiring this self-management information and engaging in
the behavior was apparent. This highlightsthe need and potential
for GPs to assess the knowledge of young adults with asthma
and address their needs in consultations such as providing
information on asthma action plans and devising the patients
personal action plans with them. Within these consultations,
there is potential for GP advocacy of asthma apps such as
AsthmaMD to encourage patient use of these technologies to
support self-management. Health care providers have reported
significant support for asthma mHealth interventions [94,95]
and their professional advocacy of these interventions plays an
influential role in patient uptake and use of asthma apps
specifically [83] and similar interventions in populations with
other chronic conditions [96].

Strengths and Limitations

This study has several strengths and potential limitations. The
sample population had afemale majority of White Irish ethnicity
and with at least tertiary or higher-level education. Of the
participants who completed the study, a significantly higher
proportion had postgraduate education and were aware of an
asthmaapp and were significantly older than those who did not.
However, although significant, this mean age difference was
only 1.5 years, which is unlikely, from a psychological
perspective, to be developmentally significant at this point in
the lifespan. The female mgjority partly reflects the gender
disparities that exist in asthma. In adulthood, females have
increased asthma prevalence (9.8% vs 5.5%) [97],
hospitalizations, and mortality [98,99]. Furthermore, females
are more likely to be educated about asthma control and
management than their mal e counterparts[100,101]. Therefore,
they have a higher asthma burden and appear to take increased
action concerning their symptoms, which may partially account
for higher femal e engagement in this study. However, adherence
and self-management in all adultswith asthmarequires attention.
Both males and females have reported suboptimal asthma
control and adherenceto ICS[15,102-105]. Therefore, obtaining
user feedback with adequate gender balance is important for
developing and assessing suitable asthma apps. Further
breakdown of recruitment sources by gender identified word of
mouth and Twitter as the highest yielding sources of male
participants who completed this study. Future studies should
consider using these recruitment strategies to target males
specifically, for example, providing study information at male
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sports club events and advertising via their Twitter accounts.
In addition, asthma disproportionately affects racial/ethnic
minorities [106] and low socioeconomic groups [107-109].
Therefore, it is essential to engage a diverse sample of young
adult users to establish appropriate asthma supports. Snowball
recruitment techniques and crowdsourcing may increase
diversity in future studies. Additionally, our results are based
on a sample of young adults with asthma in a particular
geographic and sociocultura context; therefore, further research
is needed to support our findings in other contexts.

The high mobility of young adults may have partially accounted
for the low recruitment rate from GP | etters. In Ireland, 56% of
25-34-year-old adults have received tertiary/higher level
education [110]. Young adults often move out of the family
home when starting this education and continue to change
residence beyond this as they explore career opportunities,
cohabitation, or home ownership. Therefore, posting mail to
their family home address may not be an effective method of
contacting this population. A consequence of this low
recruitment from GP wasthat the sample was primarily recruited
through social media and therefore were likely to be more
digitaly literate and motivated to self-select to participate in
self-management research. Future research should explore how
best to enroll young adults from GP, including those who are
harder to reach.

According to relevant guidance, the design and objectives of
feasibility studies should be based on the key uncertainties that
existinrelationtotheintervention or trial and that arandomized
design may not be necessary to address these [40]. Therefore,
anonrandomized design was deemed appropriate for thisstudy.
This design is consistent with recent feasibility studies of
self-management mHealth interventions for young people with
arange of chronic conditions [59,111-115], including asthma
[53]. Furthermore, recent randomized feasibility studies of such
interventionsfor young people[116,117] and asthmaspecificaly
[44,118] have reported no significant difference in retention
rates between intervention and control groups. Therefore, the
feasibility of randomizing young adults was not considered a
key parameter for thisinitial investigation in which feasibility
of recruitment and retention were deemed more pertinent to
focus on at this early stage. However, we recognize that
willingness to be randomized is specific to each study context
and population and therefore, recommend that future similar
studies consider this factor.

Our study was also limited by self-reported app use. We
acknowledge that self-report measures often lead to under or
overreporting of smartphone use [119-122] and while they can
provide useful context [84], they may also lead to biased
reporting of engagement in mHealth interventions [123].
However, collecting usage data through the app would have
raised substantial ethical and data protection concernswith this
study as the research team is not affiliated with the developers
of AsthmaMD and so would constitute an additional, external
party that would require access to this user data. Therefore, it
was not considered worthwhile to pursue this method at this
initial stage of app evaluation. However, future studies should
consider using these objective measures in combination with
self-reported app use that can complement and provide
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meaningful context to these objective data. We a so recommend
that future similar studies draw on the Theoretical Framework
of Acceptability [124] in designing open-ended questions to
capture this concept more extensively.

Finally, the aim of this initial investigation was to determine
the usability, acceptability, and feasibility of using the
AsthmaMD app as an adherence support. The focus was solely
on app use. Accordingly, a 2-week follow-up was deemed
appropriateto achievethisaim based on PPl input and supported
by similar studies and app retention rates. However, futuretrials
that aim to test the efficacy and effectiveness of AsthmaMD to
improve adherence behavior and asthma outcomes should
consider a longer follow-up duration that alows time for the
clinical effect of ICSto maximizein order to optimally increase
asthma control. Although a reduction in inflammation and
symptoms can occur within days, it may take | CS several months
to reach a plateau and can vary per patient [9-11]. Recent
efficacy trials of asthma self-management mHealth interventions
have used a 6-month follow-up duration in adults[125,126] and
adolescents [127]. This would also provide a representation of
longer term app use across this population.

This study also has several strengths, including a near equal
proportion of participants with uncontrolled and controlled
asthma and a range of adherence to ICS in the baseline and
follow-up sample. Therefore, this study obtained user feedback
from asamplewith symptom control and adherencethat islikely
representative of the general population of young adults living
with asthma. Additionally, PPl was conducted by actively
involving the relevant patient group in deciding key aspects of
this study design. PPI isvalued for several reasonsin research.
Incorporating the patient lived experience can improve research
efficiency by increasing relevance, recruitment, and retention,
and benefit meaningful dissemination and implementation [128].
It can also increase the transparency and accountability of
research [129]. Therefore, it is likely that PPl enriched the
quality and relevance of this study to young adultswith asthma.
Finally, the Go/No Go progression criteria were devel oped by
aresearch team with combined expertise on treatment adherence,
self-management in young adults, and feasibility studies.

Conclusion

Thelong-term effectiveness of asthmaapps such as AsthmaM D
in young adults remains unknown. Prior to examining app
effectiveness is determining app usability, acceptability, and
feasibility in thetarget user population. AsthmaM D was deemed
usable, acceptable, and feasible as defined in this study to
support adherenceto ICSin acohort of young adultsliving with
asthma. It also appearsfeasibleto recruit and retain young adults
for further research studies, which is critical for conducting
prospective trials examining efficacy, effectiveness, and
cost-effectiveness. Before proceeding further, we recommend
improving the usability of AsthmaMD by providing more of
and relocating existing information on how to use the app to a
more accessible location and replacing medical terminology
with the simplified language used in Horne's [81] reframing
approach to asthma and ICS. Nevertheless, this study has
demonstrated potential for successful uptake and use of
AsthmaM D and similar smartphone apps. Given the ubiquitous
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use of smartphones, these apps may beascalableand accessible  adherence to ICS is essential to effective asthma management
solution to support adherence to ICS in young adults as they  and to reduce the significant burden of uncontrolled asthmaon
typicaly experience additional developmental demands apersonal, social, and economic level.

throughout this stage of the lifespan. Improving suboptimal
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Abstract

Background: The World Health Organization ranks bipolar disorder (BD) as the 7th leading cause of disability. Although the
effects on those with BD are well described, less is reported on the impact of BD on cohabiting partners or any interactions
between the two; this requires in vivo data collection measured each day over several months.

Objective: We set out to demonstrate the utility of ecological momentary assessment with BD couples measured using yoked
smartphone apps. When randomly prompted over time, we assumed distinct patterns of association would emerge between BD
symptoms (both depression and hypo/mania) and partner mood (positive and negative affect).

Methods: For this pilot study, we recruited an international sample of young and older adults with BD and their cohabiting
partners where available. Both participants and partners downloaded separate apps onto their respective smartphones. Within
self-specified “windows of general availability,” participants with BD were randomly prompted to briefly report symptoms of
depression and hypo/mania(ie, BDS,), positive and negative mood (ie, POMS-15; partners), and any important events of the day
(both). The partner app was yoked to the participant app so that the former was prompted roughly 30 minutes after the participant
with BD or the next morning if outside the partner’s specified availability.

Results: Four couples provided 312 matched BD symptom and partner mood responses over an average of 123 days (range
65-221 days). Both were GPS- and time-stamped (mean 3:11 hrs between questionnaires, SD 4:51 hrs). Total depression had a
small but significant association with positive (r=—14; P=.02) and negative partner affect (r=.15; P=.01]. Yet total hypo/mania
appeared to have no association with positive partner affect (r=—01; P=.87); instead, negative partner affect was significantly
correlated with total hypo/mania (r=.26; P=.01). However, when we look specifically at BD factors, we see that negative partner
affect is associated only with affrontive symptoms of hypo/mania (r=.38; P=.01); elation or loss of insight appears unrelated to
either positive (r=.10; P=.09) or negative partner affect (r=.02; P=.71). Yet affrontive symptoms of hypo/maniawere significantly
correlated with negative affect, but only when couples were together (r=.41; P=.01), not when apart (r=.22; P=.12). That is, these
angry interpersonal symptoms of hypo/mania appear to be experienced most negatively by spouses when couples are together.

Conclusions: Theseinitia findings demonstrate the utility of in vivo ambulatory data collection in longitudinal mental health
research. Preliminary analyses suggest different BD symptoms are associated with negative and positive partner mood. These
negative effects appear greater for hypo/mania than depressive symptoms, but proximity to the person with BD isimportant.

(IMIR Form Res 2021;5(9):€30472) doi:10.2196/30472
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Introduction

Background

One clinical feature of bipolar disorder (BD) is variable
awareness of symptoms, their severity, and impact on others;
this appears especially true when manic [1]. Fortunately,
smartphones today enable active and passive measurement of
mood and behavior for those with mental health conditions
[2-4], including BD [5-7]. Both prompted data collection [8],
and embedded sensors [9] enable smartphones to capture,
synthesize, and share information from those with BD and their
carers (eg, spouses) [10].

For the bipolar affective disorders and older adults (BADAYS)
study, we randomly prompted and measured BD symptomsin
the moment [11]. For this pilot study, a subset of BADAS
participants with cohabiting partners downl oaded the carers app
onto their smartphone. We set out to demonstrate the viability
of dyadic ecological momentary assessment (EMA) and to
compare BD symptoms (both depression and hypo/mania) and
partner mood (positive and negative affect) over time.

For this pilot study, we had two specific aims. First, to
demonstrate the utility of in vivo, ambulatory assessment with
BD couples (ie, yoked smartphone apps). Essentialy, would
persons with BD and their cohabiting carers regularly provide
subjective information when randomly prompted by their
respective smartphones? Assuming that ambulatory data
collection proves effective, are BD symptomsand partner mood
correlated when measured each day over several months? And
if s, inwhich directions (eg, depression correlated with negative
partner affect)?

Data collection via smartphone app allowed us to determine
who responded first each day (i.e., participant then his or her
partner; or partner then participant), the interval between their
respective responses, and whether they were together or apart
(ie, shared vs distinct GPS coordinates).

BD Symptom M easurement

With few exceptions, BD symptom scales rely on both
self-report and memory (eg, recall over the past week or month)
[12]. Yet research indicates that retrospective responses are
affected by recall (eg, forgetting) and various response biases
[13]. For instance, end-of-day retrospective reports capture just
26% to 37% variability in mood compared to in-the-moment
responses obtained earlier that day [14]. Moreover, recall
accuracy declines at times of increased life stress.

This has fostered observational and objective measurement,
while euthymic and symptomatic [15,16] and where people
with BD work and live [17,18]. Initia research suggests that
the use of smartphones can foster self-insight and help forestall
BD mood episodeswhen patients are medication adherent [ 19].
Thisis possible because smartphones are ubiquitous today and
can measure, store, and transmit data in real-time, along with

https://formative.jmir.org/2021/9/e30472

location and biometric data [20-22]. This alows us to identify
person-specific factors associated with the onset and
maintenance of BD mood episodes [23], including the ability
to sustain supportive relationships, which are important to
wellness with BD over time [24].

BD Carer Well-Being

BD affects not only those diagnosed but also their family,
friends, coworkers, and neighbors[25,26]. The negative impact
of BD on carers includes mood episodes (depression and
hypo/mania) [27], financial problems [28], and reduced social
and functional well-being [29]. As aresult, quality of life for
BD carers can be severely impacted [30]. Compared to those
caring for those with major depression, BD carersreport greater
burden and role strain [31].

According to Reinares et al [32], carer burden is greatest when
thosewith BD are agitated, irritated, and depressed. Yet suicidal
ideation causes carers greatest distress [33]. One challenge for
BD carersisloss of control asBD mood episodes are generally
unannounced, patients can present with depression, hypo/mania,
or both [34], and recovery between episodesis often incomplete
[35-37].

Though research examining the impact of BD on friends and
family has grown in recent decades [38], all studiesto date are
based on retrospective questionnaire responses [31,39] or limited
by very smal sample sizes due, in part, to the low BD
prevalence[40]. Social mediarecruitment for the BADAS study
enabled the enrollment of an international sample of young and
older adults with BD and their cohabiting spouses or partners
when available.

Methods

Study App Development

The BADAS study app and data collection platform were
developed, tested, and refined over 2 years, including iterative
pilot testing in the field to ensure the app functioned asintended
and data are reported as recorded (eg, GPS coordinates
corroborated by self-reported location). Pilot testing occurred
across multiple locations and time zones [8].

BADAS Study Recruitment

We first recruited 50 adults with BD living in Canada, the
United States, the United Kingdom, South Africa, and Australia.
Participants were recruited using microtargeted social media
advertising drawn from a globa population of 6.2 million
English-speaking, adult Facebook users with ‘bipolar disorder
interests’ (eg, members of online BD support networks). As
described elsewhere in more detail [41], machine-generated
algorithms cal culated by social media platforms are unique not
so much for their sensitivity but specificity (ie, exclusion of
those who do not have BD). Thus, persons recruited via
Facebook do not represent the population, but we can be
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confident these are personswith BD because only personswith
BD received the advertisements.

After clicking the ad, prospective participants were directed to
a website describing the study; if eligible and interested, they
were asked to provide their names and contact information.
During screening interviews (telephone, Zoom, or Skype),
prospective participants confirmed their BD diagnosis and
provided emergency contact information (eg, psychiatrist). This
was prudent, as bipolar disorder has the highest rate of suicide
of al mental health conditions [42]. Ethics approval for this
study was provided by Simon Fraser University, Burnaby,
British Columbia, Canada.

Partners of Personswith BD

Participantswere also asked if they currently lived with aspouse
or partner and to provide their partner’'s email address. Only
with the participant’s permission did we send email requeststo
their respective partners, inviting their participation. Both were
assured that no information would be shared between them.
Despite this, most BADAS participants requested that we not
invite their spouses or partnersto take part. Only 3 women and
1 man agreed and downloaded the partner app onto their
smartphones (eg, App Store). No partners were lost to attrition.

Figure 1. Four-factor model of bipolar disorder symptoms.

Yerushalmi et al

We purposefully recruited partners without mental health
diagnoses; one couple, in which both partners had BD, was
excluded. This allowed us to examine associations between
normal affect and BD symptoms (ie, pathology).

Instruments

The bipolar disorder symptom scale (BDS,) [43] was devel oped
for brief, ambulatory assessment of depression and hypo/mania.
Respondents indicate the degree to which each of 20-mood
adjectives corresponds to how they feel right now, at that
moment. Research suggests a four-factor structure: two
depression (cognitive and somatic) and two hypo/maniafactors
(elation or loss of insight and affrontive symptoms). The two
depression and two hypo/mania factors are correlated, and
affrontive symptoms of hypo/mania (eg, furious, disgusted,
argumentative) are positively correlated with both depression
factors suggesting pathways for mixed symptom presentation
[44]. The construct validity of this four-factor model of
symptomology was demonstrated across BD subtypes[45] and
relative to quality of life with BD [46] (Figure 1).

The BDS, was developed for ecological momentary sampling
of BD symptoms via smartphone app [43,44] but has also been
validated for use online [45,46] and as a printed-page screening
measure with BD outpatients [47,48]. In this study, a=.88 for
depressive symptoms and a=.71 for the hypo/mania subscale.
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Profiles of Mood States

Partner affect was assessed using the 15-item version of the
profile of mood states (POMS-15), revised for daily diary
research [49]. Participantsare asked to rate eachitem on aLikert
scale ranging from not at al (1) to alot (3). POMS-15 items
measure 12 negative and 3 positive emotions. Thisemphasisis
based on research indicating that negative affect is (@) more
reliably associated with individual functioning within context
of acute stress and (b) more likely to be conveyed between
partners and influence interpersonal processes than positive
affect [48]. Internal consistency for negative POMS items
measured over repeated pointsishigh for paramedics and their
spouses (.87<a<.90) [50]. In this study, a=.87 for negative
affect and a=.74 for positive affect.

Ecological Momentary Assessment

At recruitment, BADAS participants and partners specified
“windows of general availability” inwhich they wererandomly
prompted to complete brief questionnaires on their respective
smartphones. Participants were prompted twice daily to
completethe BDS, (AM and PM), describe sleep quality (AM),
medication adherence (AM), and any important events of the
day, the importance of the event, and its impact on mood and
perceived control (PM).

Partners completed a single evening questionnaire that included
the POMS-15. Positive and negative affect are inversely
correlated but distinct aspects of mood associated with distinct
brain regions[51]. Positive and negative affect are not endpoints
along a single continuum. To our knowledge, this is the first
study to examine positive and negative affect as distinct
constructs relative to BD symptoms, and the first to measure
the effects of affrontive symptoms of hypo/maniaon cohabiting
carers.

BADAS participants and partners were randomly prompted up
to 3 times within 30-minute data collection windows. If they
did not respond within the first 20 minutes, the app prompted
them again. A third and final prompt was sent 5 minutes
thereafter (if they did not respond to the second prompt).
Participants could select a distinct or dedicated tone to
distinguish study-related prompts from other smartphone sounds

(8].

The partner app was yoked to their respective participant’s app
to collect couple'sdatawithin 30 minutes. When the participant
responded later than their partner's availability, they were
prompted the next morning, before noon. Baoth the participant
and their respective partner could submit voluntary
guestionnaires any timeif they missed aprompted questionnaire
or to report a particularly salient event in the moment. Both
voluntary and prompted questionnaires were time- and
GPS-stamped (ie, longitude and latitude), alowing us to
determine if participants and partners were together or apart
when their respective questionnaires were submitted.

Participant Remuner ation

BADAS participants were paid $1 CDN/day ($0.79 USD) if
they complete both the AM and PM questionnaires when
prompted. If they missed one AM or PM prompt (not both),

https://formative.jmir.org/2021/9/e30472
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they could later submit avoluntary questionnaire. Partnerswere
also paid $1 CDN/day ($0.79 USD) on submission of asingle
PM questionnaire.

Results

Viability of Ecological Momentary Assessment with
BD couples

For this pilot study, we identified 312 matched participant and
partner app responses from 4 couples over an average of 123
consecutive days (mean 4 months and 3 weeks, range 65-221
days). This sample size is sufficient to detect medium to large
effect sizes for correlation coefficients between BD
symptomology and partner mood (where d=.80; a=.80) [52].

Although participants are few (N=4 couples), our ability to
collect thisvolume of in vivo ambulatory data over an extended
period supports our first research question (ie, N=312 matched
responses). Specifically, data collection using yoked smartphone
apps appears to be an effective method for long-term data
collection from persons with severe mental illness and their
carers (both prompted and ambient data).

Correlational Analyses

Our ability to collect 312 matched responses from dyads
demonstrates the efficacy of ambulatory data collection with
BD couples over time (mean 123 days). BADAS participants
submitted the BDS, before their partners completed the POMS
45% of the time (139/312; mean 4:50 hrs, SD 5:34 hrs); but
most days, partners provided responses before participants
(173/312, 55%; mean 1:52 hrs, SD 3:42 hrs). This sequence
waslargely random asit began with the participant's PM prompt
(ie, within specified PM availability). One or both responses
might also have been reported voluntarily that evening, not as
prompted questionnaires, which might also change the response
order that day (ie, participant then partner vs. partner then
participant).

This difference in completion intervals (1:52 hrs vs 4:50 hrs)
reflects partners compl eting the questionnaire the next morning
(ie, BDS, submitted after partners were no longer available,
following their instructions). This was not uncommon, and is
consistent with the observation that those with BD are more
likely to be night owls than early birds [53]. In contrast, when
partners submitted the POMS first, BADAS participants also
completed the BDS, that evening.

We next examined correlations between total depression
(cognitive and somatic symptoms), total hypo/mania (affrontive
symptoms and elation or loss of insight), and partner mood
(positive and negative affect). We found that depression had a
small but significant association with positive (r=—14; P=.02)
and negative partner affect (r=.15; P=.01). Yet total hypo/mania
appears to have no association with positive partner affect
(r=—01; P=.87); instead, negative partner affect was
significantly correlated with total hypo/mania (r=.26; P=.01].
This coefficient is the largest in this table, suggesting that
symptoms of hypo/maniaaffect partners more than depression.
These preliminary findings suggest that symptoms of
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hypo/mania foster sadness (ie, negative affect), not reduce

Yerushalmi et al

positive affect (Table 1).

Table 1. Correlation coefficients between bipolar disorder symptoms and positive and negative partner mood [N=312].2

Positive affect Negative affect Total depression Total hypo/mania
Positive affect, r (P value) _b —-45(.01) -.14(.02) -.01(.87)
Negative affect, r (P value) —.45(.01) - .15 (.02) .26 (.01)
Total depression, r (P value) -14(.02) 15(.01) - .29 (.01)
Total hypo/mania, r (P value) -.01(.87) .26 (.01) .29 (.02) -

gtatistically significant coefficients are in bold.
BNot applicable.

Consistent with existing research [47,48], depression and
hypo/maniaare positively correlated (r=.29; P=.01), suggesting
that depression and hypo/mania are not inverse clinical states.
Often participants reported both types of BD symptoms (eg,
mixed features). By contrast, positive and negative partner affect
are negatively correlated (r=—45; P=.02).

Partner Mood and BD Factors

Above, we noted that the largest coefficient between BADAS
participants and partnersin Table 1 is between total hypo/mania
and negative partner affect (r=.26; P=.01). Yet when we look
more closely at BD factors, we see that negative partner affect

is associated only with affrontive symptoms of hypo/mania
(r=.38; P=.01). Elation or loss of insight appears related to
neither positive (r=.10; P=.09) nor negative partner affect
(r=.02; P=.71; Table 2).

Similarly, we noted that cognitive symptoms of depression were
significantly correlated with negative partner affect (r=.18;
P=.01); however, negative affect appears unrelated to somatic
symptoms (r=.03; P=.58). The inverse is seen with positive
partner affect, which is inversely and significantly correlated
with somatic symptoms of depression (r=—20; P=.01) but not
cognitive symptoms (r=—05; P=.43).

Table 2. Correlation coefficients between positive and negative partner mood and bipolar disorder factors (N=312).2

Positive affect, r (P value) Negative affect, r (P value)
Cognitive S, depression —.05 (.43) .18 (.01)
Somatic S, depression -20(.01) .03 (.58)
Affrontive Sy of hypo/mania -10(.07) .38 (.01)
Elatio, loss of insight .10 (.09) .02 (.71)

gtatistically significant coefficients are in bold.

Couples Together and Apart

As previously noted, symptom and mood questionnaires were
time- and GPS-stamped when submitted, allowing us to
determine when questionnaires were completed and if couples
were together or apart (ie, same GPS coordinates). Cognitive
symptoms were significantly associated with negative affect
when together and apart, and somatic symptomswereinversely
associated with positive affect. Elation or loss of insight was
associated with neither positive nor negative mood. What might
be described as classic or quintessential mania symptoms (eg,
euphoria and impulsivity) appear unrelated to partner mood
when couples are together or apart.

https://formative.jmir.org/2021/9/e30472

By contrast, affrontive symptoms of hypo/mania were
significantly correlated with negative affect but only when
couples were together (r=.41; P=.01), not when apart (r=.22;
P=.12). This result supports the construct validity of this
confrontation-related grouping of symptoms. Consistent with
our operational definition, these angry interpersonal symptoms
of hypo/mania are experienced most negatively by spouses
when couples share the same GPS coordinates. The largest
coefficient in these preliminary analyses is between affrontive
symptoms and negative partner affect when together (r=.41;
P=.01,; Table 3).
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Table 3. Bipolar disorder symptoms and partner mood (positive and negative affect) together and apart.2

Positive affect, r (P value)

Negative affect, r (P value)

Together” Apart Together® Apart
Cognitive S, depression .01 (.84) -22(.13) 15(.02) .29 (.04)
Somatic S, depression -.18(.01) -.28(.05) —-02(.72) 23(.11)
Affrontive Sy of hypo/mania —.05(.39) -19(.19) 41 (.01) 22 (.12)
Elation or loss of insight 10 (.13) .01(.94) .08 (.19) —.07 (.60)

gtatistically significant coefficients are in bold.

BPartici pants and partners together when questionnaires submitted (ie, same GPS coordinates).

Discussion

Principal Findings

The objectives of this pilot study were to (1) demonstrate the
viability of ambulatory data collection with BD couplesand (2)
identify associations between partner mood and BD
symptomology over months of daily data collection. Both
objectives were achieved. Moreover, preliminary analyses
suggest distinct associ ations between depression and hypo/mania
and positive and negative parther mood. GPS measurement
enabled usto determine whether responses were submitted when
couplesweretogether or apart (ie, samelongitude and latitude).
Though recruitment and data collection did not occur as first
intended, we largely met or exceeded the standards for
ambulatory  assessment recommended by Trull and
Ebner-Priemer [54].

BADAS participant and partner apps were yoked so that
responses from both would be received within 30 minutes,
fearing that between-couple effects might dissipate after more
than an hour. In other words, time intervals between reporting
of BD symptoms and partner mood were longer than intended.
However, this makes the number and size of coefficientswithin
couples more noteworthy. For instance, BD symptom levels
reported the night before remain correlated with partner mood
the next morning, suggesting that the impact of BD symptoms
on partners (or partner mood on participants with BD) is not
limited to minutes but appears to persist for hours maybe days.
Correlation coefficients between BD symptoms and partner
mood are similar to coefficients reported between partners
without mental illness [50,55,56].

We examined both positive and negative partner affect in
relation to BD symptomology in real-time. This proved
fortuitous aswe found different associ ations between depression
and hypo/mania and positive and negative partner affect. For
instance, somatic symptoms of depression are inversely
associated with positive affect, whereas cognitive symptoms of
depression are significantly correlated with negative affect (not
positive affect).

These results are largely consistent with previous research
indicating that both depression and hypo/mania affect carer
well-being [33]. Our findings have the advantage of measuring
both participant symptoms and partner mood each day, close
in time, and over severa months. Ecologica momentary

https://formative.jmir.org/2021/9/e30472

sampling allowed usto collect responsesin real-time, unaffected
by recall biases, and in familiar settings (eg, home).

On average, we collected matched symptom-mood responses
from couples each day over 3 months and 3 weeks (mean 123
days). By design, completion of app questionnaires required
only 3-5 minutes. Brevity of measurement was integral to high
participant retention and adherence. This high rate of
participation may a so be explained by participant remuneration
for submission of app questionnaires. Notably, roughly 20% of
BADAS participants opted to give their accumulated monies
to a BD charity, suggesting both intrinsic and extrinsic
motivation to participate in this study. Some participated to
supplement their incomes, whereas others appeared to be
motivated to contribute to BD research.

Limitations and Future Research

The number, size, and pattern of coefficients we report warrant
further study. More elaborate analyses of BD couple dynamics
should be undertaken (eg, interactions and time-lagged effects)
using contemporary analyses for daily diary analyses (eg,
hierarchical linear modeling). Correlational analyses reported
herein are preliminary. Most nonsignificant findings would be
significant with larger samples;, coefficients should be
interpreted within ranges (eg, small correlation; .20<r<.35).

The primary limitation of this study is the sample size. We
collected information from participants and partners over an
extended period, but with only 4 couples, therefore,
generalizability of findings is limited. This small sample size
limits our ability to (ethically) report full descriptive
information. Future study with more couples is needed to
identify any gender or cross-national differences.

Asnoted above, the primary impediment to recruitment for this
study was the reticence of BADAS participantsto include their
spouse or partner. Despite assurancesthat no information would
be shared, the mgjority of participants asked that we not contact
cohabiting spouses or partners. The reasons for this reluctance
arenot immediately apparent (ie, wedid not directly ask). Future
couples research should recruit partners first, then cohabiting
persons with BD, to determine if this sequence proves more
effective.

Asrecommended by Trull and Ebner-Priemer [54], instruments
used in this study were devel oped and validated for ambul atory
assessment. For instance, the BDS, [43,44] was specifically

developed to briefly measure both symptoms of depression and
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hypo/mania; and though we report good between-person
reliability for both the BDS, and the POMS-15, ideally, we

should report both within-person and between-person reliability.

Implications and Applications

Results of this study demonstrate the efficacy of EMA in dyadic
mental health research. Though participants were few, we
collected real-time information each day from couples over 4
months on average. Random data collection using smartphone
appsisaviable methodology for longitudinal, dyadic research,
including coupleswhere one spouse liveswith achronic mental
health condition. Dueto the ubiquity of smartphonestoday, this
yoked-app methodology can be applied to a range of mental
health research applications. In addition, research isnot limited
to dyads as extended families and social networks should also
be studied in vivo.

EMA data collection functioned effectively, allowing us to
collect daily responses from couples when prompted. Yet
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however, confounded our objective of collecting responsesfrom
both spouses within 30 minutes. Fortunately, results suggest
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needed to cope with and manage BD mood episodes more
effectively.
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Abstract

Background: Peer support isan emotional, social, and practical help provided by nonprofessionals to assist othersin sustaining
health behaviors. Peer support isvalued in recovery-oriented models of mental health and is becoming increasingly implemented
at the organizational level. Text messaging is a relatively low-cost, high-impact, and easily scalable program that uses existing
technology, is devoid of geographic barriers, and is easily accessible to end users.

Objective: This study aims to evaluate the effectiveness of an innovative peer support system plus a supportive text messaging
program on the recovery of discharged patients from acute psychiatric care.

Methods: This prospective, rater blinded, controlled observational study included 181 patients who were discharged from acute
psychiatric care. Patients were randomized to one of four conditions: treatment as usual (follow-up care), daily supportive text
messages only, peer support only, or peer support plus daily supportive text messages. A standardized self-report measure of
recovery (Recovery Assessment Scale [RAS]) was completed at baseline, 6 weeks, 3 months, and 6 months. Descriptive analysis,
one-way analysis of variance, and repeated measures multivariate analysis of covariance were used to examine the changes in
the RAS among the study groups and over the follow-up time points.

Results: A total of 65 patients completed the assessments at each time point. For the overall sample, higher scores were found
for the peer support plustext message condition compared with the text message only and treatment as usual condition on several
scales (ie, willingnessto ask for help and personal confidence and hope) and total score onthe RAS, after 6 months of intervention.

Conclusions: Peer support plus supportive text messaging seemsto result in improved recovery compared with other interventions.
It may be advisable to incorporate the two interventions as part of routine practice for patients with psychiatric disorders upon
hospital discharge.

(IMIR Form Res 2021;5(9):€27137) doi:10.2196/27137
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Introduction

Background

Peer support is emotional, social, and practical help provided
by nonprofessionals to assist others in sustaining health
behaviors [1]. The supporters share a similar condition as
patients, successfully managetheir conditions, and have received
training to provide support [2]. Peer support may include
activities such as advocacy, connecting resources, and
experiential sharing [3]. Peer support is consistent with the
recovery paradigm in mental health [4], and the purported
mechanisms through which it functions [2] include knowledge
sharing, modeling adaptive coping strategies, social comparison,
and enhancing social support. Moreover, peer support systems
can serve asan entry point into the health care systemfor hardly
reached individuals and can provide support for those who
would otherwise not engage in treatment [1]. Peer support may
also offer benefits to peer supporters by enhancing feelings of
competence and meaning [2].

Peer support isvalued in recovery-oriented models[4] of mental
health and is becoming increasingly implemented
organizationally [5,6]. A review reported positive outcomes,
including lower inpatient service use, better relationships with
providers, and increased engagement [7]. However, arigorous
evaluation of randomized controlled trials (RCTSs) [8] of peer
support studies reported that outcomes were mixed and often
nonsignificant. In their review, the authors noted a high degree
of bias and methodological limitationsin the studies, including
inconsistent training for peer support workers (PSWs), lack of
randomization of patients, and lack of blinding of outcome
assessors, and concluded that “ peer support programmes should
be implemented within the context of high-quality research
projects wherever possible.”

The existing literature suggests that peer support is valuable,
but a more rigorous methodology to evaluate peer support
program outcomes is needed. This study used an RCT design
to evaluate a peer support model, which incorporates, as an
innovative adjunct intervention, daily supportive text messages
(TxM), provision of consistent training to PSWSs, adopting
blindness of the assessor, and randomization of the allocated
patients.

Text messaging isarelatively low-cost, high-impact, and easily
scalable program that uses existing technology, is devoid of
geographic barriers, and iseasily accessibleto end users. Several
RCTs have shown significant decreasesin symptomatology in
psychiatric conditions after the implementation of text
messaging [9,10] and high rates of satisfaction among end users
[11]. During the COVID-19 pandemic, supportive text
messaging has been effective in decreasing symptomatology at
the genera population level [12]. Incorporating such services
as astandard for patients upon their discharge from acute care
may significantly improvethe clinical and nonclinical outcomes
for these patients and the health care system.

Study Aim

The overal aim of this project is to evaluate the effectiveness
of innovative peer support and supportive text messaging

https://formative.jmir.org/2021/9/e27137
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systems as either stand-alone or combined interventions in
addition to the usual treatment for patients discharged from
acute care.

Methods

Study Design

Although the initial intention was to conduct an RCT [13],
subject recruitment and treatment arm allocation issues
necessitated an early planned transition to a controlled
observational study, as described in the following sections.
Participants were recruited from June 2019 to February 2020
and were randomized into one of four conditions: (1) PSW only,
(2) TXM only, (3) PSW plus TxM condition (PSW+TxM), and
(4) treatment as usual (TAU). Written consent was obtained
and no incentives were provided.

Initial randomization was performed by an independent
statistician using the block randomization method. The generated
codes were sent securely to the study coordinator to assign the
recruited patients across the four arms of the study treatment
groups. Participantswere asked at the beginning of theinterview
to not reveal their treatment alocation to the researcher who
would facilitate the follow-up assessments. The study database
was updated by the study coordinator upon recruitment.
Randomization codes were kept secured on apassword-protected
computer. To further maintain the blindness, the researcher
conducting follow-up assessments was not granted access to
the database that contained the randomization code.

The study was approved by the Health Ethics Research Board
of the University of Alberta (reference number Pro00078427)
and operationa approval from Alberta Health Services, the
regional health authority. Written informed consent was obtained
from al the patients. The study was registered with
Clinical Trials.gov (trial registration: NCT03404882). Inrelation
to the design change to a controlled observational study, the
amendments to the study protocol [13] are now reflected in a
revised registered trial protocol for NCT0340488.

Study L ocations

The study was conducted at 5 acute psychiatric care units in
Edmonton, Alberta, Canada. Patientswere invited to participate
in the study before their discharge.

Participants

Patients

Theinclusion criteriawere asfollows: mental health condition
(mood or psychotic disorder), imminent discharge from acute
care, 18to 65 years of age, ableto provide written consent, and
a mobile handset capable of receiving text messages. The
exclusion criteria were as follows: inability to read the text
messages from a mobile device, an addiction disorder without
a mental health diagnosis, receiving PSW service before the
study, or inability to commit to a sixth-month follow-up of the
study.

Peer Support Workers
PSWsin this study were employed by Alberta Health Services
Edmonton Zone Addiction and Mental Health Services after
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receiving 2 weeks of formal training. The PSW training program
wasdesigned by Cusick [14] and covered 13 domains:. recovery
and peer support; the history of recovery movement; worldview
and culture; self-determination; trauma-informed care;
boundaries and limits; communication and connection; the social
determinants of health; impact of prejudice, discrimination, and
stigma; grief and loss; crisis and recovery; goal planning; and
self-care. In alignment with the literature [15], matching PSWs
with our patients with respect to their baseline mental health
conditions was not a criterion for assigning candidate patients
to a PSW.

Demographic Characteristics of PSWs

A total of 8 dedicated PSWswere enrolled inthisstudy (1 male
and 7 females). They are employed by Alberta Health Services
and occupy different positions in different health care settings
within the Addiction and Mental Health portfolio. Asdescribed
earlier, PSWs were not matched to our patients based on their
mental health conditions, and so the mental health diagnosis of
the PSWsin this study was not ascertained.

Treatment I nterventions

In the PSW-only condition, a PSW met physically or virtually
with the patients up to eight times over a 6-month period to
offer mental health support. In the TxM-only condition, TxM
were received without additional PSW intervention. In the
PSW+TxM condition, participants were offered PSW services
along with daily TxM. In the control arm, conventional
follow-up appointmentswith community providerswere offered
but neither PSW nor TxM were provided.

1 Peer support service: patients in the PSW-only and
PSW+TxM arms of the study were assigned PSWs who
visited them (one to one) at the hospitals to introduce
themselves and build rapport before patients were
discharged into the community. PSWSs visited the
participants up to eight times over a 6-month period (mean
3 visits, SD 2.5). They offered the opportunity for
interactive phone calls and/or texts between themselves and
patients for 6 months. Phone calls or virtual meetings were
offered to replace face-to-face meetings during the
COVID-19 pandemic. Patients continued to receive usual
community clinic or program treatments.

2. Text4Support: thisisadaily supportivetext message service
conceived and designed by a group of psychiatrists,
psychologists, mental health therapists, and patients based
on cognitive behavioral therapy principles[16]. A bank of
messages was generated and included different text message
programs tailored for the following eight mental health
domains: depression, anxiety, psychotic disorders, substance
use disorders, bipolar disorder, adjustment disorders,
attention-deficit or hyperactivity disorder, and general
well-being. About 80% of the messagesin all eight message
banks had similar general well-being content; the remaining
20% targeted diagnosis-specific symptoms. Patients were
enrolled by the research team to receive an assigned
message bank based on their primary diagnosis by linking
their phone number to the message bank through a
web-based application (software). Patientsin the automated
TxM-only and PSW+TxM arms of this study received
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automated messages at 10 AM Mountain Time. Examples

of these messages include the following:

- Noticethe good things going on in your life right now.
Often, we do not notice the good but taking a moment
to do so can uplift you. (General well-being)

- When we are anxious, our thoughts often focus on
future “danger.” Shift your attention to the present.
What is happening right now? (Anxiety)

- Self-monitoring helps you identify and distinguish
between normal changes in mood and mood swings
that are problematic. (Bipolar disorder)

- Try talking quietly back to voices. Tell them they are
wrong. Using thevocal part of the brain can reducethe
intensity of voices. (Psychosis)

Outcomes

Parti cipants compl eted measures at baseline, 6 weeks, 3 months,
and 6 months. The primary outcome measure for this study was
recovery, as assessed by the Recovery Assessment Scale (RAS
[17]), a standardized instrument with strong psychometric
properties, including high interna consistency (a=.93),
test-retest reliability (r=0.88), and concurrent validity [18].
Furthermore, the scale is sensitive to changes over time [19].
This 24-item scale provides self-reported recovery ratings on a
5-point Likert scale (strongly disagree=1, disagree=2, not
sure=3, agree=4, and strongly agree=5). The RAS subscales
includefivefactors: (1) personal confidence and hope (response
range 9-45); (2) willingness to ask for help (response range
4-20); (3) goal and success orientation (response range 3-15);
(4) reliance on others (response range 5-25); and (5) no
domination by symptoms (response 3-15). The Cronbach a
coefficients for the five subscales range from 0.74 to 0.87, and
the total score is positively associated with quality of life and
empowerment, whereasit isinversely associated with symptoms
[20]. Total scores(raw scores) were cal culated for the composite
RAS and for each of the five subscales and were used in the
analysis of this study [19,21-23].

Sample Size

Consistent with the idea that this was a pilot study without an
empirically established effect size availableto aid in power and
sample size calculations, the targeted sample size of 180
participants was based on existing operational resources [24].

Data Analysis

Theanalysiswas conducted using SPSSversion 20 (IBM Corp,
2011) [25]. Initialy, we aimed to use intention-to-treat analysis,
whereby patient data were analyzed according to their original
assigned groups, regardless of the time spent in the study.
However, after randomization and due to clinical logistic
reasons, a significant number of patients did not receive access
to the PSW service in the two intervention arms of the PSW.
As stated earlier, a strategic decision was made to adapt the
protocol to a controlled observational study and to change the
analysis approach to as-treated, rather than intention-to-treat,
to maximize the investigational value of the study without
compromising or biasing outcomes.
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Baseline data, including sociodemographic (age group, gender,
ethnicity, education level, employment status, and rel ationship)
and clinical characteristics (primary diagnosis and RAS five
factors), were analyzed to assess between-group differences
across the four arms of the study (PSW-only condition,
TxM-only condition, PSW plus TxM condition, and TAU
condition). The analysis was conducted using chi-square and
one-factor analysis of variance (ANOVA) for categorical and
continuous variables, respectively.

Age categories were generated in accordance with the quartile
distribution of the age-in-years variable. RAS factors were
analyzed to assess cluster differencesamong the four study arms
across the four periods of the study, using mean and SD. A
one-factor ANOVA followed by Tukey post hoc test was
performed to assessthe statistical differences between the study
arms and corresponding mean scores on each RAS factor for
all the participants who completed the follow-up assessment at
any designated follow-up time point. Welch F and
Games-Howell post hoc tests were performed when there was
evidence of a violation of the homogeneity of variance
assumption. For participants who completed assessments at all
the four time points, a repeated measures multivariate analysis

Figure 1. Study flow chart.
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of covariance (MANCOVA) was used to assess the impact of
the four arms of the study on participants scores of the RAS
five factors across the three time points (6 weeks, 3 months,
and 6 months follow-up), while controlling for baseline scores.
With regard to MANCOVA post hoc analysis, Bonferroni
corrections were used to control for multiple comparison error
rate changes for post hoc pairwise analyses.

Cls and P values were used in reporting. Cases with missing
values of more than one individual response per factor were
excluded from the analysis. The two-tailed a-level criterion for
statistical significance was set at P<.05.

Results

Participant Flowchart

The study flowchart is presented in Figure 1. A total of 181
patients were recruited and randomized into four study arms
(n=43-47 per condition). At 6 weeks, 64.6% (117/181) of
patients responded to the RAS survey, whereas 56.9% (103/181)
of patients responded at 3 months, and 45.9% (83/181) of
patients responded to the 6-month survey, yielding an aggregate
time point response range between 45.9% and 64.6%.

| Assessed for eligibility (n=218) ‘

g Excluded (n= 36):
| Not meeting inclusion criteria (n=25)
= e Declined to participate (n=11)
a Other 1 (n=0)
Randomized (n=181)
I
Allocated to TxM Allocated to PSW Allocated to PSW+TxM Allocated to TAU
- intervention (n=47): intervention (n=47): intervention (n=42): (m=45):
] + Received allocated + Received allocated + Received allocated » Received allocated
E intervention (n=58%) intervention (n=28) intervention (n=31) intervention (n=64")
= + Did not receive + Did not receive PSW + Did not receive PSW * Did not receive
< allocated intervention intervention (Not intervention (Not allocated intervention
(n=0) contactable) (n=19) contactable) (n=11) (n=0)
| |
- Lost to follow-up (n=20): Lost to follow-up (n=6) Lost to follow-up (n=5) Lost to follow-up (n=32)
2 4 | = Not contactable (n=19) + Not contactable (n=6) + Not contactable (n=5) * Not contactable (n=15)
7 § * Declined assessment * Declined assessment * Declined assessment * Declined assessment
£ a0 (=0 (n=0) @=17)
E @ | « Discontinued + Discontinued + Discontinued + Discontinued
intervention (n=1) intervention (n=0) intervention (n=0) intervention (n=0)
Lost to follow-up (n=25) Lost to follow-up (n=12) Lost to follow-up (n=9) Lost to follow-up (n=32)
: é = Not contactable (n=20) s Not contactable (n=11) + Not contactable (n=8) + Not contactable
= 2 | » Declined assessment ¢ Declined assessment * Declined assessment (n=12)
'lg E (n=3) (n=1) (n=1) + Declined assessment
= ¢ | « Discontinued ¢ Discontinued + Discontinued (n=20)
k-] intervention (n=2) intervention (n=0) intervention (n=0) + Discontinued
I I intervention (n=0)
- Lost to follow-up (n=29) Laost to follow-up (n=14) Laost to follow-up (n=13) Lost to follow-up (n=42)
; E = Not contactable (n=24) + Not contactable (n=13) * Not contactable (n=11) + Not contactable (n=22)
7 8 |  Declined assessment ¢ Declined assessment ¢ Declined the ¢ Declined the
5 a (n=3) (n=1) assessment (n=2) assessment (n=20)
E H |  Discontinued + Discontinued + Discontinued + Discontinued
intervention (n=2) intervention (n=0) intervention (n=0) intervention (n=0)
- + Analyzed (n=58) s Analyzed (n=28): * Analyzed (n= 30) * Analyzed (n= 63)
ES * Excluded from ¢ Excluded from * Excluded from * Excluded from
g analysis (n= 0) analysis (n= 0) analysis (n= 1): analysis (n= 1):
- incomplete survey incomplete survey
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Some patientswere randomized to receive the PSW intervention
with or without TxM support but did not receive PSW
interventions for several reasons, including subsegquent
noninterest in receiving visits from PSWs and failure of PSWs
to contact (Figure 1). Some of these participants continued to
receive only TxM support or only TAU but attended follow-up
assessments. Given therelatively small sample size of our study
and the overarching objective of ng the actual effects of
the interventions, we adapted our study analysis plan to simply
assess outcome data with regard to either the TAU or TxM
support-only groups, reflecting the service they actualy
received.

Shalaby et a

Participant Characteristics

In terms of demographic and clinical characteristics (Table 1),
the overall gender balance wasfairly even with 56.9% (103/181)
identifying as female, 27.1% (49/181) in the range of 50-65
years of age, 69.1% (125/181) identifying as White, 55.9%
(100/179) achieved a postsecondary education level, 69.4%
(125/180) are unemployed, 50.8% (84/179) are single, and
50.8% (92/181) were admitted for depression and/or anxiety.

Chi-sguare and ANOVA results indicated that participants in
the four treatment arms did not significantly differ in terms of
soci odemographic and clinical parameters at baseline (x%=2.7
to x%=6.8, P=.08to P=.91; F3,175=0.39-1.60, P=.19 to P=.76).

Table 1. Demographic and clinical characteristics of study participantsin the study arms.

TxMonly, PSWPonly, PSW+TxM, TAUS, Total, Chi-square
Demographic and clinica variables n (%) n (%) n (%) n (%) n (%) (df) P value
Gender 6.8 (3) .08
Male 18 (31) 14 (50) 18 (58.1) 28(43.8) 78(43.1)
Female 40 (69) 14 (50) 13 (41.9) 36(56.2) 103 (56.9)
Age groups (years) 10.9(9) 28
18-30 17(293)  9(32.1) 8(25.9) 14(21.9)  48(26.5)
31-40 9 (15.5) 6 (21.4) 6 (19.4) 19(29.7)  40(22.1)
41-50 11 (19) 10 (35.7) 8(25.8) 15(234)  44(24.3)
50-65 21(36.2) 3(10.7) 9(29.0) 16(25.0) 49 (27.1)
Ethnicity 5.3 (6) 51
Indigenous 5(8.6) 4(14.3) 4(12.9) 12(18.8) 25(13.8)
White 46(79.3)  18(643)  20(64.5) 41(64.1) 125(69.1)
Other 7(12.1) 6 (21.4) 7(22.6) 11(17.2) 31(17.1)
Educational level 4.8 (6) .58
Less than high school 6 (10.3) 7(25) 5(16.1) 11(17.7) 29(16.2)
High school degree or equivalent 19 (32.8) 7(25) 6 (19.4) 18(29.0) 50(27.9)
Above high school education 33 (56.9) 14 (50) 20 (64.5) 33(53.2) 100(55.9)
Employment status 2713 45
Employed 16 (27.6) 7(25) 8(25.8) 24(38.1) 55(30.6)
Unemployed 42 (72.4) 21(75) 23(74.2) 39(619) 125(69.4)
Relationship 5.1(6) .53
Married, common law, or in relationships 11 (19) 11 (39.3) 10(33.3) 16 (25.4) 48(26.8)
Single 30(51.7) 12 (42.9) 12 (40.0) 30(47.6) 84(46.9)
Divorced, separated, or widowed 17 (29.3) 5(17.9) 8(26.7) 17(27.0)  47(26.3)
Admitting diagnosis 6.6 (6) .37
Depression and/or anxiety 27 (46.6) 14 (50) 16 (51.6) 35(54.7) 92(50.8)
Bipolar disorder 21(36.2) 10(35.7) 10 (32.3) 12(188) 53(29.3)
Psychotic disorder 10 (17.2) 4(14.3) 5(16.1) 17(26.6)  36(19.9)

3TXM: supportive text messages.
bpswy: peer support worker.
CTAU: treatment as usual.
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Study Outcome

For the overall sample (with variable N for each time point as
shown in Table 2), ANOVA reveded a statistically significant
difference between- and within-groups for scores of personal
confidence and hope factor at the 3-month follow-up (F3 g9=3.35;
P=.02); willingness to ask for help factor at the 6-month
follow-up (F37¢=3.89; P=.01); and total recovery score at the
6-month follow-up. Tukey post hoc testsreveal ed asignificantly
higher mean of the personal confidence and hope factor at 3
monthsin the PSW+TxM arm than in the TxM-only arm (mean
difference 5.09, 95% Cl 0.41-9.77; P=.03) and TAU arm (mean
difference 5.09, 95% CI 0.38-9.8; P=.03). In addition, a
significantly higher mean for willingness to ask for help was
detected for the PSW+TxM arm than for the TxM-only arm
(mean difference 1.87, 95% CI 0.22-3.51; P=.02). Similarly,
for the total recovery score, the PSW+TxM arm had a
significantly higher mean than the TxM-only condition (mean
difference 11.78, 95% Cl 3.08-20.48; P<.01).
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For patients who completed the RAS (n=65) at all four time
points (Table 3; PSW: n=13; TxM: n=19; PSW+TxM: n=12;
TAU: n=19), we performed repeated measures MANCOVA,
with treatment intervention as the independent variable, RAS
score and subscores as the dependent variables, and baseline
scores as covariates. With sphericity accepted, tests of
within-subject effects indicated that neither time (F 4 4,=1.47,
P=.18; np2=0.24) nor the interaction of time and PSW
(F1047=1.20; P=.31; np2=0.20), time and TxM (F4;=.48,
P=.89; np2=0.09), or timeand PSW+TXM (F 14 4,=1.24; P=.29,
np2=0.21) significantly predicted RAS subscores and total
scores. However, tests of between-subject effectsindicated that
the interaction between PSW and TxM was predictive of
differences in scores on only the goal and success subscale
(F1,63=4.37; P=.04; np2=0.072) and reliance on other subscales

(F163=6.24; P=.02, np2=0.10).
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Table 2. Mean and SD of the Recovery Assessment Scale total score and factor scores by study condition for patients who compl eted assessments at
any of the four time points.

RAS? score and time TxMP only PSWE only PSW+TxM TAUY
Patients, Value, mean Patients, Value, mean Patients, Value, mean Petients, Value, mean
n®  (SD) n%)  (SD) n%)  (SD) n®  (SD)
Per sonal confidence and hope
Baseline (n=179) 58(32.4) 33.4(6.67) 28(156) 345(7.23) 30(16.8) 356(8.69) 63(35.2) 32.1(8.46)
6 weeks (n=117) 37(31.6) 326(591) 22(188) 336(553) 26(22.2) 356(6.26) 32(27.4) 32.0(6.5)
3 months (n=103) 33(32) 311(5.81) 16(155) 324(657) 22(21.4) 3L1(757) 32(311) 3L1(7.57)
6 months (n=83) 29(34.9) 315(6.37) 14(169) 340(5.82) 18(2L7) 359(365) 22(265) 32.3(6.83)
Goal and success
Baseline (n=179) 58(324) 165(2.72) 28(156) 16.7(322) 30(168) 170(312) 63(352) 15.8(3.13)
6 weeks (n=117) 37(316) 156(244) 22(188) 154(30) 26(222) 17.0(243) 32(27.4) 152(3.21)
3 months (n=103) 33(32) 150(3.27) 16(155) 14.9(273) 22(214) 166(248) 32(3L1) 14.8(3.4)
6 months (n=83) 29(34.9) 150(324) 14(169) 156(295 18(2L7) 17.1(24) 22(265) 155(2.7)
Willingnessto ask for help
Baseline (n=179) 58(32.4) 115(254) 28(156) 118(27) 30(16.8) 128(208) 63(35.2) 118(2.85)
6 weeks (n=117) 37(31.6) 112(252) 22(188) 115(1.92) 26(222) 124(165) 32(27.4) 11.8(183)
3 months (n=103) 33(32) 11.3(227) 16(155) 120(216) 22(21.4) 124(208) 32(311) 119(2.74)
6 months (n=83) 29(34.9) 11.0(26) 14(169) 127(168) 18(2L7) 12.8(L79) 22(265) 11.7(L.75)
Reliance on others
Baseline (n=179) 58(32.4) 20.3(3.72) 28(156) 215(329) 30(168) 21.3(271) 63(352) 20.4(3.39)
6 weeks (n=117) 37(316) 19.4(351) 22(188) 20.0(277) 26(222) 207(217) 32(27.4) 19.5(3.65)
3 months (n=103) 33(32) 19.7(288) 16(155) 205(278) 22(214) 21.6(232) 32(3L1) 20.3(3.13)
6 months (n=83) 29(34.9) 195(289 14(169) 21.0(286) 18(2L7) 21.2(271) 22(265) 205(3.23)
No domination by symptoms
Baseline (n=179) 58(32.4) 92(312) 28(156) 9.7(344) 30(16.8) 9.9(3.8) 63(35.2) 9.3(3.36)
6 weeks (n=117) 37(31.6) 95(245  22(188) 9.2(274) 26(222) 101(241) 32(27.4) 9.8(2.92)
3 months (n=103) 33(32) 95(304) 16(155) 9.1(3.2) 22(21.4) 102(292) 32(3L1) 9.2(35)
6 months (n=83) 29(34.9) 93(319) 14(169) 10.7(2.09) 18(2L7) 11.0(217) 22(265) 9.3(3.14)
RAS total
Baseline (n=179) 58(32.4) 90.9(14.16) 28(15.6) 94.2(17.01) 30(16.8) 96.0(175) 63(352) 89.4(17.83)
6 weeks (n=117) 37(316) 882(11.6) 22(18.8) 89.6(1346) 26(22.2) 95.9(12.86) 32(27.4) 88.2(14.09)
3 months (n=103) 33(32) 86.6(12.25) 16(155) 889(13.69) 22(214) 97.0(12.73) 32(3L1) 87.3(17.73)
6 months (n=83) 29(34.9) 86.3(13.88) 14(16.9) 94.1(13.33) 18(2L7) 98.1(8.48) 22(265) 89.3(15.03)
8RAS: Recovery Assessment Scale.
OTxM: supportive text messages.
CPSW: peer support worker.
4TAU: treatment as usual.
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Table 3. Mean and SD of the Recovery Assessment Scale total score and factor scores by study condition for patients who compl eted assessments at

all four time points.

RAS? score and time TxMP only (n=19), PSWC only (n=13), PSW+TXM (n=13), TAU (n=20),
mean (SD) mean (SD) mean (SD) mean (SD)

Per sonal confidence and hope

Baseline 35.00 (6.63) 35.77 (7.50) 34.69 (10.37) 32.1(8.23)

6 weeks 32.32(6.19) 33.08 (5.55) 35.15 (6.31) 32.00 (6.16)

3 months 3232 (5.14) 32.31(7.32) 35.77 (5.34) 31.35(7.37)

6 months 33.11 (6.04) 33.92 (6.05) 35.77 (3.59) 32.30 (6.87)
Goal and success

Basdline 16.47 (2.93) 16.85 (3.41) 16.54 (4.18) 15.8 (2.82)

6 weeks 15.26 (2.81) 14.85 (3.26) 16.85 (2.44) 15,55 (3.33)

3 months 15.32 (3.76) 14.77 (2.77) 16.54 (2.33) 14.70 (3.20)

6 months 15.11 (3.40) 15.62 (3.07) 17.38 (2.47) 15.80 (2.97)
Willingnessto ask for help

Baseline 10.79 (3.46) 12.23(3.35) 13.08 (1.80) 11.4 (3.10)

6 weeks 11.11 (2.71) 11.69 (2.06) 12.92 (1.38) 11.95 (1.93)

3 months 11.21 (2.72) 12.23 (2.24) 12.23(1.92) 11.80 (2.57)

6 months 11.16 (2.65) 12.77 (1.74) 12.92 (1.98) 11.65 (1.76)
Reliance on others

Basdline 20.3 (3.30) 22.08 (3.17) 21.77 (59) 20.25 (3.13)

6 weeks 19.74 (3.35) 20.31 (2.66) 21.15 (1.99) 20.15 (3.18)

3 months 19.42 (3.19) 20.77 (3.00) 21.92 (2.02) 20.55 (2.76)

6 months 19.6 (3.25) 21.8(2.96) 21.85 (1.95) 20.60 (2.74)
No domination by symptoms

Baseline 10.95 (3.26) 10.46 (3.07) 9.38 (3.86) 9.90 (2.73)

6 weeks 9.53 (2.86) 9.23 (2.95) 9.62 (2.36) 10.05 (3.02)

3 months 10.74 (2.54) 9.54 (3.31) 9.62 (2.82) 9.45 (3.38)

6 months 10.47 (3.10) 10.54 (2.07) 11.00 (2.12) 9.45 (3.20)
RAS total

Basdline 93.84 (15.32) 97.38 (16.98) 95.46 (20.20) 89.45 (15.46)

6 weeks 87.95 (12.35) 89.15 (13.74) 95.69 (12.45) 89.70 (14.19)

3 months 89.00 (12.83) 89.62 (15.03) 96.08 (12.05) 87.85 (17.01)

6 months 89.47 (14.59) 93.92 (13.86) 98.92 (8.37) 89.55 (14.45)

8RAS: Recovery Assessment Scale.

OTxM: supportive text messages.
CPSW: peer support worker.
4TAU: treatment as usual.

Discussion

Principal Findings

To our knowledge, thisis the first study to evaluate the effects
of an innovative peer support program that incorporates
supportive text messaging on recovery outcomes in patients
discharged from acute psychiatric care under optimum controlled
observational study conditions. An ongoing RCT in the United

https://formative.jmir.org/2021/9/e27137

RenderX

Kingdom is examining the effects of peer worker support for
patients discharged from acute care in comparison with patients
receiving TAU [26]; however, that study did not include a
supportive eHealth component such as the text messaging
support included in our controlled observational study.

Degspite the relatively small sample size in our study, patients
in the PSW+TxM group had notably higher recovery scores
compared with those receiving either TxM-only or TAU. The
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study measuresthat wereincluded provide potentially important
information regarding the mechanisms of change enacted by
peer support. For example, although the mechanism of change
in peer support is unclear, our results suggest that peer support
may influence personal confidence and hope aswell asenhance
the ability of patients to ask for help.

It is notable in this study that most patients who refused to
complete the follow-up assessment were in the TAU group
(n=20), compared with the other groups (maximum for other
groups=3). This may be explained by alack of interest. When
patients receive no actua intervention, they become less
motivated to provide feedback related to the research under
study. Dropout figureswere the highest among the patientswho
were assigned to the PSW service [27]. Some patients stated
that they preferred to control their path of recovery after hospital
discharge. Others were not suitable candidates for this service
during thisinitial vulnerable postdischarge period, as assessed
by the PSW; many PSW-allocated patients proved hard to reach,
and in such cases, PSW follow-up is usually terminated or at
least significantly interrupted [27].

A recent systematic review explored different interventions,
including peer support, to improve the successful transition for
discharge from acute mental health inpatient care to the
community [28]. In one Australian study, 38 patients achieved
recovery and wellness (particularly clinical and functional
recovery) after receiving peer support for 6-8 weeks, which is
consistent with our results[29]. In another Australian study, 49
patients receiving peer support, as supportive packagesfor 8-12
hours for 1-2 weeks, reported that the intervention solidified
their recovery and improved their self-confidence [30]. In
contrast, in a UK study, in which 23 patients received peer
support for 4 weeks and 23 were in the TAU group, there was
no evidence of a significant difference between the two groups
regarding hopefulness [27]. Unlike the three studies reviewed
in the systematic review [28], our study findings indicate the
relative impact of combined delivery of PSW+TxM compared
with peer support alone, which may explain the discrepancy
noted with the UK study [27].

Other studies have provided peer support to discharged patients
either alone or aongside other interventions, such as
environmental support or brief intervention (eg, interactive
behavior change technology). However, those studies assessed
outcomes other than patient recovery or reported mixed findings
[31,32]. The positive effect of the combined delivery of
PSW+TxM observed in our study included TxM provided to
the patients that were tailored according to their diagnosis.
Previous studies have reported positive benefits of receiving
daily TxM in the context of mental health and addiction. For
example, patients with depression alone or comorbid with
alcohol use disorder reported the effectiveness of texting service
on symptom recovery in terms of better management of
depression and anxiety and perceived better overall mental
well-being [33]. In addition, a longer time to first drink was
reported after receiving TxM for 3 months and was maintai ned
for up to 6 months [11,34]. Multiple advantages have been
reported when using texting servicesin patients with psychotic
disorders, including better medication adherence, improved
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clinical and functional symptoms, effective symptom
monitoring, and high acceptability by end users [35-37].

Studies examining the effect of a supportive texting service for
patients discharged from acute care arerare. A recent systematic
review focusing on web- and mobile phone—based texting in
mental health [38] reported some studies that offered texting
services to patients on hospital or emergency discharge with
different mental health conditions, including acohol use
disorder, bulimia nervosa, and suicide. Each of these studies
reported positive outcomes, including decreased binge drinking,
reduced remission rates, and achieved feasibility and
acceptability by patientswho attempted suicide. In contrast, our
study did not produce more favorable recovery outcomes for
patientswho received only TxM along with TAU. Thiscontrasts
with previous findings that patients with major depressive
disorder who received daily TxM in addition to usual treatment
had significantly fewer depressive symptoms and improved
quality of life compared with TAU [9,10]. It is interesting to
note that those previous RCTs used the Beck Inventory Score
changes at 3 months from baseline as the outcome measure,
while this study assessed recovery outcomes using the RAS.
The fact that patientsin our study received text messages once
daily, whereas patients in two previous RCTs [9,10] received
twice daily text messages may also be related to differencesin
these study outcomes.

A growing body of evidence supports the paradigm of
integration of health care services through multidisciplinary
intervention or support. Thisappearsto haveaparticularly high
potential impact when patients are facing multiple and complex
needsthat can progressto severe formsof mental illness[39,40].

The results of this controlled observational pilot study havethe
potential to signal an important direction for future studies to
incorporate these integration goal s into peer support programs.

Study Limitations

Our study had several important limitations. For instance, only
the RAS recovery outcome measure is reported in this study,
and it is important to examine the effects of peer support and
daily supportive text messaging on multiple outcomes, including
quality of life, symptomatology, and health care use and
functional outcomes, such asemployment [13]. In addition, the
RAS is a self-report outcome questionnaire and is therefore
subject to social desirability and another weaknessin this study.
For future studies, it will be important to maximize adherence
to self-reporting across the time points assessed. This can be
achieved viaincentives linked to completion.

Importantly, high dropout and/or nonservice provision ratesfor
PSW among the study participants undermined theinitial RCT
design, thereby reducing the robustness of the study results.
Consequently, to be able to access the actual impact of the
interventions, we adopted a controlled observational study with
a to-treat analysis rather than the originad RCT plus an
intention-to-treat analysis.

Although this study provided important preliminary information
regarding the outcomes of peer support programs for patients
discharged from acute care, the overall study sample and the
individual group sizeswererelatively small. Small samplesizes
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reduce study power and the sensitivity of studies to detect study and to determine the actual effect size of the various
differences between treatment groups. A multicenter study with  interventions forming a part of this controlled observational
large sample sizes will be needed to validate the results of this  study.
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Abstract

Background: Online support groupsvary widely in both goal s and structures owing to the rapid devel opment of social networking
services. Several studies have shown the potential effectiveness of online support groups, such as reducing psychological distress
(eg, depression) among individual swith mental health problems. However, online support groups often do not aim at effectiveness
regarding distress relief—related outcomes.

Objective: This study aims to examine whether the use frequency of online support group platform functions (U2plus) is
associated with lower stigma and higher consumer activation.

Methods: A total of 350 U2plus users participated in a web-based survey. They were asked what therapy they had received in
the past and how often they logged on to it, used each of its functions, and completed the following questionnaires. the Patient
Health Questionnaire-9, the Deval uation-Discrimination Scale, and the General Help-Seeking Questionnaire.

Results: Regarding the therapy received, 88% (308/350) of participants had taken medication for mental health problems, and
66.6% (233/350) had received psychotherapy or mental health counseling. Regarding use frequency, 21.7% (74/341) of the
participants signed in to U2plus and used its functions more than once a week. The use frequency of U2plus functions was not
correlated with perceived stigma, but the use frequency of some functions was weakly correlated with help-seeking intentions
from formal sources (eg, doctors and psychologists). However, multiple regression analyses revealed that the use frequency of
those functions did not uniquely predict help-seeking intentions.

Conclusions: It was suggested that online support groups may serve as an alternative treatment option for those who are already
undergoing pharmacological treatment and are willing to seek help from whatever source they deem helpful.

(IMIR Form Res 2021;5(9):€21348) doi:10.2196/21348

KEYWORDS
online support group; mental health; depression; stigma; help-seeking

evidence-based treatment to all those who need it; (2) some
people cannot access specialist clinicsand general practitioners
Cogpnitive Behavioral Therapy and the Internet who provi<_je and are proficient in cognitive _behavioral therapy

. i ) (CBT) owing to the distance from the services to where they
Andersson [1] arguesthat it is essential to develop alternatives live; and (3) some people prefer web-based over face-to-face
to face-to-face treatments for three reasons: (1) there &€ N0ty eqments, The first reason may help reduce the stigmarelated
enough experienced clinicians who are able to provide (g mental health problems. The development of internet-based

Introduction
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CBT and the rapid growth of internet access worldwide may
potentially tackle these barriers to receiving psychological
treatment.

After conducting a comprehensive review, Barak et al [2]
classified internet-supported interventions, which are not limited
to CBT, into four categories based on their primary approaches:
(1) web-based interventions, defined as“aprimarily self-guided
intervention program that is executed by means of aprescriptive
online program operated through a website and used by
consumers seeking health- and mental-health-rel ated assistance.”
Barak et al [2] also remarked that web-based interventions
attempt to create positive change or enhance knowledge,
awareness, and understanding by providing sound health-related
material and the use of interactive web-based components; (2)
web-based counseling and therapy; (3) internet-operated
therapeutic software; and (4) other web-based activities.
Specifically, our study attempts to closely investigate online
support groups in the fourth category.

Alternative Effects of Online Support Groups

People with mental illness are often interested in and willing to
form connections with othersthrough social media; specifically,
young adults with mental illness were more likely to express
their personal views through blogging, form friendships via
social media, and connect with people via the web who share
the same interests [3]. In the case of individuals with
schizophrenia, despite having fewer offline relationships and
less internet access, had similar tendencies to form web-based
socia connections with those of adults without mental illness
[4]. Furthermore, online support groups, forums, and chat rooms
were shown to help people to discuss their sensitive mental
health conditions [5] and seek and share information related to
symptoms and medications [6]. Thus, there is a bulk of the
literature showing the predisposition highlighted in thefirst line
of this section, one that could be vital during timeswhen social
distancing is required, for example, the COVID-19 pandemic
has brought upon such requirements and currently persists
worldwide.

After thisinitial phase of social networking development and
group establishment (ie, people getting in touch with othersand
entering groups), online support groups can take on different
forms. First, they have different functions; they can provide
emotional, informational, and instrumental support or even (and
often) a combination of al three. In particular, support groups
(online) may decrease isolation, increase health information
sharing, and provide role modeling [ 7]. Second, online support
groups can have different means of access; they may be closed,
open only by invitation, or even open for al. In addition, their
member structureis often not fixed, so members may come and
go, and many (often most) are not active; instead, they are often
rather passive observers of the online discussions. Third, groups
can be either self-guided by facilitators or have professionals
who monitor the discussions.

Some studies have analyzed the benefits of online support
groups in depth; one remarks that writing about one's feelings
and experiences associated with life challenges decreasesone's
negative emotions, writing about neutral events has no such
effect, and sharing on€'s bad feelings with others has a

https://formative.jmir.org/2021/9/e21348
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tremendous relieving effect [8]. Thus, group participants may
feel better when they can share their difficult emotions with
otherswho are availableto listen and show their understanding.
A study conducted in a Scandinavian breast cancer online
support group comprising 15 women showed that by sharing
their personal storieswith othersin the group, participantswere
actively portraying their life storiesand identities [9]. Similarly,
a study conducted in another online support group for breast
cancer patients examined the level of expression of negative
emotions, showing that the possibility of conveying one's
negative feelings was imperative to ensure improvements in
participants’ well-being and quality of life [10].

However, the effectiveness of online support group outcomes
(eg, improvements in people’'s mental health) remains largely
unknown. One systematic review aimed to examine the
effectiveness of online peer-to-peer support for young people
with mental health problems; it identified six relevant studies
to be reviewed: 3 randomized controlled trials, 2 pre-post
studies, and one randomized trial [11]. These targeted studies
examined various mental health—related issues, including
depression and anxiety, general psychological problems, eating
disorders, and substance use (ie, tobacco). Overall, two of the
four randomized controlled trials yielded a positive effect for
the peer-support group relative to the comparison group at
postintervention: one targeting anxiety and the other targeting
tobacco. The other two studies showed no evidence that a
peer-to-peer support group was effective for eating disorders
or depressive symptoms. Moreover, internet support groupsare
not risk-free; some of the risks are (1) hurtful comments could
be posted, which could worsen the depression symptoms of
those who read them or even encourage negative behaviors (eg,
suicide attempts); (2) people could post inaccurate information;
and (3) anecdotal persona stories about treatment may
discourage or delay others from seeking treatment [12].

Importantly, online support groups do not always aim at
effectiveness regarding distress relief outcomes [1]. Rather,
they aim to promote emotional relief and an elevated sense of
control. First, online support groups may challenge stigma. For
example, online communities may serve as powerful venues
where individuals with mental illness can challenge stigma
through personal empowerment and increased hope [13].
Moreover, young adults with mental illness report that one of
the primary reasons for connecting with others via the web is
to feel less aone [14], because popular social media allows
them to feel connected while providing a sense of relief from
knowing that others share similar experiences and challenges
[5]. Second, online support groups may increase consumer
activation, which refers to the degree to which the individual
understandsthat they must play an activerolein managing their
own health and health care, and the extent to which they feel
able to fulfill that role [15]. For instance, learning from peers
through web-based networks may help individual s with mental
illnessrealize that they can make their own health care decisions
[1]. In addition, previous studies have shown that when someone
learns about other people’s personal experiences about facing
an illness, they feel more confident in and empowered to make
their own health care decisions [16]. In light of these
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delineations, we aimed to test these perspectives on the functions
of online support groups.

Study Setting

Owing to the rapid devel opment of socia networking services,
online support groups take on different forms[1]. In particular,
U2plus [17] is an online support group in which 23,864 users
were registered (as of November 2019). It was developed to
provideindividua swith depression with structured peer-to-peer
support while engaging in simple CBT exercises. Moreover,
the name of the group has a phonetic trick to it, in that the
pronunciation of U2 in English is close to that of the Japanese
word Utsu, which means depression, and theterm plusis meant
to suggest that someone elseis there for you.

After signing up, the users gain access to the psychoeducation
page, from which they can learn what depression is and what
keeps depression going. By applying the information that they
have learned from this page, users should be able to develop a

Figure 1. Screenshot of the U2Cycle function.
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simple formulation based on a cognitive model for depression
on the U2Cycle page (Figure 1). On the F2Friend page, users
can present their username, sex, age group, subjective level of
recovery, a brief story of their depression (eg, how they
developed depression, how they have been affected, and what
they want to do when they recover), and messagesto other users.
These messages can be viewed by other users, and they can also
respond to the messages by clicking the Like button. This
resource was included because previous studies suggest that
reading other people’s stories leads people to feel better
informed and less anxious [18,19]. Furthermore, users can
engagein simple CBT techniques. On the FunCan page (Figure
2), users can post whatever they have achieved and enjoyed in
their everyday life [20], to which other users can respond by
clicking the Like, Great, Interesting, and Want-to-do buttons
when they view this activity. On the Column page, users can
post a 5-column thought record, to which other users can
respond to by clicking the Empathy button when they view it.
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Figure 2. Screenshot of the FunCan function.
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Study Aim
This study aimsto examine whether the use frequency of these

U2plusfunctionsisassociated with decreased stigma, increased
consumer activation, and depression levels.

Methods

Overview of the Survey

This section reports the nature of this web-based survey in
accordance with the Checklist for Reporting Results of Internet
E-Surveys[21]. The study was approved by the ethics committee
of the International University of Health and Welfare (reference
number 19-1g-46). The web-based survey was developed using
Google Forms and was tested before fielding the questionnaire.
In November 2019, 23,864 usersregistered in U2plus[17] were
contacted by email and asked to voluntarily participate in a
web-based survey by the end of that month (ie, before the
COVID-19 outbreak). Participants assessed the survey and read
the study information sheet before taking part. The survey had
three screens, including the study information page, and the
participants were able to review and change their answers
through the back button. No incentives were offered to

https://formative.jmir.org/2021/9/e21348

RenderX

participants. No adaptations were made to the questionnaire,
and the itemswere not randomi zed. Participants’ email addresses
were collected to allow for duplicate entries from the same user
to be found, but their | P addresses were not checked.

Participants

In total, we had 350 participants (350/23,864, response rate
1.46%) willing to participate, including 219 women, 118 men,
and 13 who did not disclose their gender, with a mean age of
38.36 (SD 10.095) years. Regarding the therapy they received,
88.0% (308/350) had been on medication for mental health
problems and 66.6% (233/350) had received psychotherapy or
mental health counseling.

M easures

Overview

In addition to the standardized measures mentioned later,
participants were asked about how long they had been using
U2plus, to which they responded by choosing one of the five
options: (1) less than 1 month, (2) 1 month to 6 months, (3) 6
months to 1 year, (4) 1 year to 3 years, and (5) over 3 years.
Then they were asked how often they used each function of
U2plus(ie, signing in, reacting to other users’ activities, reading
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U2Friend [other users' profile and story], U2Cycle, FunCan,
and Column), to which they responded by choosing 1 of 5
options: (1) never, (2) once a year, (3) once a month, (4) once
aweek, (5) afew times aweek, and (6) almost every day.

Patient Health Questionnaire-9

Patient Health Questionnaire-9 (PHQ-9) [22] was used to
measure participants’ general well-being. We used the Japanese
version [23]. It is a 9-item self-reported questionnaire that was
originaly developed to measure depressive symptoms. Items
are scored on a 4-point scale (0O=not at all to 3=nearly every
day), with total scoresranging from 0 to 27. The questions are
based on the Diagnostic and Satistical Manual of Mental
Disorders, Fourth Edition criteria, so it can provide both a
diagnosis of depression and a measurement of its severity [23].
Theinternal consistency of the scale ranged from 0.86 to 0.89
inthe original study [22].

Discrimination-Devaluation Scale

The Discrimination-Devaluation (D-D) scale [24] was used to
measure participants public stigma. We used the Japanese
version [25]. It asks people how much they agree with 12
statements that begin with “Most people believe [...],” “Most
peoplethink [...],” or “Most people would [...],” which are then
followed by arelevant stereotype, an example of discrimination,
or the opposite (ie, an accepting view or behavior). For this
study, we modified the original D-D scale; initsoriginal form,
it refersto a“ patient with mental health problems,” a “former
patient with mental health problems,” or a person “who has
been hospitalized for mental illness.” However, our adapted
version referred to “a person who has received mental health
treatment,” mainly because our objective was to measure
perceived stigma toward a broader concept of mental health
treatment, rather than stigmatoward institutionalized treatment
for severe menta illness. Items are scored on a 6-point
Likert-type scale (O=strongly disagreeto 5=strongly agree). As
in the original, we constructed an index of perceived stigma by
coding each response as 0, 1, 2, 3, 4, or 5, with higher numbers
indicating higher perceived stigma. We then cal cul ated the total
score of the 12 items for each individual.

General Help-Seeking Questionnaire

The General Help-Seeking Questionnaire (GHSQ) [26] was
used to measure participants future help-seeking intentions.
The construct was measured by listing a number of potential
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help sources (ie, often used by people to help them deal with
emotional and personal problems) and asking participants to
indicate the likelihood of them seeking help from each source.
Items are scored on a 7-point scale (1=extremely unlikely to
seek helpto 7=extremely likely to seek help). We then calculated
their averages and divided them into two classifications: Formal
Sources, computed by averaging the ratings for physicians,
mental health professionals, and online counseling services,
and Informal Sources, computed by averaging the ratings for
partner, friends, and family.

Data Analysis

We first calculated the frequency distributions of how long the
participants had used U2plus and how often they used each
U2plusfunction. After computing the means and SDs of PHQ-9,
D-D scale, help-seeking intentions from formal sources, and
help-seeking intentions from informal sources, we performed
bilateral correlation analyses between these scales and the use
frequency of U2plus functions. Subsequently, multiple
regression analyses were conducted to test if the frequency use
of each U2plus function uniquely predicted the D-D scale and
GHSQ. All gtatistical analyseswere performed using IBM SPSS
Statistics 24.0. Two-sided analysiswas adopted, and P<.05was
considered as statistically significant.

Results

Use Frequency for the U2plus Platform and for Each
Function

Theratios of usefrequency for the U2plus platform were: 10.3%
(36/350) for lessthan 1 month, 10.9% (38/350) for 1 month to
6 months, 16.9% (59/350) for 6 months to 1 year, 33.4%
(117/350) for 1 year to 3 years, and 28.6% (100/350) for over
3years.

Table 1 summarizes the frequencies with which they used each
function in the platform. The results suggested that 9.1%
(31/341) of the participants signed in to U2plus almost every
day, 5.9% (20/341) signed in more than once aweek, and 6.7%
(23/341) signed in once a week. Thus, approximately 21.7%
(74/341) of the participants used U2plus once aweek or more.
On the other hand, almost half of the sample used U2plus only
once a year. Similar trends were observed in some U2plus
functions such as Reaction and FunCan, but participants used
other functions less frequently, such as U2Cycle and Column.
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Table 1. Participants’ use frequency for each of the U2plus functions.

Kobori & Yoshinaga

Use frequency Participant, n (%)

Never Once ayear Once amonth Once aweek A few timesaweek  Almost every day
Signingin (n=341) 26 (7.6) 146 (42.8) 95 (27.9) 23(6.7) 20 (5.9) 31(9.1)
Reaction® (n=334) 134 (40.1) 62 (18.6) 69 (20.7) 23(6.9) 21(6.3) 25(7.5)
U2Friend® (n=334) 118 (35.3) 99 (29.6) 72 (21.6) 15 (4.5) 21(6.3) 9(2.7)
U2Cyde® (n=333) 177 (63.2) 83 (24.9) 59 (17.7) 11 (3.3) 2(0.6) 1(0.3)
FunCan® (n=335) 130(38.8) 67 (20) 72(21.5) 23(6.9) 20 (6) 23(6.9)
Column® (n=336) 177 (532) 83(24.9) 59 (17.7) 11(3.3) 2(0.6) 1(0.3)

8Reacting to other users’ activities.

bRemmg other users’ profiles and stories.

€A cognitive behavioral therapy exercise through which users can develop a simple formulation.

da cognitive behavioral therapy exercise through which users can post what they had achieved or enjoyed.
€A cognitive behavioral therapy exercise through which participants can write a 5-column thought record.

relationships with the different scales, PHQ-9 was weakly and
positively correlated with the use of the U2Cycle (P=.02) and

Relationships Between U2plus Function Use

Frequencies, Depression, Stigma, and Help-Seeking

Behavior

Table 2 presents the means and SDs of participants’ scores on
each scale and their correlationswith participants' use frequency
for each function of the U2plus platform. Regarding the

Column (P=.003) functions. The Formal Sources variable of
the GHSQ was weakly correlated with the use of signing in
(P=.04) and FunCan (P=.04) functions. Finally, Table 3 presents
the results of multiple regression analyses, which revealed that
no use of the U2plusfunction uniquely predicted the D-D scale

or GHSQ.

Table 2. Mean (SD) and correlations to the frequency of participants activity.

Values and U2plus functions Values, mean (SD) Correlation factor

Signingin  Reaction®  U2Friend® FunCan® Columnd U2Cycle®
PHO-of 12.38 (6.95) 0.048 0.072 0.099 0.046 0.1619 0.125"
D-D' scale 48.97 (10.42) 0.001 -0.015 -0.018 —0.005 0.027 0.042
GHSO-formal¥ 453 (1.27) 0110 0.103 0.063 0111 0.037 0.049
GHSO-informa™ 3.72(1.33) -0.032 0,036 0011 -0.02 ~0.045 -0.048

8Reacting to other users’ activities.

bReading other users’ profiles and stories.
CA cognitive behavioral therapy exercise through which users can post what they had achieved or enjoyed.
da cognitive behavioral therapy exercise through which participants can write a 5-column thought record.

€A cognitive behavioral therapy exercise through which users can develop a simple formulation.

'PHQ-9: Patient Health Questionnaire-9.

9P=.003.
hp=.02.
'D-D: Discrimination-Deval uation.

jGHSQ: General Help-Seeking Questionnaire.
I‘Help-s:eeki ng intentions from formal sources.

'P=.04.
MHelp-seeking intentions from informal

https://formative.jmir.org/2021/9/e21348
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Table 3. Multiple regression analyses of stigma and hel p-seeking predicted by frequency use of the U2plus functions.

Dependent variable D-D scale? GHSQ -formal® GHSQ-informal®
B B t test (df) B B ttest(df B B t test (df)

Signing in 0015  .002  0.015(321) 0.084 091 0671 (321) 0073 -076 -0.556(321)
Reaction® 0617 092  0556(321) 0.072 087 0,530 (321) 0141 163 0987 (321)
U2Friend 0.135 .014 0.126 (321) -0.108 —-089 -0.827(321) -0.031 —-024 0.223 (321)
FunCan? 0.787 .072 0.721 (321) 0.038 .028 0.285(321) -0.04 —038 —0.384 (321)
Column! -0.783 -119 -0.674 (321) 0.013 .016  0.089 (321) -0.127 —150 —0.848 (321)
U2Cydlé 0313 -04  -0391(321) —0.046 _048 -0472(321) 0087 086  0.849(321)

8D-D: Discrimination-Devaluation.

bGHSQ: Genera Help-Seeking Questionnaire.
CHelp-seeking intentions from formal sources.
dHelp—seeki ng intentions from informal sources.
®Reacting to other users’ activities.

fReading other users’ profiles and stories.

9A cognitive behavioral therapy exercise through which users can post what they had achieved or enjoyed.
ha cognitive behavioral therapy exercise through which participants could write a 5-column thought record.
'A cognitive behavioral therapy exercise through which users can develop asimple formulation.

Discussion

Principal Findings

Regarding the relationships between UZ2plus function use
frequency, stigma, and help-seeking behavior, our results
highlighted mixed outcomes: the D-D scale and help-seeking
intention from informal sources were not associated with any
use frequency of U2plus functions. The use frequency of the
signing in and FunCan functions was correlated only with
help-seeking intentions from formal sources. However, these
use frequencies did not predict help-seeking intentions from
formal sources in the multiple regression analysis.

We also analyzed participants’ demographic characteristics to
better understand the persona characteristics of the average
user of the U2plus platform, namely, those who use online
support groups for depression. Participants average score in
PHQ-9 was 12.38, suggesting that those who use the platform
may be moderately depressed. M oreover, almost 88% (308/350)
of the participants had been medicated for their mental health
problems, suggesting that most users may be looking for
something other than (or in addition to) pharmacological
interventionsto help them deal with their mental health issues.
About 21.7% (74/341) of the participants signed in and used
FunCan and Reaction more than once a week. This suggests
that some users use U2plus on a regular basis, and they use
simpler functions such as posting whatever they have achieved
and enjoyed over the past few days, and responding to those
posts, than other functions such as U2Cycle and Column, which
may require more time and effort. In addition, depression
measured by PHQ-9 was positively associated with the
frequency use of Column and U2Cycle. Thus, for other users,
the U2plus platform may be more of an on-demand service (ie,
they use it whenever they need or feel likeit).

https://formative.jmir.org/2021/9/e21348

Comparison With Prior Work

Our results showed that stigma was not associated with any of
the functions of the U2plus platform. This suggeststhat U2plus
users may feel normalized when they discover that many people
have depression, as well as when they share their experiences,
however, they are constrained by the limitations imposed by
the platform; for example, they can only react to other users
posts by clicking the Like button, to prevent users from writing
negative comments to each other. This is in line with two
studies: one showing that loneliness and socia support did not
change by using internet support groupsfor depression[27] and
another showing that, among participants who used internet
depression support groups, social support scoresdid not change
during follow-up [28], athough neither of these studiesdirectly
measured stigma, but loneliness and social support, which may
affect stigma. However, they found that seeking emotional
support was the most popular reason for using an internet
support group [28].

Our results also showed that the use frequency of the signing
in and FunCan functions of the U2plus platform were associated
with (but did not uniquely predict) hel p-seeking intentionsfrom
formal sources. These results may not fully support a notion
proposed by previous study, that is, when going to a medical
visit, having to undergo hospitalization, or learning about others
experiences may help individualsto feel more at ease with the
situation and have a better understanding of what questions
need to be asked and what to expect [1]. Many people tend to
seek health information or alternative treatment options on
web-based platforms after feeling dissatisfied or in clear
disagreement with the advice put forth by a physician during a
medical visit [29]. Confirming this statement and highlighting
the positive aspects of online support groups, a study showed
that peer-facilitated approaches may beimportant strategiesfor
improving the quality of health care encounters, as these

JMIR Form Res 2021 | vol. 5 | iss. 9 [€21348 | p.53
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

approaches help patients to find better ways to communicate
with physicians, better navigate in unfamiliar heath care
environments, and take an active role during primary carevisits
[30].

Limitations and Future Directions

First, we asked all users of U2plus for their participation; this
meansthat our participants might have had various mental health
problems, not only depression. Owing to the low response rate,
the sample may not have been representative of the users
registered to the program in terms of basic demographic
information. Thus, future studies need to recruit individuals
with a specific mental health problem and establish their
diagnosis by conducting structured clinical interviews. Second,
werelied on participants’ self-reports about how often they used
each U2plus function; thus, future studies are warranted to
measure these frequencies in more objective ways, as we were
not allowed to track users' operation histories. Third, we used
a cross-sectional design; thus, future studies need to use a
longitudinal design and examine how these variables fluctuate
with time as participants use these online support groups.

Fourth, wetested the effects of an online support group on only
stigma and help-seeking intentions; therefore, future studies

Acknowledgments
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should examine other variables, such as sense of control,
self-confidence, sense of independence, and social interaction
[2]. Finally, participants were limited to those who had a good
understanding of the Japanese language, and the U2plus platform
was not what most would call a typical online support group
regarding user interactions, as userswere ableto engagein some
simple CBT exercises. Yet, although thisisalimitation, it also
raises research questions regarding what kind of online support
group would be suitable for specific types of mental health
problems.

Conclusions

Our findings revealed that most of the U2plus users were
receiving pharmacological treatment and used U2plus as an
alternative treatment option, with approximately 21.7% (74/341)
of them signed in to it on aregular basis. In addition, the use
frequency of some functions was correlated with help-seeking
intentions from formal sources. Future studies need to more
closely investigate how online support groups can help mental
health stakehol ders, including those who are on medication but
unable to fully recover, those who are on the waiting list for
evidence-based psychological treatment, and those who try to
prevent relapse after recovery.
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Abstract

Background: Thelifelong management of hemophiliais demanding and complex. In July 2019, we published areview in the
Journal of Medical Internet Research, summarizing telehealth interventions that facilitate monitoring of bleeding events and
promoting the appropriate use of clotting factors among patients with hemophilia. This work has led to the development of a
community program that aims to harness technology to promote self-management among patients with hemophilia in Hong
Kong.

Objective: Before the inception of this program, we conducted a cross-sectional survey to evaluate the patients’ level of
technology acceptance and identify their expectations of the use of mobile technology for self-management of hemophilia.

Methods: In total, 56 participants (75% adult patients and 25% parents of pediatric patients; 87.5% with moderate to severe
disease) wererecruited from alocal nongovernmental organization that serves patientswith hemophilia. They rated their perceived
confidence and acceptance in using the new mobile technology (score 1 to 5 for each item, with a higher score indicating better
acceptance) using a structured questionnaire (adapted from the Technology Acceptance Model). They aso identified the top
features that they perceived to be the most important components of a mobile app for the self-management of hemophilia. The
Mann—Whitney U test was used to compare technol ogy acceptance scores across subgroups of different clinical and socioeconomic
characteristics.

Results: In general, the participants considered themselves skilled in using mobile apps (mean 4.3, 95% CI 4.1-4.5). They were
willing to learn to use the new mobile app to organize their bleeding records (mean 4.0, 95% CI 3.7-4.3) and to manage their
health (mean 4.2, 95% CI 4.1-4.5). Participants who lived in public housing (a surrogate marker for lower socioeconomic status
in Hong Kong) reported lower technology acceptance than those who lived in private housing (P=.04). The most important
features identified by the participants concerned documenting of infusion logs (n=49, 87.5%), bleeding events (n=48, 85.7%),
and the secure delivery of the bleeding information to health care professionals (n=40, 71.4%).

Conclusions: It isencouraging to infer that patients with hemophilia in Hong Kong are receptive to the use of mobile health
technology. The findings of this survey are applicable in designing the key features of a patient-centered, multimodal program
harnessing mobile technology to promote self-management among patients with hemophilia. Future studies should evaluate
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participants acceptability and perceived usability of the mobile app via user metrics and assess clinical and humanistic outcomes

of this program.

(IMIR Form Res 2021;5(9):€27985) doi:10.2196/27985
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Introduction

Hemophiliais a rare X-linked recessive hemorrhagic disorder
that affects mostly men. Hemophilia A and B are caused by
deficiencies of coagulation factors VIII and X, respectively
[1]. One common severe complication of thiscongenital disorder
is spontaneous and repetitive bleeding, particularly in the
synovia joints [1]. Poor management can eventually lead to
permanent joint deformity and chronic hemarthropathy, asevere
type of arthritis caused by bleeding into the joints. In addition
to impaired physical functioning, patients may show reduced
psychosocial functioning and occupational outcomes owing to
frequent hospitalization and absenteeism from work or school

[2].

Currently, coagulation factor replacement therapy is the most
common and effective treatment for hemophilia [3]. Patients
with moderate to severe hemophilia undergo regular infusion
of plasma-derived or recombinant coagulation factorsto prevent
spontaneous bleeding. In addition, coagulation factor
replacement therapy may be administrated in the event of
break-through bleeding. The introduction of home infusion
therapy has also empowered patients and their families to
manage the disease in a more independent manner. However,
significant barriers and perceived limitations have led to alack
of adherence to treatment among patients. Patients with a poor
perception of the consequences of their illness and of the
necessity of treatment may reduce their adherence to
prophylactic infusions [4]. Individuals with lifelong chronic
conditions may present with anxiety and stress, particularly
those with hemophilia, who must acquire considerable
knowledge and independent management skills at ayoung age

(5].

To address the needs of patients with hemophilia, platforms
that involve varioustypes of technology have been implemented
to promote heal th education and good protective health behavior
[6]. In July 2019, we published a review in the Journal of
Medical Internet Research to summarize the literature on the
effectiveness of telehealth interventions in improving health
outcomesin patientswith hemophilia[7]. Thisreview included
16 trials and observational studies and showed that mobile
technology seemed to improve patients’ adherence and accuracy
in recording infusion logs and bleeding events. Studies on the
provision of disease-related information and practical skills
regarding the management of hemophilia yielded promising
outcomes, especially among adolescent and young adult patients
[7]. Patients generally reported improvements in self-efficacy
in managing hemophilia after the implementation of telehealth
technology, but the sustainability of the intervention depends
largely on its usability and the patients' receptivity.

https://formative.jmir.org/2021/9/e27985

Emerging studies in the literature are demonstrating the
importance of understanding factors that affect the acceptance
of health care technology, especialy in patients with chronic
diseases[8-12]. The concept of technology acceptance broadly
refers to perceived usefulness or user satisfaction with a
technology and often encompasses other constructs such as
system usability, user feedback, perceived ease of use, attitude
toward using, intention to use, and actual usage [8]. Studies
have shown that affordability and accessibility are important
factors influencing technology acceptance and uptake [9-12].
One Chinese study reported that individual s who were younger
and had higher education attainment, higher income, and better
family support were morelikely to useasmartphone[11]. Other
behavioral factors such as technology anxiety, resistance to
change, and a lack of trust in the use of devices for
self-management are associated with resistance with using
mobile health apps among patients with diabetes [12]. It is
important to identify these barriers during the preimplementation
phase so that users' acceptance and adoption of mobile health
technology can be enhanced to maximize the success of the
intervention or program.

Approximately 200 patientsin Hong Kong currently have mild
to severe hemophilia [13,14]. Since January 2020, a team of
patient advocates, clinicians, and academic researchers has
obtained sponsorship from a local philanthropic organization
to establish acommunity program for patients with hemophilia
in Hong Kong. One goal of this program is to harness mobile
technology to (1) promote adherence to prophylactic infusion
and recording of bleeding events, (2) facilitate timely sharing
of self-documented information with clinicians to formulate or
modify the treatment plans, (3) promote knowledge about
self-management (eg, infusion techniques), and (4) improve
social interaction in the patient community.

Before the inception of this program, we conducted a
cross-sectional survey to evaluate the patients level of
technology acceptance and identify their expectationsregarding
the use of mobile technology for self-management of
hemophilia.

Methods

Between June and December 2019, participants were recruited
using consecutive sampling through the Hong Kong Hemaophilia
Society, the only active nongovernmental organizationin Hong
Kong that provides services to patients with hemophilia. All
participants had received adiagnosis of hemophiliaA or B from
a hematologist and were able to read Chinese or English. The
pediatric patient (<18 years of age) surveyswere completed by
their parents. The Chinese University of Hong Kong Survey
and Behavioral Research Ethics Committee approved this study
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before its inception (Ref SBRE-18-052), and written consent
was obtained from all participants.

The participants completed a structured questionnaire that
comprised 3 sections. Thefirst section collected the participant’s
demographic and socioeconomic information, and the second
section eval uated his'her level of technol ogy acceptance. Eleven
guestions were developed on the basis of the Technology
Acceptance Model, one of the most widely applied models to
describe consumer acceptability of information technology [15].
The model posits that perceived usefulness and perceived ease
of use are important factors determining whether a newly
introduced technology would be accepted by its potential users
[8,15]. The participants rated their perceived confidence and
acceptance in using the new mobile technology on a 5-point
Likert scale (1=strongly disagree, 5=strongly agree). The score
for each item was summed to yield atotal score ranging 11-55,
with a higher score indicating better acceptance of the
technology. In the last section, the participants were asked to
identify thetop 6 features (from alist of 10) that they perceived
to be the most important components of a mobile app for
self-management of hemophilia. These arethe 10 most common
features according to a review of the existing literature on the
use of mobile technology among patients with hemophilia
[6,7,16-18]. The participants had the option to provide additional
factors and justifications. The questionnaire was developed in

https://formative.jmir.org/2021/9/e27985
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traditional Chinese and was piloted with 5 patients. The
guestionnaire was disseminated in both paper-based and
electronic formats. Self-administration of the questionnaire
required approximately 10 minutes.

Descriptive statistics were used to summarize the data. The
Mann—-Whitney U test was used to identify differences in the
technol ogy acceptance score observed across clinically relevant
subgroups: disease severity (mild to moderate versus severe),
treatment type (prophylaxis versus on-demand therapy), housing
type (public versus private housing, which isasurrogate marker
for low versus high socioeconomic status, respectively, in Hong
Kong), and highest educational attainment (for adult patients
only). An exploratory analysis was conducted to evaluate the
reliability (Cronbach o) of the scale. All statistical analyses
were performed using SAS (version 9.4, The SAS | nstitute) and
the tests were 2-tail ed.

Results

Intotal, 56 participants completed the study (Table 1) (response
rate=100%). Their average age was 37.2 (SD 14.5) years for
adult patients (n=42, 75%) and 10.0 (SD 2.8) yearsfor pediatric
patients (n=14, 25%). Most of the patients (n=42, 81%) had a
diagnosis of hemophilia A with a moderate to severe condition
(n=49, 88%). Approximately half of the cohort (n=26, 46%)
lived in public housing.
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Table 1. Demographic and clinical characteristics of respondents (N=56).

Characteristics Patients (n=56) Parents who completed the survey on
behalf of pediatric patients (n=14)
n (%) mean (SD) n (%) mean (SD)
Age (years) _a 30.4 (17.4) — 41.5 (6.6)
Adult patients 42 (75.0) 37.2(14.5)
Pediatric patients 14 (25.0) 10.0 (2.8)

Highest education attainment — —
Secondary and below 30(53.6) 10 (71.4)
Post-secondary and above 26 (46.4) 4 (28.6)

Types of housing — — —

Public 26 (46.4)
Private 23 (41.1)
Others 7(12.5)
Diagnosis — — —
Hemophilia A 42 (75.0)
HemophiliaB 10 (17.8)
Did not indicate/not sure 4(7.2)

Treatment type — — —

Prophylaxis 38 (67.8)
On-demand therapy 17 (30.4)
Did not indicate/not sure 1(1.8)

Disease severity — — —

Mild 4(7.2)

Moderate 16 (28.6)

Severe 33(58.9)

Did not indicate/not sure 3(.3)
&__: not applicable.

The mean technology acceptance score was 42.3 (95% ClI 4.0, 95% ClI 3.7-4.3) and to managetheir health (mean 4.2, 95%
40.1-44.4; range 27.0-55.0). In general, the participants Cl 4.1-4.5). Cronbach a values of the scale were .89, .90, and
considered themselves skilled in using mobile apps (mean 4.3, .87 for the overall cohort, adult patients, and parents of pediatric
95% Cl 4.1-4.5; Figure 1). They were willing to learn to use  patients, respectively, which indicate high internal consistency.
the new mobile app to organize their bleeding records (mean
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Figure 1. Participants' level of technology acceptance and confidence in using mobile technology (n=56). Questions were developed on the basis of
the Technology Acceptance Model [15]. The participants reported their perceived confidence and acceptance in using the new maobile technology on a
5-point Likert scale (1=strongly disagree, 5=strongly agree). A higher score is indicative of better acceptance of the technology. Error bars represent

the 95% CI values.

Item

The new mobile app will help me manage my health

The new mobile app will help me organize my bleeding records

The new mobile app will help me manage my treatment/infusion records

1 usnally find it easy to operate mobile apps

Learning how to use a new mobile app is an easy task for me

The other patients/ caregivers I know are currently nsing mobile apps to manage their health

Using this new mobile app may change the current way of managing my health

1 am not worried about privacy and leaking of my personal health data

I donot find it cumbersome to operate new mobile apps

I am willing to spend time on leaming how to navigate this new mobile app

Tam willing to use a mobile app to manage my health if such an app is available in Hong Kong

Participants who lived in public housing (mean 39.9, 95% ClI
37.1-42.9) reported lower technology acceptance than those
who lived in private housing (mean 44.4, 95% CI 41.3-47.3,
P=.04). No significant association was identified between the
technology acceptance level and disease severity (P=.17),
treatment type (P=.91), or education level (P=.75, adult patients

only).

Score

1.5 20 25 30 235 1.0 4.5 50
SR TY mean=3.8. 95% CI=3.6 —4.2
T mean=4.0. 95% CI=3.7 —4.3
—— mean=3.9, 95% CI=3.6 - 4.2
—— mean=4.3, 95% CIl=4.1 —4.5
—e— mean=4.2, 95% CI=3.9-4.5
e mean=2.9. 95% CI=2.6 —3.3
—— mean=3.7, 95% CI=3.4 —4.1
c e mean=3.8. 95% CI=3.5 —4.2
—— mean=3.8. 95% CI=3.5 — 4.1
—— mean=3.8, 95% CI=3.5 —-4.1
g1l mean=3.9, 95% CI[=3.5 —4.3

The most important features identified by the participants
concerned documenting of infusion logs (n=49, 88%), bleeding
events (n=48, 86%), and secure delivery of the bleeding
information to health care professionals (=40, 71%; Figure 2).
One participant proposed health care appointment remindersto
be considered as an additional feature as he struggled with
“remembering his scheduled appointmentswith the hematol ogy,
physiotherapy, and orthopedics specialists.”

Figure 2. Participants preferred features of the mobile technology (n=56). Participants were asked to identify the top 6 features (from alist of 10) that
they perceived to be the most important components of a mobile app for self-management of hemophilia. These features were selected on the basis of

areview of the existing literature [6,7,16-18].
Proposed features of the mobile app
Infusion logs
Record bleeding events
Secure delivery of bleeding records to clinicians
Infusion reminders and alerts
Provide updated health information
Order medications from pharmacy
Functions to ensure data privacy
Social interaction with other patients
Discussion forum or chat function

Upload and store pictures of bleeding events
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Discussion

Principal Findings

This survey aimed to learn about patients and parents
perceptions of adopting mobile technology as an approach to
manage hemophilia. We found that a large majority of our
prospective users were skilled in using mobile apps. They also
expressed confidence and support in learning how to use the
new health apps. Participants who lived in public housing
demonstrated lower acceptance and perception to the mobile
technology compared to those who lived in private housing,
concurrent with previousfindings[8-12], which haveidentified
lower socioeconomic status as a barrier to the acceptance and
adoption of mobile health technology. These subgroups of users
may require more preintervention training and regular personal
contact during the implementation phase.

We applied the findings of this survey and the literature to
designthe key features of a patient-centered program harnessing
mobile technology. The mobile app will be developed in
traditional Chinese, the most common written languagein Hong
Kong. Thefirstimplementation phase will focus on development
and promotion of the “documentation” features (ie, recording
bleeding events, infusion logs, and infusion reminders). The
patients and caregivers will first familiarize themselves with
these primary features before expanding to secondary features
that include socia interaction and education functions. This
staggered or waved rollout approach will allow us to identify
any problems or windows of opportunity that would facilitate
subsequent implementation. Considering that a telehealth
intervention should not be administered aone [7,17,18], we
will adopt multimodal componentsto complement thetelehealth
technology. These componentsinclude preintervention training
via in-house workshops to enhance the users’' proficiency and
engaging patient advocates to champion this intervention. A
peer-mentorship program will complement the multimedia
educational platforms to enhance knowledge transfer and
information utilization. To aleviate the participants concerns
about privacy and data security, we will implement
authentication systems and encryption to protect the patients
electronic healthinformation. The development and maintenance
of the maobile app will be hosted by the information technology
service center of an academic institution with well-established
cybersecurity systems. In addition, the participants will be
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assured that only deidentified data will be exported at the back
end solely for research and quality improvement purposes.

Limitations

The findings of this study have to be interpreted with caution
owing to apotential selection bias; patientswho wereinterested
in the program might be more likely to have participated in this
survey than those were not. The small sample size is expected
because hemophilia is a rare disease. However, we recruited
patients through a nongovernmental organization, and the
response rate was high. This approach may have helped to
establish the sampling frame and likely reduced the risk of
selection bias. Other than conducting an exploratory analysis
on theinternal consistency of theitems, we did not evaluate the
other psychometric properties of the survey tool. However, the
items were adapted from the Technology Acceptance Model,
whichisone of the most popular theoretical frameworksamong
similar studies conducted in other patient populations [19-21].
As this is a preintervention survey, we do expect the users
perceptions and preference to change after welaunch the mobile
app. To evaluate the success of this program, our future work
will include the collection of data on the participants
acceptability and perceived usability of the mobile app on the
basis of user metrics (number of downloads and installs,
acquisition, stickiness, and active users). We will also assess
clinical outcomes (adherence to prophylactic treatment and
reduction in bleeding events) and humanistic outcomes (users
satisfaction and health-related quality of life).

Conclusions

Initiation of this multimodal program that includes mobile
technology would be parallel with the vision embodied by “The
Smart City Blueprint for Hong Kong” [22], which was
introduced by the Government of the Hong Kong SAR to
facilitate the use of innovation and technology to improve
people's quality of life. It is encouraging to infer that patients
with hemophiliain Hong Kong are receptive to the use of mobile
technology as part of a multimodal program to improve
self-management of their health. However, like with any service
project, there is a risk of failure if the program is not
implemented in a thoughtful way. As identified by the study
participants, there is a need for ongoing promotion and
monitoring of usability, particularly in the early implementation
phases. Additionally, continual maintenance, quality assurance,
and data security should be ensured to maximize the
sustainability of this project.

We would like to acknowledge members of the Hong Kong Haemophilia Society for participating in this study, as well as Mr
George Yuen (Cloud Computing Division, Information Technology Services Centre, The Chinese University of Hong Kong) and
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Abstract

Background: Characteristics of an individual’s social network have been important factors in understanding infectious disease
transmission patterns. Social network data collection isgenerally time and resourceintensive, yet it iscrucial to our understanding
of the complex epidemiologic landscape of human behaviors among stigmatized social groups.

Objective: We sought to evaluate the feasibility and acceptability of a self-administered socia network data collection tool,
Network Canvas, among Black men who have sex with men (BMSM) and transgender persons using the think-aloud method,
which isarobust and flexible research technique used to perform usability testing.

Methods: We piloted a self-administered network interview within the Network Canvas Software Suite. Participants aged 18
years and older were recruited through a community-based organization in Atlanta, GA, and were included based upon their
willingness to share information on sexual behaviors and drug use for themselves and their social networks. A semistructured
interview guide was used to document cognitive decision-making processes while using the tool. Recorded interviews were
transcribed verbatim, and thematic analyses were performed.

Results: Among 7 BMSM and transgender participants, three main themes were identified from cognitive processes: (1) the
utility, (2) navigation, and (3) intuitive design of Network Canvas. Overall, Network Canvas was described as“ easy to use,” with
suggestions mainly directed toward improving navigation tools and implementing an initial tutorial on the program prior to use.
Participants were willing to use Network Canvas to document their social networks and characteristics. In general, observed
verbal responses from participants matched their behavior, although there were some discrepancies between verbal affirmations
of use and understanding versus external observation.

Conclusions:  We found Network Canvas to be a useful new tool to capture social network data. Self-administration allowed
participants the opportunity to provide sensitive information about themselves and their social networks. Furthermore, automated
name generation and visualization of an individuals' social network in the app has the potential to reduce cognitive burden during
data collection. More efficient methods of social network data collection have the potential to provide epidemiologic information
to guide prevention efforts for populations with stigmatized health conditions or behaviors.
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Introduction

Social networks are understood as patterns of stableinteractions
among people [1,2] that can be categorized as instrumental,
supportive, disruptive, burdensome, or neutral. Infectious disease
transmission, such as HIV transmission, requires interactions
between at least two individuals. Thus, characteristics of an
individual’'s social network have been important factors in
understanding infectious disease transmission patterns. |ndeed,
various social network characteristics have been identified as
robust predictors of HIV transmission. For example, an
individual’s network size, demographics of the network, and
theindividual’s position in their own network are highly linked
to the risk of sexually transmitted infections [3], and sexua
[4-6] and substance use [7-10] behaviors.

The ability to capture valid reports of social network data is
crucia in order to assess the relationships between social
networks and HIV. Social network inventories have mainly
been collected using standard data collection methods that ask
research participantsto list people within their networks during
a specified period and then to provide potentially extensive
information about each ater's demographics, perceived
behaviors, and health outcomes[11]. Although the use of paper
social network inventoriesis effective and has produced reliable
reports even with historical accounts of socia networks, the
data collection, entry and cleaning processes for these data are
cumbersome for both participants and researchers [11].
Moreover, the fatigue related to this method of social network
data collection may lead to underreporting of network members
and data entry errors [12,13]. Electronic social network data
collection platforms that circumvent some of these issues have
recently emerged. For example, electronic social network data
collection platforms can reduce survey length by providing
electronic data entries instead of written data entries, drag and
drop features to report network characteristics, and backend
programming that stores data into a ready-to-analyze format
with several automated network characteristic measures such
as network size [14,15].

Network Canvasisarecently devel oped, open-source, el ectronic
social network data collection platform that is intuitively
designed to collect and export social network data [16,17]. As
described previously [18], Network Canvas aims to simplify
the collection and management of network data via the use of
touch-optimized interfaces for data capture. Through these
features, researchers can assess more nuanced associations
between contextual factors and infectious disease spread, and
they areableto usethese datain near real-time. Network Canvas
has been extensively tested to ensure that it is not only user
friendly but also effective and efficient beforeits stable rel ease.
Previous evaluations of Network Canvas were completed on a
sample of young men who have sex with men (MSM) to
understand their social, drug use, and sexua networks.

https://formative.jmir.org/2021/9/€30237

Researchersfound that Network Canvas maintained dataquality
comparable to other digital platforms, and young MSM found
Network Canvas easy to use [17,19]. However, the utilization
of Network Canvas is dtill limited, and the platform was
designed to be an interviewer-assisted platform. Although such
platforms can be useful in certain settings, thelack of validation
of it asaself-administered tool may limit the utility of Network
Canvas in some research and clinical settings with fewer
resources and limit its use with some of the most in-need
populations.

Limited resources, including fewer staff, less time, and
budgetary restrictions, are common in research and clinical
settings that serve racial minority MSM, who have the highest
risk of HIV transmission [20,21]. Thus, research is needed to
determine whether Network Canvas' streamlined and intuitive
design can be self-administered in a community setting. The
purpose of this study is to evaluate the feasibility and
acceptability of a self-administered socia network data
collection inventory on Network Canvas among Black MSM
(BMSM) and transgender persons using the think-al oud method.
The think-aloud method is a robust and flexible research
technique used to perform usability testing [22]. It allows
participants to provide valuable, reliable, and unfiltered
information of their cognitive process while completing a task
[22,23]. Thethink-aloud method iswidely used inthe disciplines
of psychology [23], engineering [24,25], education [22,26], and
public health [27,28]. In public health, think-aloud methods
have been used to assess participants’ cognitive understanding
of novel survey measures. To our knowledge, this method has
not been used in health research to understand whether study
participants can adequately self-administer an electronic social
network data collection tool by understanding the natural flow
and expectations of the information being requested by the
program. In this article, we utilized the think-aloud method to
understand BMSM and transgender persons’ cognitive processes
and then assessed the feasibility and acceptability of Network
Canvas for personal socia network data collection.

Methods

Design

Northwestern University partnered with researchers at the
Rollins School of Public Health at Emory University to pilot
the Network Canvas software app. In order to assess the
feasibility and acceptability of using Network Canvas among
BMSM and transgender persons, a semistructured interview
guide was used to instruct participantsin how to verbalize their
cognitive decision-making processin real-time while completing
atask or using atool on Network Canvas. All study activities
were approved by the Emory University Institutional Review
Board.
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Recruitment

A total of 7 participants (N=7) were typically purposively
recruited in collaboration with acommunity-based organization
in Atlanta, GA. To beincluded in the study, all participants had
to be aged 18 years or older and willing to share personal
information on sexual behaviors and drug use for themselves
and their social networks. Participant ages ranged between 19
and 28 years old. Participants self-identified as BMSM (n=5),
transmen (n=1), and transwomen (n=1).

Data Collection and Analysis

Datafor this study were collected as a part of a parent study in
which participants were interviewed in order to evaluate their
willingness to receive sexual health services in pharmacies.
Participants were subsequently asked about their willingness
to participate in the feasibility and acceptability testing of
Network Canvas. Prior to data collection, researchers
downloaded the Network Canvas Architect Application, the
component of the Network Canvas Software Suite that deploys
study protocolsto a password-protected i Pad. Architect software
(version 4.0.0; Complex Data Collective) was used.

In the Network Canvas protocol, participants were asked to
identify their social networks and engagements with these
networks in the last 3 months (see Figure 1 for example
screenshots). In the name generator, participants assigned
fictitious namesto peoplein their social networks; these names
werethen linked to their reported demographicinformation (ie,
age and sex), sexual health status, and drug use behaviors (ie,
cocaine, heroin, or opioids). Participants were asked questions
such as, “Who did you get together to hang out with or
sociaize?’ “Who did you have sex with?” and “Who did you
usedrugswith?’ Participantswere also instructed to place each
network on a sociogram. The names of individuals who were
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closest socially to the participants were arranged in the center
of the circle, and those who were the least socially close to
participants were placed on the margins of the circle.

Researchers used think-aloud methods in order to guide
participantsto verbally describetheir cognitive process by using
the features and tools while completing the Network Canvas
socia network inventory. Participants were asked to actively
describe their understanding of the software program as they
navigated it to complete the survey questions. Following the
interview, participants were asked questions about their
experience using the software such as, “Did you find the
application intuitive?’ and “How was your experience using
the Network Canvas application to answer these questions?’
All interviews were recorded using an audio-recorder.
Researcherstook observational notesto capture nonverbal cues
not captured on the audio recorder. All data were uploaded to
a secure computer server to maintain  participants
confidentiality. Each participant received a US $50 gift card to
compensate for their time upon interview completion.

Research assistants with a masters-level training in qualitative
methods transcribed the audio-recorded interviews verbatim.
Participants verbatim transcripts were complemented with their
respective observational notes to enhance the analysis of both
verbal and nonverbal cues. NVivo 12 (Version 12; QSR
International), aqualitative data analysis software, was used to
perform athematic analysis of the participants’ interviews and
observation notes. Three transcripts were analyzed and used to
develop acodebook with inductive codes, definitions, and in-text
examples. The codebook was then used to code the remaining
transcripts and generate findings. Saturation was determined
when new emergent themes were no longer present in the data.
Once saturation was reached, participant recruitment was
stopped.
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Figure 1. Screenshots of the Network Canvasinterface and workflow. (A) Detailed edge interpretation for individual ties; (B) elicitation of tieswithin

asociogram.

A

Results

Cognitive processes of participants were captured while
navigating through the Network Canvas application, and close
attention was paid towards participants’ processes using the
application’s features and tools. Analyzed data were organized
into three main themes:. (1) the utility, (2) navigation, and (3)
intuitive design of Network Canvas.

https://formative.jmir.org/2021/9/e30237
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Utility of Network Canvas

All participants described Network Canvas as “easy to use”
They a so shared that features within the application were useful
in collecting and organizing personal network information.
Specifically, one participant explained that the name generator
was useful in allowing names to be added and populated on the
sociogram for later use.
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It was easy. It was very easy. [Participant #107]

It's an easy process and you don’t have to add them
[names of social networks members] again. Just a
simple tap. [Participant #112]

Navigation of Network Canvas

Although participants responded positively to the utility of the
application, most of them expressed ways in which to improve
navigation. The name generator and sociogram required
participants to perform different data input tasks either by
clicking, tapping, or dragging. Participants (6/7, 85.7%) found
that these varioustool s between pages madeit harder to engage
with the application. During the interviews, participants asked
the interviewers how to navigate between questions and pages.

So, it'sasking me a question but how am | supposed
to—click this button hereto answer ...So, | guess| hit
this arrow to move forward?... So, you're saying if
they're highlighted, it means selected? [Participant
#108]

I’'m going to the next question. Do | just click on
them?... Okay so this person name is here, how do |
get to the other person name? [Participant #109]

Thetapping and dropping and dragging.. that'salot
...Oh! There we go. Untap. So, you said...Yeah, no,
that wasn’t clear. [Participant #110]

To help participants better navigate the application, researchers
added navigation instructions at the beginning of each section.
However, interviewers observed that most participants
proceeded to the survey questionswithout reading the navigation
instructions. One participant openly shared his thoughts about
the writing prompts.

It was like a lot of writing [haha] not going to lie.
[Participant #112]

Intuitive Design of Network Canvas

Overall, al participants responded positively to the application’s
design and felt that the application was generally intuitive. One
participant expressed that he would be ableto use the application
on his own without any assistance. The remaining participants
expressed that as they moved through the survey, they used the
features and tools appropriately.

Once you get the hang of it it's easy. [Participant
#110]
Several participants offered recommendations on ways to
improvethe design of the application. One partici pant mentioned
that a “down arrow” tool be changed to “Next.” He expressed
that the proposed tool would make navigating through the
application more intuitive.

So maybe like the down arrow—instead of it being a
down arrow, maybeit could say “ next” or something
like that because I'm still looking for the “ next”

button in the back of my mind. I’ mjust used to seeing
next. [Participant #108]

One participant was repeatedly shown how to use many of the
toolsfor the name generator and sociogram features. Although
herarely verbalized his concerns, the interviewer observed that
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he faced challenges navigating through the application.
However, after being shown how to use the tools, he felt
confident and found the application easy to navigate. He
expressed that people using the application should be taught
how to navigate through it.

| believe someone should be there to instruct the
person before they use it, and then let them go off on
their own after they’ ve instructed them on how to use
it and, what to do, and how to answer the questions.
[Participant #107]

Discussion

Principal Results

In this study, we used the think-aloud method to assess the
feasibility and acceptability of an electronic social network data
collectiontool, Network Canvas, among BMSM and transgender
persons. Thethink-aloud method was used to assess participants
cognitive process while compl eting the social network inventory
in Network Canvas. Researchers followed the participants
cognitive process to understand whether it matched with what
was expected of each participant. While in most cases
participants’ verbal responses matched their behavior, there
were some discrepancies between their verbal affirmation of
their use and understanding of the feature versus externa
observation. Our results suggest that participants were willing
to use Network Canvasand found it to befeasible and generally
easy to use. However, the sociogram feature and some of the
navigation tools required the most instructions for participants.
Although participants believed that the design of Network
Canvas was easy to understand, they had suggestions for
improvement, including more intuitive forward buttons with
labels noting the next step. They suggested the inclusion of a
brief tutorial before allowing participantsto complete the social
network inventory on their own. They also noted a need for
features and tool s to be consistent on each data collection page
to improve the application’s intuitiveness.

Comparison With Prior Work

Instead of interviewer-led assessments, self-report procedures
have been utilized in research on vulnerable populations with
stigmatized health conditions or behaviors due to their ability
to collect valid and reliable measurements of risk behaviors
[29,30]. Previous studies have shown that when self-reporting
procedures are structured in a way to maximize response
accuracy, valid assessments can be collected [31,32]. In this
study, navigation promptswere not highly utilized and may not
be an effective way to communicate instructions. Participants
suggested the implementation of both an orientation prior to
using the application, as well as more informative navigation
buttons, which are both potential methods to gather more
detailed and accurate information in future studies.

The collection of accurate social network information from
at-risk populations can be difficult and resource intensive, yet
it hasthe potential to inform targeted interventionswith greater
impact [33]. Thus, it is crucial to further develop morefeasible
and efficient methods to collect social network datathat can be
implemented in awider range of settings. For example, social
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network name generation through either paper or
interviewer-based methods places a significant cognitive burden
on the participant, and it is susceptible to interviewer effects if
prompts are asked differently each time[34,35]. Thischallenge
highlights the utility of the Network Canvastool, which allows
for interactive building and complete visualization of the
participant’s social network to reduce cognitive burden and is
not sensitive to interviewer effects due to the standardized
application platform.

Previous research has used the think-aloud method to develop
and adapt measurement scales as well as websites and other
electronic applications [36]. For example, one study used
think-aloud methods to improve the comprehensibility of
pediatric antiretroviral therapy adherence measurement items
to adapt surveys to cultural context [37]. Another study used
think-aloud methods to assess the usahility of asmartphone app
for the purposes of helping people reduce their alcohol
consumption [38]. The findings of this study have been used to
further the development of the Network Canvas software.
Although interviewer-assisted data collection using Network
Canvas is the most optimal, this preliminary data establishes
evidence that self-administration of this program is possible,
particularly with short, visual tutorialsto orient the participant.

Limitations

This study has a number of important limitations. First, due to
the small sample size of this study, we are unable to generalize
our findings nor generate greater user feedback data to further
improve the usability of Network Canvas. However, during data
collection, we reached saturation among participants. Second,
thereisarisk of reporting bias, in which participants may have
given answersin the direction they perceived to be expected by
the researchers. Furthermore, participants may have only
selected to verbalize the thought processes they wished to share
with interviewers (ie, socia desirability bias). Third, there is
also arisk of acquiescencebias, if participants responsestended
to have more positive connotations or associations within their
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stated socia networks. Fourth, although we used the think-aloud
method to understand how the participant cognitively processed
the social network inventory software, this method doesrequire
that participants speak aloud throughout the interview, and this
was not performed consistently throughout the interview nor
across participants, thus likely limiting the observational data
we were able to collect [23]. To mitigate the potential effects
of this, research assistants were trained to remind and incite
verbal feedback from participants, as well as collect
observational data that were used to complement participants

verbatim transcripts during dataanalysis. Fifth, the functionality
of the name generator within the Network Canvas software in
which fictitious nameswere assigned to peoplein one's network
may limit the generalizability of these results to future studies
that may require the use of the real names of contacts in a
network. Lastly, although thiswas part of alarger study focused
on assessing BMSM’s willingness to receive sexual health
servicesin pharmacies, the research and data collection protocol

was written solely for the purposes of this study.

Conclusions

Overall, this study showed that Network Canvasisauseful tool
to capture socia network data, and it has the potential to be a
widespread, efficient data collection method. Its ability to be
self-administered alowed for participantsto provide confidential
data about their social networks and their engagements with
those social networks. Through observational data, participants
asked questions on how to use tools within Network Canvas.
Therefore, it would be useful to include short tutorials to
enhance participants’ ability to navigate through the application.
This study lays the groundwork for further research to assess
usability and feasibility in a larger sample of people from
different cultural backgroundswho may not be asfamiliar with
the technology. Further evaluation of this self-administered
software application to collect socia network data has the
potential to provide rich descriptive epidemiol ogic information
that can help to guide future prevention strategies.

We would like to thank the participants for their time and engagement in this study. We would aso like to acknowledge the
National Institute of Mental Health (NIMH) for its support under award number R34MH119007, and the National Institute on
Drug Abuse (NIDA) for its support under award numbers RO1DA042711 and KO8DA037825.

Conflictsof I nterest
All authors have no relevant disclosures.

References

1.  BerkmanlL, KrishnaA. Social Network Epidemiology. In: Berkman L, Kawachi |, Glymour M, editors. Social Epidemiology.

Oxford: Oxford University Press; 2014:234-289.

2. Latkin CA, Knowlton AR. Social network assessments and interventions for health behavior change: a critical review.
Behav Med 2015;41(3):90-97 [FREE Full text] [doi: 10.1080/08964289.2015.1034645] [Medline: 26332926]

3. Rothenberg RB, Sterk C, Toomey KE, Potterat JJ, Johnson D, Schrader M, et a. Using socia network and ethnographic
toolsto eval uate syphilistransmission. Sex Transm Dis 1998 Mar;25(3):154-160. [doi: 10.1097/00007435-199803000-00009]

[Medline: 9524994]

https://formative.jmir.org/2021/9/e30237

JMIR Form Res 2021 | vol. 5 | iss. 9 |€30237 | p.70
(page number not for citation purposes)


http://europepmc.org/abstract/MED/26332926
http://dx.doi.org/10.1080/08964289.2015.1034645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26332926&dopt=Abstract
http://dx.doi.org/10.1097/00007435-199803000-00009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9524994&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Crawford et al

4,

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Latkin C, Mandell W, Oziemkowska M, Vlahov D, Celentano D. The relationships between sexual behavior, alcohol use,
and personal network characteristicsamong injecting drug usersin Baltimore, Maryland. Sex Transm Dis1994;21(3):161-167.
[doi: 10.1097/00007435-199405000-00006] [Medline: 8073344]

Latkin CA, Mandell W, Vlahov D. Therelationship between risk networks patterns of crack cocaine and alcohol consumption
and HIV-related sexual behaviors among adult injection drug users: a prospective study. Drug Alcohol Depend 1996
Nov;42(3):175-181. [doi: 10.1016/s0376-8716(96)01279-3] [Medline: 8912800]

Veinot TC, Caldwell E, Loveluck J, Arnold MP, Bauermeister J. HIV testing behavior and social network characteristics
and functions among young men who have sex with men (Y MSM) in metropolitan Detroit. AIDS Behav 2016
Nov;20(11):2739-2761. [doi: 10.1007/s10461-016-1296-y] [Medline: 26837634]

Latkin C, Mandell W, Oziemkowska M, Celentano D, Vlahov D, Ensminger M, et al. Using socia network analysisto
study patterns of drug use among urban drug users at high risk for HIV/AIDS. Drug Alcohol Depend 1995 Apr;38(1):1-9.
[doi: 10.1016/0376-8716(94)01082-v] [Medline: 7648991]

Latkin CA, Forman V, Knowlton A, Sherman S. Norms, social networks, and HIV-related risk behaviors among urban
disadvantaged drug users. Soc Sci Med 2003 Feb;56(3):465-476. [doi: 10.1016/90277-9536(02)00047-3] [Medline: 12570967]
Latkin CA, Hua W, Forman VL. The relationship between social network characteristics and exchanging sex for drugs or
money among drug usersin Baltimore, MD, USA. Int JSTD AIDS 2003 Nov;14(11):770-775. [doi:
10.1258/09564620360719831] [Medline: 14624742]

Suh T, Mandell W, Latkin C, Kim J. Social network characteristics and injecting HIV-risk behaviors among street injection
drug users. Drug Alcohol Depend 1997 Aug 25;47(2):137-143. [doi: 10.1016/s0376-8716(97)00082-3] [Medline: 9298335]
Ricken S, Schuler R, Grandhi S, Jones Q. TellUsWho: Guided Social Network Data Collection. TellUswho: 2010 43rd
Hawaii International Conference on System Sciences,; 2010 Presented at: Annual Hawaii International Conference on
System Sciences; January 5-8, 2010; Honolulu, HI. [doi: 10.1109/hicss.2010.365]

Bell DC, Belli-McQueen B, Haider A. Partner naming and forgetting: recall of network members. Soc Networks 2007
May;29(2):279-299 [FREE Full text] [doi: 10.1016/j.s0cnet.2006.12.004] [Medline: 17940583]

Marsden PV. Network data and measurement. Annu Rev Sociol 1990 Aug;16(1):435-463. [doi:
10.1146/annurev.s0.16.080190.002251]

Lavrakas P. Encyclopedia of Survey Research Methods. 6th ed. Thousand Oaks, California: SAGE Publications; 2008.
Brown JL, Vanable PA, Eriksen MD. Computer-assisted self-interviews: a cost effectiveness analysis. Behav Res Methods
2008 Feb;40(1):1-7 [FREE Full text] [doi: 10.3758/brm.40.1.1] [Medline: 18411521]

Complex Data Collective. Network Canvas: Software to Simplify Complex Network Data Collection. URL: https:/
[networkcanvas.com [accessed 2016-07-01]

Birkett M, Melville J, Janulis P, Phillips G, Contractor N, Hogan B. Network Canvas: Key decisionsin the design of an
interviewer assisted network data collection software suite. Soc Networks 2021 Jul;66:114-124. [doi:
10.1016/j.socnet.2021.02.003] [Medline: 34054204]

Hogan B, Melville J, Philips G, Janulis P, Contractor N, Mustanski B, et al. Evaluating the paper-to-screen trand ation of
participant-aided sociogramswith high-risk participants. In: Proc SIGCHI Conf Hum Factor Comput Syst. USA: Association
for Computing Machinery; 2016 May Presented at: Conf Hum Factor Comput Syst; 2016; New York, NY p. 5360-5371
URL: http://europepmc.org/abstract/M ED/28018995 [doi: 10.1145/2858036.2858368]

Hogan B, Janulis P, Phillips GL, Méelville J, Mustanski B, Contractor N, et al. Assessing the stability of egocentric networks
over time using the digital participant-aided sociogram tool Network Canvas. Netw Sci 2020 Jun;8(2):204-222 [ FREE Full
text] [doi: 10.1017/nws.2019.27] [Medline: 33628443]

HIV Surveillance Report. Centersfor Disease Control and Prevention. 2015. URL : http://www.cdc.gov/hiv/library/reports/
hiv-surveillance.html [accessed 2016-01-01]

Hall HI, Song R, Tang T, An Q, Prejean J, Dietz P, et al. HIV trendsin the United States: diagnoses and estimated incidence.
JMIR Public Health Surveill 2017 Mar 03;3(1):e8 [FREE Full text] [doi: 10.2196/publichealth.7051] [Medline: 28159730]
ChartersE. The use of think-aloud methodsin qualitative research an introduction to think-al oud methods. Brock Education
Journal 2003 Jul 01;12(2):68-82. [doi: 10.26522/brocked.v12i2.38]

Guss CD. What is going through your mind? Thinking aloud as a method in cross-cultural psychology. Front Psychol
2018;9:1292 [FREE Full text] [doi: 10.3389/fpsyq.2018.01292] [Medline: 30150948]

Ruckpaul A, Firstenhtfer T, Matthiesen S. In: Gero J, Hanna S, editors. Combination of eye tracking think-aloud methods
in engineering design research. Cham: Springer; 2014:81-97.

Ball L, Ormerod T, Morley N. Spontaneous analogising in engineering design: a comparative analysis of experts and
novices. Design Studies 2004 Sep;25(5):495-508 [FREE Full text] [doi: 10.1016/].destud.2004.05.004]

Verkuyl M, Hughes M, Fyfe MC. Using think aloud in health assessment: a mixed-methods study. J Nurs Educ 2018 Nov
01;57(11):684-686. [doi: 10.3928/01484834-20181022-10] [Medline: 30388291]

Schnall R, John RM, Carballo-Dieguez A. Do high-risk young adults use the HIV self-test appropriately? Observations
from athink-aloud study. AIDS Behav 2016 Apr;20(4):939-948 [EREE Full text] [doi: 10.1007/s10461-015-1240-6]
[Medline: 26518679]

https:/formative.jmir.org/2021/9/€30237 JMIR Form Res 2021 | vol. 5 | iss. 9 |€30237 | p.71

(page number not for citation purposes)


http://dx.doi.org/10.1097/00007435-199405000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8073344&dopt=Abstract
http://dx.doi.org/10.1016/s0376-8716(96)01279-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8912800&dopt=Abstract
http://dx.doi.org/10.1007/s10461-016-1296-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26837634&dopt=Abstract
http://dx.doi.org/10.1016/0376-8716(94)01082-v
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7648991&dopt=Abstract
http://dx.doi.org/10.1016/s0277-9536(02)00047-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12570967&dopt=Abstract
http://dx.doi.org/10.1258/09564620360719831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14624742&dopt=Abstract
http://dx.doi.org/10.1016/s0376-8716(97)00082-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9298335&dopt=Abstract
http://dx.doi.org/10.1109/hicss.2010.365
http://europepmc.org/abstract/MED/17940583
http://dx.doi.org/10.1016/j.socnet.2006.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17940583&dopt=Abstract
http://dx.doi.org/10.1146/annurev.so.16.080190.002251
http://europepmc.org/abstract/MED/18411521
http://dx.doi.org/10.3758/brm.40.1.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18411521&dopt=Abstract
https://networkcanvas.com
https://networkcanvas.com
http://dx.doi.org/10.1016/j.socnet.2021.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34054204&dopt=Abstract
http://europepmc.org/abstract/MED/28018995
http://dx.doi.org/10.1145/2858036.2858368
http://europepmc.org/abstract/MED/33628443
http://europepmc.org/abstract/MED/33628443
http://dx.doi.org/10.1017/nws.2019.27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33628443&dopt=Abstract
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
https://publichealth.jmir.org/2017/1/e8/
http://dx.doi.org/10.2196/publichealth.7051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28159730&dopt=Abstract
http://dx.doi.org/10.26522/brocked.v12i2.38
https://doi.org/10.3389/fpsyg.2018.01292
http://dx.doi.org/10.3389/fpsyg.2018.01292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30150948&dopt=Abstract
https://doi.org/10.1016/j.destud.2004.05.004
http://dx.doi.org/10.1016/j.destud.2004.05.004
http://dx.doi.org/10.3928/01484834-20181022-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30388291&dopt=Abstract
http://europepmc.org/abstract/MED/26518679
http://dx.doi.org/10.1007/s10461-015-1240-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26518679&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Crawford et al

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Sudha S, Morrison S, Thomas EH, Herrera SC, Ruiz C. ¢Qué te parece?: Pretesting an HIV testing enablers assessment
instrument among Hispanic/L atino immigrant women. Hisp Health Care Int 2015;13(3):131-139. [doi:
10.1891/1540-4153.13.3.131] [Medline: 26400391]

Murphy DA, Durako S, Muenz LR, Wilson CM. Marijuanause among HIV-positive and high-risk adolescents: acomparison
of self-report through audio computer-assisted self-administered interviewing and urinalysis. Am J Epidemiol 2000 Dec
01,152(9):805-813. [doi: 10.1093/8j€/152.9.805] [Medline: 11085391]

Weinhardt LS, Forsyth AD, Carey MP, Jaworski BC, Durant LE. Reliability and validity of self-report measures of
HIV-related sexual behavior: progress since 1990 and recommendations for research and practice. Arch Sex Behav 1998
May;27(2):155-180 [FREE Full text] [doi: 10.1023/a:1018682530519] [Medline: 9562899]

Dowling-Guyer S, Johnson ME, Fisher DG, Needle R, Watters J, Andersen M, et al. Reliability of drug users self-reported
HIV risk behaviors and validity of self-reported recent drug use. Assessment 2016 Jul 26;1(4):383-392. [doi:
10.1177/107319119400100407]

Del BocaFK, Noll JA. Truth or consequences: the validity of self-report data in health services research on addictions.
Addiction 2000 Dec;95 Suppl 3:S347-S360. [doi: 10.1080/09652140020004278] [Medline: 11132362]

Harling G, Tsai AC. Using social hetworksto understand and overcome implementation barriersin the global HIV response.
JAcquir Immune Defic Syndr 2019 Dec;82 Suppl 3:5244-S252 [FREE Full text] [doi: 10.1097/QA1.0000000000002203]
[Medline: 31764260]

Marsden PV. Interviewer effects in measuring network size using a single name generator. Social Networks 2003
Jan;25(1):1-16. [doi: 10.1016/S0378-8733(02)00009-6]

Eagle DE, Proeschold-Bell RJ. Methodological considerations in the use of name generators and interpreters. Social
Networks 2015 Jan;40:75-83. [doi: 10.1016/j.socnet.2014.07.005]

Raitasalo K, Knibbe R, Kraus L. Retrieval strategies and cultural differencesin answering survey questions on drinking:
A cross-national comparison. Addiction Research & Theory 2009 Jul 11;13(4):359-372. [doi: 10.1080/1606635042000334179]
Vreeman RC, Nyandiko WM, Ayaya SO, Walumbe EG, Inui TS. Cognitive interviewing for cross-cultural adaptation of
pediatric antiretroviral therapy adherence measurement items. Int J Behav Med 2014 Mar;21(1):186-196. [doi:
10.1007/s12529-012-9283-9] [Medline: 23188670]

Crane D, Garnett C, Brown J, West R, Michie S. Factors influencing usability of a smartphone app to reduce excessive
alcohol consumption: think aloud and interview studies. Front Public Health 2017;5:39 [FREE Full text] [doi:
10.3389/fpubh.2017.00039] [Medline: 28421175]

Abbreviations

BM SM: Black men who have sex with men
M SM : men who have sex with men

NIDA: National Institute on Drug Abuse
NIMH: National Institute of Mental Health

Edited by G Eysenbach; submitted 07.05.21; peer-reviewed by M Mackesy-Amiti, A Algarin; comments to author 28.06.21; revised
version received 09.08.21; accepted 16.08.21; published 09.09.21.

Please cite as:

Crawford ND, Josma D, Harrington KRV, Morris J, Quamina A, Birkett M, Phillips 1l G

Using the Think-Aloud Method to Assess the Feasibility and Acceptability of Network Canvas Among Black Men Who Have Sex With
Men and Transgender Persons: Qualitative Analysis

JMIR Form Res 2021;5(9):€30237

URL: https://formative.jmir.org/2021/9/€30237

doi: 10.2196/30237

PMID: 34499040

©Natalie D Crawford, Dorie Josma, Kristin R V Harrington, Joseph Morris, Alvan Quamina, Michelle Birkett, Gregory Phillips
[1. Originally published in IMIR Formative Research (https:/formative,jmir.org), 09.09.2021. 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 origina work, first published in IMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the origina publication on
https://formative.jmir.org, as well as this copyright and license information must be included.

https:/formative.jmir.org/2021/9/€30237 JMIR Form Res 2021 | vol. 5 | iss. 9 |€30237 | p.72

(page number not for citation purposes)


http://dx.doi.org/10.1891/1540-4153.13.3.131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26400391&dopt=Abstract
http://dx.doi.org/10.1093/aje/152.9.805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11085391&dopt=Abstract
http://europepmc.org/abstract/MED/9562899
http://dx.doi.org/10.1023/a:1018682530519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9562899&dopt=Abstract
http://dx.doi.org/10.1177/107319119400100407
http://dx.doi.org/10.1080/09652140020004278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11132362&dopt=Abstract
http://europepmc.org/abstract/MED/31764260
http://dx.doi.org/10.1097/QAI.0000000000002203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31764260&dopt=Abstract
http://dx.doi.org/10.1016/S0378-8733(02)00009-6
http://dx.doi.org/10.1016/j.socnet.2014.07.005
http://dx.doi.org/10.1080/1606635042000334179
http://dx.doi.org/10.1007/s12529-012-9283-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23188670&dopt=Abstract
https://doi.org/10.3389/fpubh.2017.00039
http://dx.doi.org/10.3389/fpubh.2017.00039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28421175&dopt=Abstract
https://formative.jmir.org/2021/9/e30237
http://dx.doi.org/10.2196/30237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34499040&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Ramos et al

Original Paper

Collecting Social Media Information in a Substance Use
Intervention Trial With Adolescent Girls With Lifetime Substance
Use History: Observational Study

Lili M C Ramos', BA; Joseline Delgadillo?, BSW; Sarah Vélez?, BA; Emily Dauria?, PhD, MPH; Jamie Salas’, MSc,
LMFT; Marina Tolou-Shams?, PhD

1Department of Psychology, John Jay College of Criminal Justice and the Graduate Center, City University of New York, New York, NY, United States
2Department of Psychiatry and Behavioral Sciences, University of California, San Francisco, San Francisco, CA, United States

Corresponding Author:

Marina Tolou-Shams, PhD

Department of Psychiatry and Behavioral Sciences
University of California, San Francisco

1001 Potrero Ave

San Francisco, CA, 94110

United States

Phone: 1 (628) 206 2212

Email: Marina.Tolou-Shams@ucsf.edu

Abstract

Background: Adolescents with juvenile legal system contact face numerous barriers to participation in behavioral health
intervention research, including housing disruption, legal privacy concerns, and systems mistrust. Technology, such as socia
media, may be anovel and developmentally appropriate adolescent research study engagement and retention tool.

Objective: We examined data on social mediainformation collected for study retention purposes from adolescents participating
in a substance use intervention trial.

Methods: Data were collected as part of a randomized controlled trial determining efficacy of a group-based substance use
intervention for girls and young women (12-24 years) with substance use histories referred from legal and school systemsin the
United States. Baseline demographic and social media information was analyzed from the subset of 114 adolescent girls (mean
age 15.7 years, range 13-18 years), of whom 31.6% (36/114) were legally involved, 87.7% (100/114) belonged to minoritized
racial/ethnic groups, and 32.5% (37/114) received public assistance.

Results: Most girls(74/114, 64.9%) provided at |east one social mediaaccount (Instagram, 95% [ 70/74]; Facebook, 27%[20/74];
and Twitter, 11% [8/74]) during study enrollment. Legally involved girls were significantly less likely to provide social media
information than school-referred girls (44% [16/36] versus 74% [58/78]; )(21 [N=114]=9.68, P=.002).

Conclusions: Obtaining social media information for study retention purposes from adolescent girls with lifetime substance
use appears possible; however, particular subgroups (ie, legally involved girls) may be less likely to provide accounts. Factors
shaping legally involved girls’ willingness to provide social mediainformation, including mistrust and privacy concerns, and the
impact of researcher’s access to social mediainformation on study retention are critical directions for future research.

Trial Registration: ClinicaTrials.gov NCT02293057; https:.//clinicaltrials.gov/ct2/show/NCT02293057

(JMIR Form Res 2021;5(9):€25405) doi:10.2196/25405

KEYWORDS
adolescent girls; legal involvement; substance use; social media; health intervention

: delivery policy and practices with adolescents with juvenile
Introduction legal system contact (herein referred to as “legally involved
Large, representative samples in substance use intervention adolescents”) and across the behavioral health cascade of care

research are essential to best inform substance use treatment L1+ Prior research with legally invol ved adol escent popul ations
hasidentified challengesto engaging and retaining participants
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in longitudinal intervention trials, suggesting a need for novel,
age-specific contact methods [2,3]. High rates of social media
use among adolescents in the United States are leading
researchers to explore social media as a tool for recruiting,
retaining, and intervening with adol escent research participants
(eg, [4-6]), particularly those who may be harder to reach using
traditional retention strategies (eg, in-person, voicecalls). Socia
mediaallows adolescentsto control how they present themselves
to their social networks at a developmental stage when
self-esteem, self-exploration, autonomy, and identity
development matter significantly [7]. As adolescents rely
increasingly on social mediato fulfill these needs, their elevated
time spent on the platforms suggests that social media could be
a developmentally appropriate engagement strategy for
researchers to reach and connect with adolescents on the
platformsthey aready use to connect with peers, develop their
individual identities, and carry out their day-to-day social lives

(8].

Social mediais aso an efficient mechanism to recruit diverse
(ie, in racelethnicity, gender, socioeconomic status) adol escent
groups into health research [6,9,10]. Social media may be
especialy useful for substance use intervention trials with
legally involved adolescents, for whom researchers may face
study recruitment and retention obstacles, such as
disproportionate housing disruption that precludes consistent
in-person contact [3,11] and high rates of household poverty
that can result in frequent cellphone service disruption [12].
Social mediaplatforms present a possible solution because they
are accessible across multiple devicesif phonesarelost or stolen
and via internet connections if phone plans are disrupted.
Participants’ willingness to provide social media information
for study communication must be examined, particularly among
minoritized adolescent populations who may have differential
willingness to provide social media information. Specifically,
legally involved adolescents may be reluctant to provide social
media information due to privacy concerns. Prior work has
described how law enforcement agencies use social media for
surveillance purposes, such as investigating and monitoring
individuals activities online [13,14]. Adolescents who use
substances may be especially reluctant to provide social media
information due to concerns that images posted online might
capture substance use and could lead to further system
involvement. Surveillance by law enforcement has historically
impacted People of Color disproportionately, which may also
contribute to adolescents' decisions to share social media
information [13]. Empirical literature on using social mediafor
study retention purposes to date has not included legally
involved adol escent substance use research popul ations and has
primarily focused on evaluating only 1 social media platform
(ie, Facebook) [15,16].

As part of a larger substance use intervention trial with
adolescent girls (legaly involved and at-risk for legal
involvement by virtue of substance use history), we examined
data on social media account information provided to research
staff for retention efforts. We hypothesized that legally involved
girls would be less likely to provide social media information
for study contact purposes than girls at-risk for lega
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involvement who were referred from schools (hereafter
“school-referred girls’).

Methods

This study includes baseline adol escent demographic and social
media data collected between 2016 and 2019 as part of a
federally funded, randomized controlled trial (Project VOICES)
testing the efficacy of a gender-responsive, group-based
substance use intervention [17] with girls and young women
(12-24 years). To examine adolescent-specific patterns, we
analyzed datafrom self-identified femal e adol escents (hereafter
“girls’), aged 13-18 years (114/132, 86.4%) who could legally
hold social media accounts according to the Children’s Online
Privacy Protection Act (ie, age=13 years). Eligible girls had to
endorse lifetime history of substance use (alcohol, cannabis, or
other drugs) on a private, computerized screener. Girls were
ineligiblefor participation if their substance use treatment need
required a higher level of care than an outpatient, if they chose
to participate in an alternate substance use intervention, or had
observable cognitive or developmental delays or active
psychosis that would preclude group participation. Girls were
recruited from juvenile probation and diversion and public
school settings in alarge metropolitan area on the West Coast
of the United States. All girls referred from probation or
diversion programs were living in the community (and not
detained); school counsel orsreferred girlsfrom the schoolswho
they determined might benefit from substance use intervention
participation.

Eligible girls completed study assent, consent, and locator
information for study follow-up. A Certificate of Confidentiaity
was obtained from the National Institutes of Health as an
additional protection for participants privacy and wasreviewed
with adolescents prior to enrollment. For locator purposes,
adolescents were asked to provide (1) cellphone numbers; (2)
social media account information (Facebook, Instagram, or
Twitter); (3) home address; and (4) contact information for at
least three individuals who could help locate the adolescent if
other contact methods were unsuccessful. Demographic data
(eg, age, race, ethnicity) were collected as part of a private,
computerized baseline assessment. Following the baseline
assessment, girlswere randomized to either an active (VOICES)
or control (GIRLHealth; psychoeducational health curriculum)
intervention, each consisting of twelve 60-minute group sessions
(6-8 girls/group) (see[18] for adetailed description of full trial
methods). Participants completed study assessments pre-
(baseline)-, mid-, and immediate postintervention completion,
and a 3 and 6 months after the intervention. All study
procedures were approved by the Institutional Review Board
of the Principal Investigator’'s ingtitution (MT-S; University of
California, San Francisco).

Results

Approximately one-third of girlswerelegally involved (36/114,
31.6%; Table 1). Girlswere on average 16 years, predominantly
belonged to minoritized racial and ethnic groups (12.3%
[14/114] White, non-Hispanic/Latinx), and 32.5% (37/114)
reported receipt of public assistance (eg, food stamps). There
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were no age (t;,=0.847, P=.40) or racelethnicity (X%
[N=114]=4.92, P=.30) differences between legaly involved
and school-referred girls. School-referred girlswere lesslikely
to report receipt of public assistance than werelegally involved

girls (x?; [N=114]=7.39, P=.007).

Most girls (74/114, 64.9%) provided at least one social media
account as a study contact method (range 0-3; Figure 1); 70%
(52/74) provided 1, 27% (20/74) provided 2, and 3% (2/74)
provided 3. Of those, 95% (70/74) provided account information
from Instagram, 27% (20/74) from Facebook, and 11% (8/74)
from Twitter. Results from individual chi-square tests showed

Table 1. Demographic characteristics of adolescent participants (N=114).

Ramos et al

that girlswere significantly morelikely to provide an Instagram
versus Twitter (le [N=114]=5.41, P=.02) account, with a
similar pattern for Instagram versus Facebook (x%;
[N=114]=3.54, P=.06). Girls' provision of at least one socid
media account did not differ by race/ethnicity ()(24
[N=114]=1.398, P=.85), socioeconomic status (X%
[N=114]=0.000, P=.99), or age (t,,,=—0.608, P=.54). Legally
involved girls were significantly less likely to provide socia
media account information than school-referred girls (44%

[16/36] versus 74% [58/78]; X, [N=114]=9.68, P=.002).

Variable Adolescents
Age at baseline (years), mean (SD) 15.7 (1.3)
Race/ethnicity, n (%)
White, non-Hispanic/Latinx 14 (12.3)
Black, African American or Haitian, non-Hispanic/Latinx 22 (19.3)
Mixed race or multiracial, non-Hispanic/L atinx 18 (15.8)
Other, non-Hispanic/Latinx® 15(13.2)
Hispanic or Latinx 45 (39.5)
Legal system involvement, n (%)
Legaly involved 36 (31.6)
School referred 78 (68.4)
Self or family receiving public assistance, n (%)
Yes 37(32.5)
No 77 (67.5)

3 ncludes participants who self-identified as Asian, Native Hawaiian or other Pacific |slander, American Indian, or “Other”

Figure 1. Socia mediaaccount information provided by adolescent participants.

100 4

a0 -

80 4
74.4

70 -
64.9

60 -

50 4
44.4

40

Percentage who provided

30 4

20 4 b

13.9

10

Facebook

2 1 account

417

70.5

61.4

m Legally involved (n=36)
W School referred (n=78)

m All adolescents (n=114)

10.3

7.0
1
0.0

Twitter

Instagram

Social media platform

https:/formative.jmir.org/2021/9/e25405

XSL-FO

RenderX

JMIR Form Res 2021 | vol. 5| iss. 9 |[€25405 | p.75
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Discussion

The majority of school-referred and under half of legally
involved adolescent girls (74% [58/78] and 44% [16/36],
respectively) provided at least one social media account to
researchers, suggesting that collecting social mediainformation
is possible among girls enrolled in substance use intervention
trials. In comparison, national data on social media account
ownership indicatesthat 72% of adolescents use Instagram and
51% use Facebook [19]. Social mediaownership and utilization
have not yet been examined among legally involved adolescents,
yet adolescents bel onging to minoritized racial and ethnic groups
and adolescents with reported lower socioeconomic statuses,
who are disproportionately represented in the juvenile lega
system, demonstrate comparably high social media usage
[12,19,20]. Further, adolescents who use substances are likely
to use social media[21].

Consistent with our hypothesis, legally involved girls were
significantly less likely than school-referred girls to provide
social media information. Legally involved girls lesser
willingness may be associated with disruptions in phone or
device access (eg, due to caregivers or court taking cellphones
away; lack of Wi-Fi) or concerns about privacy (eg, fears of
court, probation or diversion staff, or parents monitoring) and
system mistrust (eg, posting potentialy self-incriminating
images, researchers not keeping information from the court).
Future research should examine how these and other factors
may impact adolescents’ willingness to provide social media
information, especially among legally involved girls. Differences
inwillingnessto share social mediainformation and limitations
to using social media for research purposes with adolescents
who may be most vulnerableto legal system monitoring should
also be examined.

Our findings also suggest that girls might have preferred
platforms for contact (ie, Instagram). Thisis in line with US
adolescent trends from 2018 that Instagram use has surpassed
Facebook in popularity [19]. It will be important in future
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research to assess whether the higher frequency of platforms
provided (eg, Instagram in this study) is due to more preval ent
account ownership or to greater willingnessto release Instagram
information to researchersrelative to other platforms. To account
for emergent socia media trends potentially unknown to
researchers (eg, TikTok), researchers should allow participants
to provide open-ended responses when asked about social media
use and contact preferences.

The use of an existing data set not designed for the purpose of
these types of analyses comes with limitations. For example,
this data set did not include reasons regarding willingness to
provide social media information. Data were also limited to
adolescent girls, which is informative for much needed
gender-responsive substance useintervention trials, but our data
do not address how to reach and engage legally involved
adolescents who do not identify as female in substance use
intervention research, nor the impact of gender identity on
willingness to provide social media information. Girls also
provided social media information in the presence of a
consenting caregiver, which may have impacted their choices
to share social media information. Future research should
explore adolescents’ perspectives on the use of social mediafor
study retention purposes, assess feasibility and acceptability
using standardized measures, and qualitatively examine factors
impacting decisionsto share accounts (eg, privacy from parents,
courts). Ethical implications of collecting social media
information from adolescents for substance use intervention
research retention purposes should also be considered in future
research.

Our findings provide some of the first empirical data
demonstrating that social media information can be collected
to reach and retain historically minoritized, underrepresented,
and vulnerabl e adolescent populations (ie, girls, legally involved,
racial/ethnic minority) in substance use intervention research.
Understanding more about willingness to provide account
information and patterns of use, and assessing the effectiveness
of social media use on improving study outreach, recruitment,
and retention are critical areas for future research.
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Abstract

Background: Approximately 60%-80% of the primary care visits have a psychological stress component, but only 3% of
patients receive stress management advice during these visits. Given recent advances in natural language processing, there is
renewed interest in mental health chatbots. Conversational agents that can understand a user’s problems and deliver advice that
mitigates the effects of daily stress could be an effective public health tool. However, such systems are complex to build and
costly to develop.

Objective: To addressthese challenges, our aimisto develop and evaluate afully automated mobile suite of shallow chatbots—we
call them Popbots—that may serve as a new species of chatbots and further complement human assistance in an ecosystem of
stress management support.

Methods: After conducting an exploratory Wizard of Oz study (N=14) to evaluate the feasibility of a suite of multiple chatbots,
we conducted aweb-based study (N=47) to eval uate the implementation of our prototype. Each participant was randomly assigned
to adifferent chatbot designed on the basis of aproven cognitive or behavioral intervention method. To measure the effectiveness
of the chatbots, the participants' stress levels were determined using self-reported psychometric evaluations (eg, web-based daily
surveys and Patient Health Questionnaire-4). The participants in these studies were recruited through email and enrolled on the
web, and some of them participated in follow-up interviews that were conducted in person or on the web (as necessary).

Results: Of the 47 participants, 31 (66%) completed the main study. Thefindings suggest that the users viewed the conversations
with our chatbots as helpful or at least neutral and came away with increasingly positive sentiment toward the use of chatbots for
proactive stress management. Moreover, those users who used the system more often (ie, they had more than or equal to the
median number of conversations) noted a decrease in depression symptoms compared with those who used the system less often
based on a Wilcoxon signed-rank test (W=91.50; Z=-2.54; P=.01; r=0.47). The follow-up interviews with a subset of the
participants indicated that half of the common daily stressors could be discussed with chatbots, potentially reducing the burden
on human coping resources.
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Conclusions:  Our work suggests that suites of shallow chatbots may offer benefits for both users and designers. As a result,
this study’s contributions include the desigh and evaluation of a novel suite of shallow chatbots for daily stress management, a
summary of benefits and challenges associated with random delivery of multiple conversational interventions, and design guidelines
and directions for future research into similar systems, including authoring chatbot systems and artificial intelligence—enabled

recommendation algorithms.

(IMIR Form Res 2021;5(9):€25294) doi:10.2196/25294
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conversational agents; virtual agent; chatbot; therapy; stressrelief; stress management; mental health; stress; exploratory; support;

mobile phone

Introduction

Overview

In the United States, approximately 60%-80% of the primary
care visits have apsychological stress component [1], but only
3% of patients receive stress management advice during these
visits [2]. The reason for thisis a combination of both limited
infrastructure geared toward preventive health and limited focus
on stress management. However, the increasing accessibility
of mobile computing has spurred the growth of mental health
apps, which currently account for 29% of the mobile health app
market that includes fitness, nutrition, and other lifestyle apps
[3]. However, general trends suggest that users are spending an
increasing amount of time accessing servicesthrough messaging
clients compared with purpose-built apps [3]. As a result,
developers are leveraging these clients to build conversational
interfaces, also known as chatbots, to create novel interactions
in the health domain, including those that allow usersto report
symptoms, make appointments, and gain referrals.

Advancesin natural language processing, such asintent [4] or
emotional recognition [5,6] based on very large language data
sets, continue to increase the range of these systems and their
potential for impact. Research into improving conversational
systems spans a number of domains such as customer service
[7,8], companionship [9,10], and, increasingly, mental health
[11-14]. As chatbots are scalable and easy to access, many
systems are aimed at substituting human support in common
conversationswith known formats. Early effortsin mental health
include ELIZA [15], which attempted to mode the
psychoanalytical approach of introspection: asking questions
to engage the user in examining their own menta and emotional
processes. More recently, chatbots such as Woebot [16] and
Wysa [17] have been used to provide cognitive behavioral
therapy (CBT) support to people at risk for depression. As a
result, it is no surprise that a recent workplace survey found
that most people (86% of those surveyed) were receptive to
using chatbots and artificial intelligence (Al) systems that
provide mental health support services [18]. However, given
the complexity of life and the many types of stressors that a
chatbot would need to understand to provide support, building
aproactive everyday stress management chatbot is complex to
design, costly to develop, and difficult to author in ways that
appeal broadly.

To address these limitations, we aim to explore creating a new
breed of simple conversational chatbots that use short
conversationsfor in-the-moment management of daily stressors

https://formative.jmir.org/2021/9/e25294

(eg, deadlines, difficult social interactions, and lack of sleep).
Inspired by Etzioni’s second law for Al systems, “ Disclose that
it is not human” [19], we aim to create shallow yet effective
and engaging mental health chatbots that do not try to replicate
human intelligence. In the context of daily stress management,
we define shallow chatbots as those that use few and brief
conversational exchanges to deliver a single coping technique.
These shallow chatbots are not created to replicate or replace
humans (ie, family, friends, or therapists) but rather to operate
as part of a larger ecosystem of agents providing stress
management support. The advantages of creating multiple
shallow chatbots are manifold: (1) chatbots capable of delivering
microinterventions lower barriers of time and commitment for
users; (2) they can be authored and curated more quickly by
novice designers to produce a variety of high-quality advice
options; (3) this variety of chatbots could help improve
long-term engagement (ie, chatbotsthat fail could be removed);
and (4) the suite approach allows for future personalization.

Prior research has explored the design of suites of just-in-time
stress management interventions. For instance, the study by
Paredes et al [20] demonstrated that a suite of microinterventions
coupled with a web-based learning recommendation system
could teach long-term stress coping skills to users. We extend
this research on microinterventions by exploring a suite of
diverse and specialized shallow chatbots for daily stress that
we call Popbots. As early work investigating suites of shallow
chatbots, our research questions are exploratory and include the
following: How might we design multiple shallow chatbots for
proactive and reactive stress management? How might everyday
users react to using these multiple chatbots for managing their
daily stress? And what challenges and benefits do they perceive
about such systems?

Background

Daily Stress

The stressresponseis an evol utionary mechanism that mobilizes
bodily resources to help humans cope with daily challenges as
well as life-threatening situations. Stress has two components:
a stressor and a stress response. The former could be linked to
sources of uncertainty, complexity, cognitiveloads, or emotional
distress. The latter refersto the mental and physical reaction to
such stimuli. Daily stressors are defined asthe routine challenges
of day-to-day living. The challenges can either be predictable
(eg, daily commutes) or unpredictable (eg, an unexpected work
deadline) and occur on 40% of all days. Unlike chronic stress,
these stressors are rel atively short-lived and do not persist from
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day to day [21,22]. However, daily stress has been shown to
exacerbate symptoms of existing physical health conditions
[21]. Repeated triggering of daily stress can also lead to chronic
stress, which has been associated with a variety of
pathophysiological risks such as cardiovascular diseases and
immune deficiencies—conditions that impair the quality of life
and shorten life expectancy [23,24]. Thus, having effective
mitigation strategies for daily stress can have a positive effect
on a person’s well-being and overall health.

Traditional Stress-Mitigating I nterventions

There is a wide variety of methods employed to help reduce
stress. Positive psychology, for instance, isan emerging practice
to help people calm down with personally targeted cues such
as asking peopleto express gratitude or perform compassionate
acts[25]. Another group of effective techniquesis part of CBT
[26], which teaches people how to recognize their sources of
stress, change their negative behaviora reactions, and reframe
their thoughts. Yet another approach is the use of narrative
therapy, which focuses on constructing conversations to help
people become satisfied with their state of being [27]. Such
conversations are the basis of social interaction, which has a
direct impact on emotions[28,29]. For example, positive social
interactions have been shown to lead to calmness and openness
in social engagement [29,30]. In our work, we borrow from this
literature (ie, positive psychology, CBT, and somatic regulation)
to design chatbots to guide users through stress-relieving
techniquesin response to daily stressors.

Stress-Mitigating Microinterventions

A relevant approach to this work is the use of internet-based
technology that leverages specific aspects of CBT (eg, for
smoking cessation [31,32]), positive psychology (eg, for
depression [33,34]), and similar techniques to deliver
personalized treatments and enhance well-being [35]. Recently,
researchers explored the use of machine learning algorithmsto
recommend calming interactions with web apps. For instance,
the study by Paredeset a [20] demonstrated the benefit of using
just-in-time web-based interventions for teaching long-term
stress-coping skills. In particular, the study discussed the
complexity of engaging peopleto prevent early attrition. People
under high levelsof stressfind that any additional task, including
interventions, adds to their stress load. This motivates the need
for research on the design of intervention suites that could
reduce attrition by diversifying the types of interventions that
are recommended to users over time [20,36,37].

Chatbots for Mental Health

Chatbots have a long history of application in mental health.
The earliest mental health chatbot, ELIZA [15], was
programmed to deliver nondirective therapy mirroring Rogerian
therapy (ie, reflecting and rephrasing user input). A few years
later, PARRY [38] was used to study schizophrenia. In addition
to its capability of displaying regular expressions, PARRY
included a model of its own mental and affect states. For
example, PARRY could become more angry or mistrustful, thus
generating hostile outputs. In a comparison study, psychiatrists
could not distinguish transcripts of interviews with PARRY
from those of interviews with people with schizophrenia.
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However, work on subsequent mental health chatbots did not
emerge until recently [11-14].

Recent examples close to our work are varied and include
chatbotsthat administer motivational stress management surveys
[39] and CBT chatbots such as Woebot [16], Wysa [17], and
Tess [40]. Woebot is an automated chatbot based on the
principles of CBT. Woebot leads users through a series of
CBT-type lessons, directing users to videos and other forms of
didactic materia to get them to engage in common CBT skills
such as cognitive restructuring or behavioral activation. Wysa
isan Al-driven pocket penguin that also bases chat interactions
on CBT skills. The benefits of Woebot have been demonstrated
in a randomized controlled trial showing superiority to a
web-based e-book at reducing symptoms of depression and
anxiety inasample of college students, and asimilar experiment
was run with Tess, which corroborates these results across
multiple university populations.

This expanding ecosystem of chatbots for mental health apps
suggests that such tools are viable as accessible support
solutions. This is not surprising, given that mental health has
long relied on the talking cure as a primary form of treatment.
A challenge regarding the use of existing chatbot systemsisthe
need to explore the problems through a set of questions and
answers and conversational exchanges that may be hard to
author and maintain. Our system overcomes this limitation by
allowing for the creation of multiple chatbots with each
representing a single type of intervention. Authoring these
shallow chatbotsis easier for adesigner because they can focus
on delivering a single intervention technique with a clear
objective and conclusion. For users, microintervention chatbots
offer quick advice without their needing to work through a
lengthy dialog that could be, by itself, another source of stress.
In someways, our system resembles agame console or amedia
platform (eg, Netflix) where each chatbot is a new game or
movie and we can learn over time which chatbots the users
prefer.

Methods

Prototype Chatbot Suite

Extending prior work on microinterventions and conversational
interfaces [20], we propose the creation of a suite of shallow
chatbotsthat providein-the-moment conversationsfor managing
daily stress. Although prior work tended to focus on patients or
people at risk (ie, people with high levels of depression or
anxiety symptoms as highlighted by recent surveys [11-14]),
our aimisto provide aquick and engaging system using smple
microintervention chatbots that can help to alleviate daily stress
for healthy people (ie, toward improving long-term well-being
and helping to mitigate future crises). Another goal of the project
isto simplify the authoring of chatbots by reducing complexity
toward enabling a scalable solution for rapidly creating
numerous (ie, hundreds or more) chatbots for stress
management. To explore this idea, we developed a prototype
chatbot suite with a common template for short conversations
(ie, 2-3 minuteswith afew conversational exchanges) composed
of four components (Figure 1): (1) an onboarding script for
explaining the system and its limitations to users; (2) a shared
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set of greetings, stressor parsers, and intent-extraction
components; (3) the microintervention chatbots that make up

the suite; and (4) afeedback component.

Figure 1. Overview of conversation structure for al chatbots: When a user sends a greeting message (eg, “Hi"), they receive a greeting from the suite
of chatbots in response. If it is the user’s first time using the suite, they are directed to the onboarding script explaining how our shallow chatbot suite
operates and what its limitations are. Next in the conversation sequence, the system asks the user what it is that is currently “ stressing them out”; the
stressor is then extracted, and a chatbot is randomly selected. Each chatbot delivers a coping technique in the form of abrief conversation that endswith

the user assessing the conversation on a 3-point Likert scale (ie, Not helpful, Neutral, and Helpful).

First session
> Onboarding

Y
Greeting Stressor Intervention Feedback
Response Extraction Select chatbot Assess efficacy
A

Saying "Hi" starts new interaction

Chatbot Design

Overview

We used an iterative, human-centered approach to designing
our chatbot suite (Table 1). The initial chatbot scripts were
developed in a 4-hour workshop with the aid of 6 novice
designers, curated by a clinical psychologist, and tested for
quality purposes by conducting simulations in which pairs of
designers acted as users and chatbots. Each chatbot relied on a
decision treeto facilitate conversations, usually resulting in the
user providing aresponse to a series of open-ended (eg, What
is the worst-case scenario for [a stressor]?), yes-no (eg, Has
[the stressor] affected your sleep?), or numerical (eg, What is
the severity of a scenario?) questions (Textbox 1). Stress
management literature—particularly literature related to CBT
techniques [26,41,42]—was used to derive conversations for

stressrelief. Using thisapproach, our novice design team created
chatbots based on three techniques (ie, worst-case scenario,
problem solving, and positive thinking). Thetotal development
time (ie, including design, curation, and quality assurance steps)
was approximately 8 hours. We then evaluated the feasibility
of our chatbot system against a control condition in a Wizard
of Oz (WOZ) pilot study with 14 users (Multimedia Appendix
1). We observed that the participants in the condition with
multiple chatbots tended to agree to a greater degree that the
intervention helped to reduce their stress compared with those
in the control condition with a single chatbot; however,
follow-up interviews reveal ed that the participants still expected
chatbots to act in human-like ways. The lessons learned from
this pilot study were used to refine our chatbot scripts, and they
also informed the development and implementation of our
web-based system.

Table 1. Prototype chatbot names, their techniques, and the studiesin which they were used.

Chatbot Technique Description Study
Doom Bot Worst-case scenario Asks the user to consider the worst-case scenario Wizard of Oz and web-based
Sherlock Bot Problem solving Asks aseries of questions to pinpoint the problem Wizard of Oz and web-based

Glass-Half-Full Bot Positive thinking Asks the user to view their problemsin anew light Wizard of Oz and web-based
Sir Laughs-a-Bot Humor Finds humor in the situation Web-based
Treat Yourself Bot Self-love Reminds the user that it isall right to treat themselves Web-based
Dunno Bot Distraction Asks user to think about events they are looking forwardto  Web-based
Checkin Bot Checking in Asks whether the stressor affected daily activities Web-based
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Textbox 1. A sample chatbot script.
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The script used by Doom Bot
«  Tell me more details about [problem]?

o I'msorry to hear that. What are you most afraid might happen as aresult?
o Alright, onascaleof 1to 10, 1 being impossible, 10 being certain, how likely is this scenario?
o Alright, in the case that this happens, what could you do to get back on track?

«  Cool, looks like you have a plan B. Just remember, though you cannot control everything, there is away to get back on your feet.

System | mplementation

We implemented our chatbot suite in Telegram (Telegram
Messenger Inc) [43], a data-security—compliant messaging
platform, using aPython (Python Software Foundation) backend
and a MongoDB (MongoDB Inc) database (Figure 2). Using
prior experience and the observations obtained during theinitial
chatbot workshop, the research team generated 4 additional
chatbots bringing the total to 7 and programmed the
conversational scriptsin Python. Interactionswith these chatbots
are automatic, rely on open text (as opposed to buttons), and
are rule-based, using regular expressions to control the flow of
conversations. Following our template, when the user messages
the chatbots (ie, by typing “Hi"), they receive afriendly greeting
message and are asked to describe their current stressor (Figure
2). After extracting the stressor, a chatbot is randomly

recommended, and its avatar image is displayed (Figure 2).
User input is passed to a state handler through the Telegram
application programming interface; the state handler analyzes
these data to generate a response. Once the response is
generated, it is sent to the user, and the interaction is logged.
After the conversation ends, the chatbot thanks the user for
sharing and asks them for feedback on whether the interaction
helped to reduce their stress on a 3-point Likert scale (ie, Not
helpful, Neutral, and Helpful). We refined the chatbots with
pilot usersto make them seem more human-like (eg, introducing
typing delays), clarified utterances so that users were more
aware of when the system was waiting for input, and added a
/switch option that allows users to change chatbotsin situ (the
only interaction that used buttons). Sample conversations are
included in Multimedia Appendix 1.

Figure2. A system diagram overview and example conversation scripts with conversational interfaces. (A) System diagram; (B) User who initiated a
conversation over the Telegram interface being asked to describe their stressor; (C) Sample conversation with Doom Bot, recommended by the system.
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The participants were recruited in August-September 2019
through word of mouth and auniversity listserv. Our recruitment
materials specified that participants would be asked to use our
system for 7 days and complete a prestudy questionnaire, short
daily surveys, and a poststudy questionnaire. These materials
also specified that participants must be aged 18 years or older
and have a compatible smartphone (ie, an Android [Google
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LLC] phone or an iPhone [Apple Inc]). Web-based enrollment
occurred on a rolling basis, and al questionnaires were
completed through the Qualtrics survey tool (Qualtrics LLC).

After receiving our invitation email, the participants completed
our prestudy questionnaire that asked them about their
demographic information, how much stress they felt daily, and
their perceptions of using chatbotsfor daily stress management.
The participants also completed the short Patient Health
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Questionnaire (PHQ)-4 to ascertain a measure of their clinical
anxiety and depression symptoms [44]. Upon completing the
survey, the participants were automatically sent email
instructions for installing the Telegram app as well as a
personalized URL that, when accessed on their smartphones,
initialized the Popbotschannel within the app.

Once this initiaization was completed, the participants were
instructed to type “Hi” and go through the onboarding script
that explained the purpose of the system (eg, that it was for
daily stress management) and its limitations (eg, that it was not
intended for the treatment of serious mental health conditions).
After going through the onboarding script, the participants were
instructed to interact with the chatbots anytime they felt stressed
over the next 7 days. Daily surveys, which were sent at 8 PM
each day (local time), asked the participants to rate their daily
stresslevels, sleep quality the previous night, and level of social
interaction experienced that day. After 7 days of using the
system, the participants completed a poststudy questionnaire,
which asked the participants about their perceptions of daily
stress over the course of the week and if their perceptions of
chatbots had changed, as well as other usability questions. The
participants also completed the PHQ-4 questionnaire again. We
then followed up with a subset of the participants to complete
asemistructured interview and card-sorting task (similar to our
pilot WOZ study); we sent a general email request to all
participants, and volunteers were enrolled on a first-come,
first-served basis.

To motivate participation, we provided compensation. The
participants earned US $10 through an Amazon gift card
(Amazon Inc) for successfully completing both the pre- and
poststudy questionnaires. We offered an additional US $3 for
each day that they interacted with the chatbots and completed
the daily survey. Compensation was prorated based on partial

Table 2. Participant age ranges by subpopulation.
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completion of these components. The participants who were
interviewed after the study were compensated with an additional
US $25 per hour of theinterview. The protocols were reviewed
for ethics and privacy concerns by our institution’s research
compliance office.

Participants

We recruited 47 participants (34 women and 13 men). Most
(33/47, 70%) were university staff members, whereas the
remaining participants (n=14) were undergraduate students.
Although the staff memberswere aged between 18 and 74 years,
the students were aged between 18 and 24 years (Table 2).
Approximately half of the participants (21/47, 45%) identified
themselves as Asian, whereas the remaining participants
identified asWhite (n=12), Hispanic or Latino (n=7), Multiracia
(n=2), Black (n=2), American Indian (n=1), or preferred not to
identify their race (n=2). More than half (28/47, 60%) reported
being single (with no children), less than haf (n=18) were
married or in a domestic partnership (mean 1.9 children), and
1 participant was separated (with 3 children). Although the
students had completed high school or General Educational
Development requirements and were now working on their
bachelor’s degree, the staff members had ahigh degree of formal
education, with more than a third holding a bachelor’s degree
(13/33, 39%), just less than a third (n=9) holding a master’'s
degree, some (n=4) having some college course experience, and
a few more (n=4) holding terminal professional or doctoral
degrees. Most of the staff members (30/34, 88%) were employed
full time, whereas the remaining (n=4) were working part time;
all student participants (14/47, 30%) listed their occupation as
full-time students. Excluding interview payments, the
participants received an average of US $23.86 (SD US $14.35;
median US $25.00) in compensation.

Population 18-24 years, n 25-34 years, n 35-44 years, n 45-54 years, n 55-64 years, n 65-74 years, n
(%) (%) (%) (%) (%) (%)

Students (n=14) 14 (100) 0(0) 0(0) 0(0) 0(0) 0(0)

Staff members (n=33) 5(15) 6 (19) 9 (26) 6(19) 5(15) 2(7)

Data and Analysis

In summary, our data include responses to pre-, daily, and
poststudy questionnaires; application logs from the chatbot
system; interview transcripts; and photographs of the
assignments made during the card-sorting activity. All
guestionnaires include Likert scale questions and short
open-form responses. The follow-up interviews were audio
recorded, transcribed, and coded for themes of interest. We
pursued an iterative analysis approach using a mixture of
inductive and deductive codes [45]. We created a codebook
initially derived from research studies, our study protocol, and
postinterview discussions among the research team members.
The unit of analysis was the answer (or stream of answers) to
specific questions. High-level codes included perceptions of
chatbots for stress management and preferences regarding
conversational partners, aswell as privacy and trust. A random
transcript was selected and cocoded by the research team

https://formative.jmir.org/2021/9/e25294

members. The remaining transcripts were divided and coded
independently. The individually coded transcripts were then
reviewed by a second researcher who met with the original
coder to resolve disagreements. In al, 2 researchers then
aggregated the transcripts, reviewed them for consistency, and
summarized the results.

Although 47 participants enrolled in the study, 31 (66%)
completed both the pre- and poststudy questionnaires. As
exploratory work, we report on descriptive statistics such as
means and SD, which are contextualized with participant quotes.
We use the letter P and randomized IDs to refer to the
participantsin our web-based study (eg, P1234) and letters (eg,
PX) to refer to those from our WOZ pilot study in our interview
results.
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Results

Application Logs

Over the course of 7 days, most of the participants (44/47, 94%)
interacted with our chatbots, generating 291 conversations. The
participants averaged approximately seven conversations per
week (mean 6.83, SD 3.14). These conversations were short,
lasting only a few minutes (mean 1.95, SD 2.53), and often
occurred during the latter part of the day. Although some
conversationswerelikely triggered by the daily survey reminder
(at 8 PM), most (232/291, 79.7%) of the conversations were
unprompted and occurred throughout the day with increased
activity inthe 7 AM, 12 PM, 3 PM, and 8 PM hours. A deeper
exploration of these conversations indicated that some
participantswere simply checkingin, particularly around 8 PM,
reporting stressors such as “Nothing” or “Doing pretty good
actualy.” As aresult, we filtered out approximately athird of
the conversations that fell into this category as well as those
that contained atechnical issue making them indecipherable.

Table 3. Categories of stressors.

Mauriello et d

Reporting Stressors

We observed 2 ways that the participants reported stressors to
the chatbots. Most of the participants (146/197, 74.1% of
conversations) tended to describe stressorsin afew words. For
exampl e, participants wrote “Having to go to work tomorrow,”
“My presentation that’s coming up,” and “My friend being mad
at me” Another approach (51/197, 25.8% of conversations)
was to type out single words (eg, “Money,” “Car,” and
“Family”).

Topics of Conversation

After filtering out erroneous and nonstress-rel ated conversations,
we labeled the remaining 197 conversations using eight category
tags representing the consistent topics that the participants
discussed with the chatbots (Table 3). The most common topics
included (1) work- and school-related productivity issues, (2)
health problems (eg, feeling tired and experiencing pain), and
(3) interpersonal issues related to (nonfamilial) social
relationships. There were also anumber of Other conversations
that were not widely discussed but might point to additional
topics of daily stress, including vacation-related stress (eg,
packing), commuting, and seasonal stressors (eg, holiday-related

gift giving).

Stressors Examples

Count (n=197), n (%)

Work, school, and productivity
Health, fatigue, and physical pain
Social relationships

Financia problems

Emotional turmoil “Feeling lonely”
Family issues “My marriage’
Everyday decision-making

Other “Just travel stuff”

“1 have some tasks | keep putting off”
“1 want to eat better but I'm having a hard time with it”
“| found out my ex has anew girlfriend”

“1 have afriend coming by and I’ m stressed about an expense”

“Don’t know what to cook for dinner”

79 (40.1)
27 (13.7)
21 (10.6)
13(6.6)
12 (6.1)
10 (5.1)
8(4.1)
27 (13.7)

In Situ Efficacy

Overdll, in situ efficacy was either helpful (76/197, 38.6%) or
neutral (64/197, 32.5%). Asit is reasonable to expect that not
all interventions will be viewed as helpful, a neutral response
may also be viewed as positive in terms of a system with
multiple chatbots. However, more concerning is that the
remaining conversations were rated as unhelpful (57/197,
28.9%). We also observed that feedback varied by chatbot
(Figure S1 of Multimedia Appendix 1). For example, nearly
half of the conversations of Treat Yourself Bot were rated as
helpful and most (22/31, 71%) were rated positive or neutral
versus those of Checkin Bot, which were mostly viewed as
unhelpful (13/25, 52%). We believe that these results are
encouraging because they suggest that with more data, patterns
between stressors and chatbot or user and chatbots may emerge
that might explain these differences and allow a future system
with more complex recommendation algorithms to learn from
and make personalized recommendationsfor each user-stressor
pair.

https://formative.jmir.org/2021/9/e25294

Daily Surveys

The daily survey was administered each day at 8 PM (local
time). In addition to usability questions, the survey tracked
levelsof stress, social interaction, and sleep quality the previous
night using 5-point Likert scales ranging from None to Very
high or Very poor to Very good. As a third (67/197, 34%) of
the conversations could not be matched to a daily survey (ie,
because the participants did not complete them that day), our
analysis focused on evaluating trends in the matched
conversations (n=130). With respect to general trends, we noted
that most (92/130, 70% of conversations) were matched to
surveys that reported Low to Moderate levels of stress
throughout the week. Similarly, most (114/130, 87.6%) were
matched to surveys reporting Acceptable or better sleep quality
the night before and most (110/130, 84.6%) to surveysreporting
Low to High levels of social interaction each day. However,
conversational feedback was roughly evenly distributed across
these variables, skewing dlightly toward Helpful. Further
analysis did not reveal any strong correlations between these
variables and in situ feedback.
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Poststudy Experiential Feedback

Open-ended feedback from the poststudy questionnaire was
generaly positive and helped to characterize the participant
experience. For example, athough it seemed from the
application logs that the participants were using the chatbots
throughout the day, most considered using the chatbots to be a
private activity and, asaresult, reported that they were difficult
to use in the moment. Most of the participants (28/31, 90%)
reported using the chatbots when they were alone—typically
when they had a free moment (ie, afew hours after a stressful
event). This was often because in their work and social
environments, they were busy or wanted to avoid giving the
perception of rudeness caused by being on their phones, which
isan interesting potential barrier.

Likethein situ conversational feedback, retrospective feedback
on effectiveness skewed positive. Most (25/31, 81%) of the
participants viewed the chatbots as Sightly effective to Very
effective, and approximately one-fourth (9/31, 29%) described
the chatbots as Not effective at all. Approximately half (17/31,
55%) of the participants described the current set of chatbots
as cute and engaging. They also appreciated the concept of
having a variety of chatbot options available. A participant
explained as follows:

| like the ability to have access to different chatbots.
| liked problem solving bot and Checkin-bot, but the
laugh bot not so much. [P7596]

However, with only 7 chatbots available, some (n=6) of the
participants commented that their interactionswith the chatbots
felt formulaic or repetitive.

Pre- and Poststudy Comparison

Post Hoc Analysis

As part of our analysis, we looked at changes in severa
guestions asked across the pre- and poststudy questionnaires.
These pre/post metrics include changes in the PHQ-4 scores,
perceptions of daily stress, and perceptions of chatbotsfor stress
management. To further explore these differences, we aso
conducted apost hoc analysis. We separated usersinto 2 groups
based on the number of conversations that the participants had
had with the chatbots. Specifically, we grouped participants
whose completed number of conversations was less than or
equal to the median number of conversations into the Low use
group and the remaining into the High use group. The
participantsin the Low use group (n=16) had an average of 4.31
conversations over the course of the week (SD 1.31), whereas
the participantsin the High use group (n=15) had twice as many
conversations (mean 8.67, SD 2.12).

PHQ-4 Scores

Overdl, we observed adecreasein PHQ-4 scores over the course
of the week when comparing pre- and poststudy assessments
for the participants who completed the study (Figure S2 of
Multimedia Appendix 1). The medians of the before-and-after
PHQ-4 scores were 3.0 and 2.0, respectively. A Wilcoxon
signed-rank test showed that this decrease was significant
(W=91.50; Zz=-2.54; P=.01; r=0.47). Although we cannot
directly attribute this decrease to the interactions with our
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chatbotswithout acontrol group, our post hoc analysis suggests
that although the scores of both groupsfor the prestudy PHQ-4
were similar (median 3.0), there was a greater reduction in the
PHQ-4 score (median 2.0) of the High use group, which was
significant (W=18.0; Z=-2.16; P=.03; r=0.57), compared with
that of the Low use group (median 2.5), which was not. We
theorize that these data point to the potentia efficacy of our
approach.

Daily Stress Experience

We evaluated perceptions of daily stress using a4-point Likert
scale ranging from A little to A great deal. Although the
participants reported varying levels of stressonthedaily survey,
most described their perceptions of daily stress as Moderatein
the prestudy questionnaire, and the perceptions of daily stress
after their participation were retrospectively similar (Figure S3
of Multimedia Appendix 1). Although we observed a dight
decrease in percelved daily stress, these changes were not
significant.

Perceptions of Chatbots

When asked to describe their perceptions of chatbots for stress
Mmanagement on an open-response question, approximately half
of the participants (22/47, 47%) were neutra (ie, they stated
that they had no opinion on chatbots); slightly morethan athird
(n=17) were positive (ie, they believed that chatbots could be
helpful); and the remaining (n=8) participants were negative
(ie, they believed that chatbots would not be effective). An
illustrative comment in favor of chatbots was by P8530: “ They
seem to be a viable option for the management of stress, but
they need to befurther refined in order to be useful in day-to-day
situations” In contrast, those who were more negative were
best exemplified by P5219, who wrote: “...it doesn’t seem like
talking to a non-human would be that helpful because, for me,
talking to a human doesn’t usually help.”

However, in the poststudy questionnaire, most (20/31, 65%) of
the participants reported amore positive attitude toward chatbots
for mental health. Thiswas often because (1) they had apositive
experience with the system themselves, (2) they could conceive
of such systems being helpful to people more generally, or (3)
they found the activity of taking sometime out each day to think
about their stresshelpful. In addition, approximately half (16/31,
52%) of the participants agreed that they had |earned something
about stress management from interacting with the system. For
example, P8002 noted, “I liked the idea of congratulating
yourself for the things you did manageto do rather than focusing
only on what you didn’t.” Interestingly, even the participants
who did not report learning anything from the system were
positive. For example, P9907 noted that although they did not
learn anything from theinteractions with the chatbots, they were
“helpful reminders of what | should be doing when | am
stressed.” Others noted that although they did not learn anything
directly from the chatbots, they did learn that chatbots could be
effective tools. A third of the participants (n=10) reported no
change in their general attitudes toward chatbots, and a small
number (n=3) reported a more negative attitude (ie, they found
the chatbots too repetitive or poorly implemented).
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Follow-up Card-Sorting I nterviews

Two Phases

Theinterviews primarily centered around a card-sorting activity
with two phases. Inthefirst phase, the participants (N=13) were
given 13 stressorsto be assigned to the different chatbots based
on the chatbots that they felt were most effective. The stressors
were synthesized from the Holmes and Rahe Stress Scale [46].
In the second phase of the activity, the participants were asked
to redistribute the stressor categories among three additional
human optionsin addition to the chatbots: anontrained stranger,
friendsand family, and atherapist. The participants were asked
to think aloud while making their assignments.

Card-Sorting Results

The card-sorting activity suggested that there were certain
stressors that the participants preferred to talk to the chatbots
about, given that not all stressor categories were reassigned in
phase 2 when humans were available. We observed that 47%

Table 4. Stressor assignments by chatbot and human resource (n=169).

Mauriello et d

(79/169) of the stressors were retained by the chatbots (Figure
A of MultimediaAppendix 1). Thisresult, we believe, iscritical
and points toward a willingness by the participants to use the
chatbots for common daily stressors.

Moreover, when we sort these stressors by those most assigned
to the chatbots, we observe that Everyday decisions and
Financial stress were rarely reassigned to humans, whereas
interpersonal issues such as Romantic stress or Conflict with
family and complex topics such as Sexuality and identity were.
However, not all chatbots performed equally well in terms of
retaining their assignments in the presence of humans. For
example, Table 4 indicatesthat Checkin Bot, Sherlock Bot, and
Doom Bot were some of the more resilient chatbots, whereas
most of Dunno Bot’s assignments were reassigned to humans.
In fact, many chatbots retained more than haf of their
assignments. We also noted that the participants had a strong
preference for assigning problems to Friends and family over
therapists, with two assignments made to strangers.

Resource: chatbots and humans

Phase 1: chatbots

Stressor assignments, n (%)

Phase 2: chatbots and humans

Sherlock Bot 45 (26.6)
Glass-Half-Full Bot 30(17.7)
Doom Bot 23(14)
Sir Laughs-a-Bot 21 (13.6)
Treat Yourself Bot 20(11.8)
Dunno Bot 15(8.9)
Checkin Bot 15(8.9)
Friends and family N/AP
Therapist N/A
Stranger N/A

21 (12.4)2
5(2.9)
12(7.1)
12(7.1)
11 (6.5)
5(2.9)

14 (8.3)
59 (34.9)

29 (17.2)
2(12)

3/aluesin italics indicate that the percentage of the total decreased compared with phase 1 when human resources were unavailable.

BN/A: not applicable.

Qualitative I nsights

Important Themes

As the participants made their assignments of stressors to the
available chatbots and human resources, we probed for their
rationale. Overal, we corroborated important themes around
the desire to have chatbots that are part of an ecosystem of
support supplementing humans, behave in a human-like way,
and are available to discuss certain stressors.

First Impressions

A chalenge with chatbots is that of first impressions.
Approximately half of the participants (6/13, 46%) thought that
their first interaction with a chatbot had an impact on their
overall perceptions of the multiple chatbots available, and an
unpleasant first interaction with a chatbot |eft the participants
with a negative impression. For example, 1 participant stated
asfollows:

https://formative.jmir.org/2021/9/e25294

| went on the app and the bot said, “ Find ajoke” and
it was something actually really terrible that was
going on. That was my first time interacting with the
bots. | thought “Wow, there’'s nothing that’s funny
about this!” Thisisnot helpful at all. [P1962]

Benefits of Multiple Chatbots

The participants described severa benefits of having multiple
chatbots available, including the ability to combinetwo or more
chatbotsto address a problem. This point was raised during our
WOZ experiment by PB, who wasinsistent that problem solving
is ultimately the solution to all stressors, athough other
interventions may be used before, or in conjunction with,
problem solving for better results:

Everything isgoing to end up herein problem solving.
If people are calm and collected, then they can think
well. So, if people are calm first, then they will find
everything’sfine. Sometimes you can go from extreme
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stress to humor, but that's a big jump. | think it's
better if you're dlightly calmer and then humor comes
in and then distraction. [PB]

We probed this idea further during the latter phases of our
web-based study. Nearly half (6/13, 46%) of the participants
agreed that using chatbots (or interventions) in combination
could be an effective strategy to address stressors. For example,
several were interested in using other interventions in
combination with problem solving:

In the case of conflict with a coworker, distracting
yourself, not letting it take over your life, looking at
the positive side of things could help. It could also go
tothetreat yourself. And then the wor st-case scenario,
‘Sure, | no longer interact with this coworker, and
that's okay.! In the end going back to the Problem
Solving. [P5279]
However, 1 participant (P5981) noted that while interacting
with more than 1 chatbot can be helpful to address a problem,
it is not necessary to use them in rapid succession.

Talking With Friends and Family

Most of the participants (11/13, 85%) favored talking with
friends and family over talking with chatbots in some cases,
and they indicated that this preference had to do with the
complexity of the stressor. The participants preferred speaking
with friends and family about difficult emotional problems (eg,
conflicts with coworkers or interpersonal relationships). A
participant summarized as follows:

It depends on the degree of the problem. If itisa huge
problem, | want a real person. If it's mediumto small
problem, then | go to the bot. [P1442]

There were several reasons for this preference, including
relationship history and range of responses. Friends and family
already have pre-existing relationships with the participants and
knowledge about their persona lives. Approximately a third
(n=4) of the participants preferred humans because they can
show empathy. Another third (n=4) believed that humans are
better at problem solving.

Talking With Therapists
Similar to talking with friends and family, more than half of the
participants (7/13, 54%) said that they believed that therapists

would be more helpful than chatbots in resolving complex
problems. A participant observed as follows:

Therapists aretrained and objective. They are actual
people. You can have complex conversations and get
answer s to questions with them. [PC]

For example, nearly half (3/7, 43%) of the participants believed

that atherapist would be very helpful for talking through issues
of sexual identity.

Talking With Chatbots

The participants noted several practical and emotional benefits
of talking with chatbots. Regarding practical reasons, most
(11/13, 85%) of the participants suggested that chatbots have
some advantages over humans. Almost half (n=5) of the
participants mentioned that talking to achatbot could help them

https://formative.jmir.org/2021/9/e25294
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avoid putting an undue burden on others. A participant stated
asfollows:

[Work stress] can be in the middle of the day, and
[my friends] are going to be busy, and | don’t want
to text them and bother them about that [P7596]

Similarly, some (n=3) of the participants also noted that chatbots
are easy to access:

It'sgoing to be alot quicker to pull up an app, right?
| sneak away to a room, | pull up the bot app, it'sa
lot quicker than messaging someone like, ‘Hey, are
you around?’ and then waiting for a message back,
or calling someone. [P7596]

Another reason cited by afew (n=3) of the participants was that
they could more easily control how much they told chatbots,
whereas humans are more likely to press for information.

Regarding emotional coping, the participants explained that the
chatbots alowed them to shift their thinking about their
stressors. For example, more than half of the participants (8/13,
62%) reported that Doom Bot helped them to recalibrate the
gravity of their stressor:

It's nice to hear when it feels like you're on the brink
of doom, that like, oh, thisisthe worst thing that can
happen. [P5279]

Other participants (n=4) mentioned Glass-Ha f-Full Bot asbeing
effective for putting stressful events in a different light. A
participant, PD, shared that reflecting on the positive aspects
of their experience allowed them to “ take the edge off and make
[the situation] work.” Similarly, half (n=7) of the participants
described the chatbots as a distraction from their problems,
potentially because of the immersive nature of conversational
interventions. Moreover, almost half of the participants observed
that humor helps them ameliorate their stress; as 1 participant,
P7616, stated, “Humor is often the antidote.” These participants
noted that chatbots with amusing dialog could be especially
effective for stress management, although humor is highly
subjective and thus difficult to make sure it appeal sto everyone.

Privacy and Trust

When the participants were asked about any privacy concerns
that they had about the platform, they were split. Approximately
half (6/13, 46%) of them found some topics too personal to
discuss with friends and family, but they were open to talking
to chatbots because of the perceived privacy they provide. For
example, a participant noted as follows:

I’ma very private person. | don’t like to talk about a
lot of things even with friends and family or in
therapy. [P1962]

Otherswent so far asto say that chatbots were more trustworthy
because, as P7596 stated, they are “ devoid of things that come
with being human-like judgment or telling secrets.” In contrast,
afew (n=4) of the participants noted that they were aware that
their messages were not private and took comfort in knowing
that therapists were ethically bound to keep conversations
confidential. The remaining participants (n=3) were unsure:
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| don’t know whether to worry about privacy or not.
I think | have brand loyalty, so | alwaysfeel like Apple
is gonna keep my stuff private. [PD]

When time alowed, we probed a bit more on this topic to get
asense of how usersfelt about chatbot systems using their data
to improve the systems' usefulness, and 2 concerns emerged.
First, approximately a third (4/13, 31%) of the participants
expressed concern about the use of conversational logs and
other metadata that can be collected about web-based
experiences. For example, P1962 likened such systemsto other
technology-related privacy incidents, stating, “even though |
found the chatbots helpful, if they werelike[Amazon’s] Alexa,
running in the background waiting and listening to you and
recording everything, | wouldn’t like that.” One-fourth (n=3)
of the participants were concerned that, even with additional
training, chatbots might not be able to be trusted to handle
mental health crises (eg, referring users to proper resources).
As P6716 summarized, “ Chatbots should potentially set off an
alarm and say there needs to be a human to prevent this person
from doing something terrible, as opposed to just being an
ultra-safe communication cocoon.” In contrast, 2 participants
were unconcerned about the handling of their dataaslong asit
was used to improve their experience. As P5219 stated, “I'm
okay with chatbots having a lot of data about me if it's going
to help them to respond better.”

Discussion

Principal Findings

In this work, we explored the potential effectiveness and user
perceptions of a suite of multiple chatbots for the management
of daily stress in a web-based study. Our results suggest that
multiple shallow chatbots, grounded in CBT and other
techniques, can be designed quickly by relatively novice
designers and that these chatbots could have a positive impact
on mental health and well-being. We draw these conclusions
from the observations that the in situ feedback indicated that
most conversations were viewed as helpful, or at least neutral,
and that there was a reduction in the PHQ-4 scores. As a
complement to these results, there was the general positive
improvement in sentiment toward the effectiveness of chatbots
for daily stressmanagement aswell asother qualitative feedback
that was consistent with these conclusions. However, participant
biasis a concern when evaluating this feedback.

Although this study lacked a direct control, the fact that there
seemed to be a bigger reduction in the PHQ-4 scores in those
who used the system more often is encouraging, given that the
users aso perceived the level of daily stress that they
experienced during participation as consistent with their prestudy
perceptions of daily stress. Although we did not observe a
reduction in these retrospective perceptions of daily stress, it is
unlikely that such perceptions would shift, given the duration
of the study and the general health of the population (ie, most
of the participants reported sleeping well, being social, etc).
Moreover, although many participants were positive about the
variety of the chatbots in our suite, some indicated that it was
not necessarily the conversations that they had had that were
helpful but rather the act of taking the time out to reflect.

https://formative.jmir.org/2021/9/e25294
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Although we generally make no distinction between a chatbot
in our system and a microintervention, the act of taking some
time out is itself a microintervention, regardless of the user’s
feedback on the chatbot that they were paired with. From the
perspective of our system, either outcomeis acceptableif users
are engaged with the system and this engagement results in
users being better equipped to manage daily stress. Next, we
discuss some additional observations and opportunities enabled
by our work, as well as its limitations. We close with design
recommendations and discuss areas of future work.

Ecosystems of Support

When the participants were asked to assign the stressor
categories to available human and chatbot resources in our
follow-up card-sorting tasks, it was interesting to observe that
nearly half of the daily stressors assigned to the chatbots
remained with them when humans are aso available. This
suggests that, in the context of proactive stress management,
the participants viewed chatbot systems such as ours as
expanding the ecosystem of available support. Thisobservation
aloneiscritical because it suggests the potential of our system,
and of chatbots more generally, to help with proactive stress
management. The impact of asuccessful implementation could
greatly increase access to stress management advice with a
potential downstream impact of improving users’ well-being
and helping to mitigate future crises. When the participants
were asked to explain the rationale behind these assignments,
they stated that they viewed chatbots as most effective for
coping with low-complexity stressors (ie, practica and
day-to-day concerns) compared with high-complexity stressors
(ie, those of a more social or interpersonal nature) because of
the relative ease of accessing chatbots and the perception of
privacy granted by such systems. Ancther benefit that the
participants perceived about their experience with our suite of
chatbots was the potential to reduce the burden on available
human-provided coping resources, which was also observed
with other mental health chatbots used in long-term care [47].

Lowering Barriersto Authoring Chatbots

The participants who completed the study were positive about
their use of the chatbot suite. Some benefited by learning new
coping techniques (eg, positive reframing) and others by being
reminded to take amoment out of their day to reflect. Although
our resultsare preliminary, we believe that thisinterest in using
a variety of chatbots for different problems or using multiple
chatbotsin sequence (asreported by some users) could improve
engagement and help prevent attrition in chatbot systems for
mental health—a problem observed in recent studies [48].
Although our implementation was aso faced with these
problems, akey differencein terms of solutionsisthat authoring
new content in our suite means simply authoring another shallow
chatbot, which can be done rapidly, whereas authoring new
content for a single chatbot system must be done in away that
matches existing traits (eg, personality) and norms, which can
be a limiting factor. The suite approach, we believe, sets an
expectation of new and different content, decreasing thisburden
on design and offering more opportunitiesto appeal to different
users. This unique solution could reduce the complexity and
cost of developing chatbots for mental health by shifting focus
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to simpler chatbot designs. However, our work also suggests
that relatively simple chatbots that disclose that they are not
human should still appear human and converse in human-like
ways (eg, show empathy [49]) if they are to be accepted and

engaging.

If future controlled and longitudina studies demonstrate that
suites of shallow chatbots can be effective, then another
long-term benefit of thisapproach could be the democratization
of chatbot design, which isdominated by professionalswho are
highly trained in user experience, linguistics, and other fields.
In contrast to the narrative that experts know best, in
Democratizing Innovation, Von Hippel [50] argues that users
generate significant design innovations more effectively than
experts because they are highly motivated to solve their
problems and share solutions. If we can design tools and
methods that make authoring chatbots easier (eg, reducing the
need to understand complex linguistic topics), then we can
greatly reduce barriers to authoring effective chatbots in both
multiple- and single-chatbot scenarios. We envision a future
where anyone from everyday users to clinicians looking to
augment or supplement their practice can author and recommend
shallow chatbots to others as an immediate coping resource for
daily stress. However, thisraisesthe question of challengesthat
need to be addressed, including reducing the need to learn
complex conversational design tools.

Recommendation Systems

In this study, chatbots were recommended to users at random,
but an aternative approach could be the use of a
recommendation system. Although conversational feedback
skewed positive, some chatbots performed better than others
(ie, feedback was more positive), and we theorize that installing
a reinforcement learning algorithm that can better match a
shallow chatbot to the user’s stressor could improve feedback
further. For example, we noticed in some of our conversational
logs that Doom Bot, which asks users to think about a future
worst-case scenario, is not always appropriate for dealing with
problems that exist in the past. Moreover, as our collection of
shallow chathbotsincreases, it will be almost impossible for users
to select an appropriate chatbot themsel ves, given the potential
multitude of chatbots enabled by our less cost-intensive
authoring paradigm. Similar to the study by Paredes et al [20],
such agorithms can better take into account contextual,
conversational, and prior interaction data to improve the
matching between user problem and shallow chatbot, potentialy
personalizing to the user's specific preferences over time.
Chatbots that perform well across users could help solve the
first-impressions challenge raised by our participants, whichis
an interesting solution not afforded to single chatbot systems
[8]. In contrast, chatbots that generally perform poorly will not
be recommended and thus could be discarded. In the future
system we are working toward, users would be able to author
many shallow chatbots quickly and deploy them, and the
recommendation system would play an important dual role:
recommending and curating appropriate and efficacious shallow
chatbots that fit user context and stressor.
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Ethical and Privacy Considerations

In our follow-up interviews, the participants raised concerns
related to privacy and ethical responsibilities, which our system
shares with other chatbot systems. As has been observed in
recent studies, this includes preserving user privacy, detecting
what problems the system can handle and when escalation to a
human is necessary, and clearly describing the limitations of
the system and ensuring that such systems are safe to use
[51,52]. Although wedid not necessarily discussthistopic with
all participants, we learned that participants vary in terms of
their understanding of, and preferences toward, privacy. Some
trusted the system to remain private, whereas others knew that
researchers and developers would use these data to make
improvements. Still others pointed out that the chatbots allowed
them to control the amount of information that they needed to
divulge to mitigate their stress, which was appealing and
certainly suggests that detecting something like escalating a
problem could be quite challenging when less detailed
information is being provided. This last point, we believe, is
interesting because users do have an agency, which should be
respected, but it is clear from other domains that explaining
permissions and limitations of web-based systems is a
challenging topic to get right [53]. As our system grows, we
will increasingly need to accommodate differing privacy
preferences and levels of agency with respect to important
concerns such as user safety.

Design Recommendations

Onthe basis of thisstudy, researchers and app designers engaged
in designing multiple chatbotswith asimilar architecture might
benefit from considering the following design recommendations:

1. Focus on lowering barriers to authorship and generating
numerous shallow chatbots based on the vast amount of
available psychological interventions for  stress
management.

2. Design for learning algorithms to handle recommendation
and curation of interventions.

3. Attempt to score, rank, and classify daily stressors before
assigning chatbots (interventions) to accommodate the
differences in low- and high-complexity stressors as well
as concerns about identifying problems that are too severe
for the system to handle.

4. Consider a multitude of user coping and conversational
styles, including userswho may need a guided intervention
or just an opportunity to reflect by talking or typing it out
into the void.

5. Measure user personality, chatbot efficacy, and system
engagement to optimize interactions across users.

If these problems can be addressed, then there is a red
possibility of using this design paradigm to create a new breed
of shallow chatbot systems that might be more engaging over
the long term. However, the most difficult task isto convey the
utility of these shallow chatbotsto potential usersfor daily stress
management. For the Popbots, our target group is healthy people
regularly undergoing daily stress who are less likely to use
preventive hedth systems. These users are a relatively
understudied population in mental health, making researchinto
engaging them and allowing them to explore the different

JMIR Form Res 2021 | vol. 5 | iss. 9 [€25294 | p.90
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

interventions—which are available by, for example, using
gamification or narrative approaches—an important focus for
future research.

Limitations and Future Work

In addition to the aforementioned items, some additional
limitations of this work include that the population in both
studieswas small and limited to students and staff members of
a single university, which is likely not representative of the
general population. Moreover, the population consisted largely
of women, thus introducing a potential gender skew. The field
studies were conducted during a single week, which is not
sufficient to capture long-term effects, and, despite its privacy
advantages over other platforms, Telegram is not a common
messaging app. Downloading this app represents a significant
barrier to adoption and may have contributed to attrition (eg,
4/44, 9% of participantsregistered for the study but did not sign
in to Telegram). In addition, the compensation schema used to
reduce attrition also incentivized the creation of off-topic data
and likely influenced participant behavior. Future work should
focus on monitoring and providing feedback about intrinsic
improvements and avoid extrinsic incentives.

In the short term, we plan to improve the modul arity of our suite
design, explore the possibility of adding reminders within the
system to improve consistency in use, and implement additional
user-experience improvements, including the introduction of
new chatbots that explore a larger range of interventions (eg,
somatic breathing). To address the limitations of population
and timescale in future evaluations, we aim to conduct a
randomized controlled trial with a larger sample of diverse
participants over a 4- to 8-week period with an appropriate
control group and explore additional evaluation metrics that
will make comparing the system with otherseasier (as suggested
in the study by Abd-Alrazaq et al [54]). Using the data from
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this study, we plan to create a web-based learning
recommendation system that helps pair users to our Popbots,
given their stressor and context. An extension of thisideais
creating an algorithm to detect whether the Popbots can handle
aparticular stressor and referring users to additional resources
if needed (eg, calling 911 or seeking specialized help). To create
an ecosystem of support with chatbots, we also plan to develop
an authoring tool that will empower both mental health
professionals and everyday usersto create anincreasing number
and variety of chatbots, allowing us to compare their
performance in numerous ways (eg, with other chatbots and by
author type).

Conclusions

In this study, we have presented Popbots—a suite of shallow
just-in-time chatbots that help users deal with daily stress. The
system is scalable and provides variety in delivering numerous
interventions rapidly, preventing attrition. We conducted
multiple exploratory studies on the use of these
microintervention chatbots for daily stress management,
including aWOZ feasihility study, which we used to justify our
approach of using multiple chatbots. We then iterated on the
design of thissystem and tested its efficacy in aweb-based pilot
study. Theresultsindicated that the users experienced adecrease
in depression symptoms, viewed conversations as helpful to
neutral, and came away with an increasingly positive sentiment
toward the use of chatbots for proactive stress management.
The follow-up interviews with a subset of the participants
indicated that almost half of the common daily stressors could
be discussed with chatbots, potentially reducing the burden on
human coping resources. In the future, we plan to add new
features such as web-based |earning recommendation systems
while conducting longitudinal studies on the efficacy of the
Popbots to serve as an effective public health tool.
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Abstract

Background: A high number of patients who are hospitalized with COVID-19 develop acute respiratory distress syndrome
(ARDS).

Objective: In response to the need for clinical decision support toolsto help manage the next pandemic during the early stages
(ie, when limited labeled data are present), we developed machine learning algorithms that use semisupervised learning (SSL)
techniques to predict ARDS development in general and COV1D-19 popul ations based on limited labeled data.

Methods: SSL techniques were applied to 29,127 encounters with patients who were admitted to 7 US hospitals from May 1,
2019, to May 1, 2021. A recurrent neural network that used atime series of electronic health record data was applied to data that
were collected when a patient’s peripheral oxygen saturation level fell below the normal range (<97%) to predict the subsequent
development of ARDS during the remaining duration of patients hospital stay. Model performance was assessed with the area
under the receiver operating characteristic curve and area under the precision recall curve of an external hold-out test set.

Results: For the whole data set, the median time between the first peripheral oxygen saturation measurement of <97% and
subsequent respiratory failure was 21 hours. The area under the receiver operating characteristic curve for predicting subsequent
ARDS devel opment was 0.73 when the model wastrained on alabeled data set of 6930 patients, 0.78 when the model wastrained
on the labeled data set that had been augmented with the unlabeled data set of 16,173 patients by using SSL techniques, and 0.84
when the model was trained on the entire training set of 23,103 labeled patients.

Conclusions: In the context of using time-series inpatient data and a careful model training design, unlabeled data can be used
to improve the performance of machine learning models when labeled data for predicting ARDS development are scarce or
expensive.

(JMIR Form Res 2021;5(9):€28028) doi:10.2196/28028

KEYWORDS
acute respiratory distress syndrome; COVID-19; semisupervised learning; deep learning; machinelearning; algorithm; prediction;
decision support

and underdiagnosed despite the high ARDS-associated mortality
rates and high rates of related hospital resource use [2-4].
Acute respiratory distress syndrome (ARDS) is a broadly _Conﬁdencem ARD_S diagnosis varies due to the hetefoggnaty
defined clinical syndrome associated with significant morbidity 1" disease presentation [5] as well as the heterogeneity in the

and mortality [1,2]. ARDS has been critically misdiagnosed disease’s definition [6,7]. The identification of ARDS across
clinical settings remains subjective [8], and it can be difficult

Introduction

https://formative.jmir.org/2021/9/e28028 JMIR Form Res 2021 | vol. 5 | iss. 9 [€28028 | p.95
(page number not for citation purposes)


mailto:clam@dascena.com
http://dx.doi.org/10.2196/28028
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

to diagnose the syndromein patients with underlying conditions
that have similar symptom presentations, such as pneumonia

9.

Early interventioniscritical toimproving patient outcomes, yet
there remains aneed for clinical decision support toolsthat can
accurately predict ARDS development prior to onset. Per the
current Berlin definition of ARDS [10], a radiology report is
required to diagnose ARDS. However, rapid radiology reports
are often unavailable due to a lack of access to equipment or
the lack of the consideration of ARDS by clinicians [11]. The
variability in ARDS presentation also makes it challenging to
predict ARDS devel opment by using standard machinelearning
methods, which typically require large amounts of confidently
labeled data for supervised learning [12]. Semisupervised
learning (SSL) paradigms have been applied to the tasks of
biologica data [13] classification and microRNA [14]
classification and to many similar classification tasks in the
domain of biotechnology [15-17] to address the dual issues of
poor label quality and limited data quantity. In the context of
early ARDS prediction, SSL isuseful becauseit allows for the
implicit specification of auseful gold standard. An SSL model
schemathat integrates information from many clinical features
(including radiology reports) during training but only requires
a small set of readily available clinical features to make
predictions based on test data may, in practice, be crucial to
improving early ARDS prediction. The aim of this study was

Lametd

to provide a proof of concept that SSL may be useful for
predicting ARDS onset.

Methods

Data Sets

Datafrom 7 hospital systemswere used in this study, including
data from patients who were monitored in emergency
department, inpatient ward, and intensive care unit settings. All
data were collected passively and deidentified in compliance
with the Health Insurance Portability and Accountability Act.
Patients with a length of hospital stay of at least 3 hours were
included, and positive encounters were defined by the gold
standard described in the Gold-Standard Labels section. The
data set was divided into hold-out test sets, training sets,
validation sets, and unlabeled sets, as shown in Figure 1. In
order to set aside an external hold-out test set, patients from 3
of the 7 hospital systemswere considered to beapart of thetest
set, and there was no overlap between the patients in this test
set and the patients from the remaining 4 hospital systems that
were used for the validation, training, and unlabeled sets. Of
the 25,670 patients from the nontest set, 2567 (10%) were set
aside for the validation set. Of the remaining 23,103
nonvalidation, nontest patients, 6930 (30%) were set aside for
the labeled data set, and 16,173 (70%) were set aside for the
unlabeled data set. The true label of the unlabeled data set, by
definition, was never revealed during the SSL process.

Figurel. Samplesize dlocation in the data set. ARDS: acute respiratory distress syndrome; LOS: length of stay.

All Encounters
(n=41,934)

Set Training Unlabeled Validation Testing
l sites 1-4 5-7

3<L0S (h)52000 encounters from Last Step 32,249 4058
(n=36,307) minus recent ARDS 31,448 3927

minus ventilator started

before algorithm is

triggered 31,128 3,908

minus already on Ventilator

when algorithm is triggered 31,020 3814

subtotal 25,670 3457

split 1 90% 10% 100%

split 2 30% 70% 100% 100%

final counts 6930 16,173 25667 3457

Gold-Standard L abels

A patient was defined as developing ARDS if anew diagnosis
of ARDS based on International Classification of Diseases
(ICD) codes appeared in the patient’s chart and if we could
verify (ie, by using the physiologic time-series data) that the
patient experienced respiratory failure. A new code was defined
as a code that appeared after admission and was not present
during the 1000 hours leading up to admission. In total, 7
outcomes were labeled for each patient, as follows:

https://formative.jmir.org/2021/9/e28028

1 A clinical diagnosis of ARDS was determined by using
ICD codes. The ARDS ICD codes used were J80, J96.0,
J96.2, J96.9, and 518.81.

2. Respiratory failure was defined according to the accepted
criteria for respiratory failure (a peripheral oxygen
saturation [SpO,] level of <92% or a partial pressure of
oxygen [PaO,]/fraction of inspired oxygen [FiO,] ratio of
<300) [18]. Thesewere approximately corresponding points
on the oxygen-hemoglobin dissociation curve, and they
allowed us to identify the earliest possible time point in
which respiratory failure occurred, even when the PaO,
level had not been measured. The prediction of ARDS
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development leading to respiratory failure was the primary
task, and the area under the receiver operating characteristic
curve (AUROC) and area under the precision recall curve
(AUPRC) were computed and reported based on thislabel.
Although they were not the primary focus of this paper,
secondary auxiliary outcomes were used as well.

3. A COVID-19 diagnosis was defined as a positive
polymerase chain reaction test for new COVID-19 ICD
codes—U07.1, B97.21, B97.29, J12.81, and B34.2.

4. Acute kidney injury was defined by using the following
ICD codes: N17, N19, and R34.

5. A broad class of thrombosis was defined by using the
following ICD codes: 112, 126, 163, 167, 174, 180, 181, and
182.

6. Sepsiswasdefined by using thefollowing ICD codes: A40,
A41, R65.2, T81.12, T81.44, 085, and 086.04.

7. Patients were labeled according to whether—after a drop
in SpO, (below 97%)—they were eventually placed on

mechanical ventilation.

Onset Time

Thetime point for which the algorithm prediction was outputted
wasthefirst time point when the SpO, level fell below thelower
range of norma (SpO,<97%). This was referred to as the
prediction time. The onset time for ARDS-positive encounters
was defined as the first time point at which any ARDS-related
ICD code was found in a patient’s electronic health record
(EHR). The onset time for respiratory failure was the first time
point when the SpO, level fell below 92% or the PaO,/FiO,
ratio fell below 300. To find these time points, our data
processing function first analyzed all of the SpO, values that
were measured for any given patient; if any measurementswere
<97%, we saved the date-time entry. After this below-97%
measurement was collected, we proceeded to determine if the
following two later events occurred:

1. Theaddition of an ARDSICD codeinto the EHR. If found,
the date-time entry for this event was saved, and the
date-time entry for the below-97% SpO, event was
subtracted from that of the subsequent measuring event
before converting the time difference to hours and plotting
the datain a histogram.

2. The subsequent measuring of an SpO, level of <92% or a
PaO,/FiO, >ratio of <300. If found, the date-time entry for
this event was saved, and the date-time entry for the
below-97% SpO, event was subtracted from it before
converting the time difference to hours.

Input Features

ARDS predictions were made by using a defined set of data
types or features across al hospitals, regardless of the data
availability at a particular hospital. Model input features were
chosen based on the efficiency at which the features could be
extracted from EHRs, feature availability, and consultation with
clinicians. For example, most definitions of ARDSrequirelung
findings to be present in the absence of heart failure [3]. The
feature availability for the data set is presented in Figure S1in
Multimedia Appendix 1. The model input features consisted of
the following: age, gender, the initiation of antibiotics prior to

https://formative.jmir.org/2021/9/e28028
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the prediction time, the initiation of supplemental oxygen prior
to the prediction time, a history of heart failure, systolic and
diastolic blood pressure, heart rate, temperature, respiratory
rate, SpO, level (pulse oximetry), creatinine level, blood urea
nitrogen level, bilirubin level, glucose level, the international
normalized ratio, white blood cell count, red blood cell count,
platelet count, percent neutrophil count, percent lymphocyte
count, percent monocyte count, hematocrit level, lactate level,
aspartate transaminase level, and alanine transaminase level.
Not al featureswererequired for the model to make aprediction
of ARDS onset.

Data Processing

The time-series data were organized as a matrix with rows that
represented features and columns that represented update time
steps. This method of organizing time-series clinical data was
the same method used by Che et a [19]. Each column
represented atime step in which an update had occurred for one
of the features. For simplicity, the first 6 rows represented the
following constant features: age, male gender, female gender,
the initiation of antibiotics prior to the prediction time, the
initiation of supplemental oxygen prior to the prediction time,
and a history of heart failure. Except for age, which was
normalized by using the mean and SD of the training set, the
remaining constant features were coded as 1 or 0. The time
seriesfeatures each had 2 rows—one row contained missingness
masks (ie, measurementsthat were current for agiven time step
were coded as 1; otherwise, they were coded as 0), and the other
row contained the normalized value of current measurements.
Further, arow was used to denote the minutes that had passed
since the last time step. This was normalized according to the
mean and SD of the duration of time between time stepsin the
training set. To manage memory usage, we set alimit of 32time
steps prior to the prediction time. For patients with less than 32
time steps prior to the prediction time, we performed
zero-padding and represented the resulting values as missing
data by using a 0 in the missingness mask row. Details of our
missing data processing methodology are presented in Table
S1in Multimedia Appendix 1.

Machine Learning Modes

Therecurrent neural network (RNN) wasimplemented with the
PyTorch package (version 1.40) in Python 3.6 [20]. The
demographics and time series measurements were organized
into a sequence of vectors and normalized before being passed
to the RNN component of the model by using a normalization
layer, as follows:

n(v) =a® ([v-ul/fo+e]) +b(1)

In equation 1, n(v) is a normalization function that learns the
parameters mean (l), SD (o), scaling factor a, and trandation
factor b to normalize vector embeddings (v). The symbol “ ©”
is the Hadamard product (also known as the element-wise

product). € was set to 1€’ to prevent division-by-zero errors.
For the RNN, a sequence module—a 2-layer gated recurrent
unit (GRU) [21] with 64 hidden units—was used. A soft
attention module was used to assign scoresto each time step in
the sequence. The attention score was a learned importance
weight for each time step. This weight was converted into a
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probability distribution and multiplied by each sequence's
deepest hidden activation in the GRU to create aweighted sum
of the activations, which is caled the context vector. We
concatenated the context vector to the final GRU embedding
and passed this vector to a2-layer feed-forward neural network
to produce an output vector for classification. The output vector's
length (7 dimensions) was equal to the number of target labels.
The intermediate layer before the output logits was a 64D
representation of each patient, which was referred to as the
penultimate embedding. Similar to the method used by Bahdanau
et a [21], the score of the attention neural network was
parameterized by a feed-forward neural network, as follows:

score(l, h) = K Ctanh (A Cprelu(B Ch([l, h]))) (2)

In equation 2, tanh and prelu denote the hyperbolic tangent
function and parameterized rectified linear unit nonlinearity
functions, respectively. | denotes the last value in the sequence
and the deepest hidden activation in the GRU, h denotes each
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and any hidden activation in the deepest layer of the GRU in
the sequence, and [1, h] denotes the concatenation of and into a
longer vector (the length of the individual vectors were added
together). K, A, and B denote the learned matrix parameters of
the neural network. The symbol “[1 denotes matrix
multiplication.

The whole GRU-RNN, attention module, and classification
module were end-to-end differentiable, which alowed for
optimization from input to output. The attention neural network
was a mechanism of the RNN that allowed for higher quality
learning. Rather than summarizing atime series of vectors, the
attention neural network assigned each vector a score according
to how important the vector wasin terms of allowing the model
to make aprediction. Assuch, the attention network mechanism
allowed the RNN to focus on specific parts of theinput, thereby
improving model performance. The RNN model schema is
presented in Figure 2.

Figure 2. RNN model schema. ARDS: acute respiratory distress syndrome; DiasBP: diastolic blood pressure; GRU: gated recurrent unit; HR: heart
rate; RespRate: respiratory rate; RNN: recurrent neural network; SpOs: peripheral oxygen saturation; SysBP: systolic blood pressure; Temp: temperature.
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Each point in the RNN model schema was representative of a
neuron. The neurons received data input from vital signs and
laboratory measurements that were recorded in EHRs. At each
layer, the RNN combined information from the current and
previous time points to update the activations in the deepest
hidden layer of the GRU, which, when combined with the
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importance-weighted average generated by the attention neural
network, created asummary of all time-series data—the context
vector. Thelast layer was afeed-forward neural network, which
used the activation size of the last deepest hidden state in the
GRU combined with the context vector (64+64=128) as input
data. With this RNN schema, the model was trained to predict
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the primary and auxiliary target labels simultaneously and to
evaluate aloss function based on all targets.

Model Training

Overview

Our method of SSL was a combination and adaptation of the
methodol ogy that was previously developed by Li et al [22] and
Xie et d [23]. Rather than performing whole-document and
image classification, which were conducted in these prior
studies, our models were designed to perform their prediction
task by using multivariate time-series data. Our models were
tasked with predicting ARDS onset in both the genera
population and patients with COVID-19.

Initial Pseudolabeling

Our methodology builds on our prior work [24]; we simplified
the prediction time and inputsfor the model. The RNN wasfirst
trained on the labeled training set, without making use of the
unlabeled set, until convergence occurred in the validation set
(keeping the model with the most minimal validation loss). The
first RNN was called the pseudolabeler or initial teacher. The
initial teacher was used to predict the probability of future
ARDS and auxiliary target development for every patient in the
unlabeled set. The mean probability was used as the threshold
for the temporary label (the pseudolabel). If the initial teacher
assigned a probability that was higher than twice the mean
probability for that sample, the sample was considered to be
positive and added to the SSL pseudolabeled data set for this
cycle of training. If the initial teacher assigned a probability
that was below the mean, the sasmple was considered to be
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negative and added to the SSL pseudolabeled data set. The
remaining samples were not used for this cycle of training
because they were considered to be “ unconfident.”

Semisupervised Relabeling

An RNN was used as the semisupervised learner or student
machine learning algorithm. For each cycle of SSL, the student
machinelearning algorithm wastrained on the combined labeled
and pseudolabeled training set. Afterward, it was fine-tuned on
thelabeled training set. The student machine learning agorithm
then became the teacher for the next cycle of SSL by relabeling
the pseudolabeled (unlabeled) training set. The SSL training
setup was not meant to perform well on the auxiliary targets;
instead, the 6 auxiliary outcomes were used as a multitasking
form of regularization for the primary problem. The validation
set was used for both hyperparameter selection and the
prevention of overfitting only with respect to the ARDS outcome
and not with respect to the other outcomes. The pseudolabeling
and selection of “confident” labels for the next SSL cycle was
performed only with respect to the ARDS outcome and not with
respect to the other outcomes. A new RNN was initialized, and
the cycle was repeated. Modelsweretrained for 40 epochs, and
the model with the best validation set performance was saved
(Figure 3).

RNN training was performed by using the Adam optimizer [25]
with adecay scheduler to scale down the learning rate (starting
from 0.001) by a factor of 0.9 when the multiclass binary
cross-entropy lossincreased over 2 epochs. A batch size of 2048
was parallelized over 4 NvidiaTeslaM 60 (Nvidia Corporation)
graphics processing units.

Figure 3. Semisupervised learning schema. The colored network represents the initiation of a new model.
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predictive value, and negative predictive value. The initial
teacher performance on the test set defined the baseline
performance that SSL was meant to improve upon. In addition
to reporting this SSL performance, to define a ceiling for
performance, we also compared SSL performance to the
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performance of amodel that was trained on the labeled set and
unlabeled set by using the gold-standard labels for both sets
instead of the pseudolabels. This model, which was trained on
the nonvalidation, nontest patient data, was referred to as the
all data model. Principal component analysis and t-stochastic
neighbor embedding were used to conduct dimensionality
reduction and perform a cluster analysis on the RNN's
intermediate representations.

Results

Demographically, patients with ARDS were similar to patients
without ARDS. Except for cardiovascular disease, including

Table 1. Demographic information for the test population.
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heart failure, patients with ARDS had a higher incidence of
chronic pulmonary disease, hypertension, diabetes, and obesity
(Table 1).

The median time interval from the prediction time until the
onset of ARDS, which appeared as a diagnosis in patients
EHRs, was 59 hours. The median time interval from the
prediction time until the onset of respiratory failure, which
appeared as a drop in ,/FiO, ratio of <300, was 21 hours.
Histograms of thetimeintervalsfor the whole data set are shown
in Figure 4, and those for the test set are shown in Figure S2 in
Multimedia Appendix 1.

Demographic characteristics

Patients with ARDS? (n=3383), n (%)

Patients without ARDS (n=74), n (%)

Age (years)
18-30 93(2.7)
30-39 131 (3.9)
40-49 156 (4.6)
50-59 373 (11)
60-69 577 (17.1)
=70 1886 (55.7)
Sex
Mae 1649 (48.7)
Female 1734 (51.3)
Race and ethnicity
Non-Hispanic White 61 (1.8)
Non-Hispanic Black 23(0.7)
Non-Hispanic Asian 1(0)
Hispanic 3290 (97.3)
Non-Hispanic other 2(0.2)
Unknown race or ethnicity 4(0.0)
Comorbidities
History of chronic pulmonary disease 126 (3.7)
History of cardiovascular disease 551 (16.3)
History of chronic heart failure 158 (4.7)
History of hypertension 242 (7.2)
History of diabetes 186 (5.5)
History of cancer 343 (10.2)
History of obesity 73(2.2)

3(4.1)
5(6.8)
6(8.1)
8(10.8)
14 (18.9)
34 (45.9)

36 (48.6)
38 (51.4)

3(4.1)
1(1.4)
0(9)

70 (94.6)
0(9)
0(0)

9(12.2)
19 (25.7)
6(8.1)
14 (18.9)
11 (14.9)
13 (17.6)
5(6.8)

8ARDS: acute respiratory distress syndrome.

https://formative.jmir.org/2021/9/e28028

RenderX

JMIR Form Res 2021 | vol. 5 | iss. 9 |€28028 | p.100
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Lametd

Figure 4. Prediction look-ahead times until (A) ARDS onset and (B) respiratory failure. The time until ARDS onset is the time after admission until
any care provider adds the International Classification of Diseases code for ARDS into the electronic health record. The time until respiratory failure
is the time after admission until the first measurement of an SpO,, level of <92% or a partial pressure of oxygen/fraction of inspired oxygen ratio of
<300. These samples reflect the total data set. ARDS: acute respiratory distress syndrome; SpO,: peripheral oxygen saturation.
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The performance results of the initial teacher model and the
semisupervised RNN model on the test data set are provided in
Table 2. The best validation performance was achieved on cycle
3 of 4 during SSL training.

Theresultsin Table 2 indicate that by using 16,173 unlabeled
samples, we were able to use SSL to improve the model that
was trained on the 6930 labeled samples. The amount of
improvement was nontrivial compared to the performance that
was possible when the model was trained on al data. The
AUROCsand AUPRCsfor theteacher, SSL, and al datamodels
on the hold-out test set are presented in Figure 5. The same
curves for auxiliary targets are provided in Figure S3 in
Multimedia Appendix 1. Dataon the subset of 489 patientswith
COVID-19inthetest set are shownin Figure S4in Multimedia
Appendix 1.
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The attention weights generated by the RNN were probed to
visualize the signals that were attended to by the RNN. This
method was used to implicitly describe theimportance that was
assigned to each feature by the model and provided some clues
about model interpretability. For each patient in the test set, the
time step with the greatest attention weight was extracted. This
wasthefocustime step. Thefeature vector at thistime step was
interpreted as a z score for the subset of features that were
measured during this particular time step. For example, avalue
of —0.5 in the heart rate dimension would denote that the heart
rate is half an SD lower than the mean. For each time varying
feature, we accumulated these directional inflections across al
focus time steps and plotted a normalized heat map (Figure 6).
Consistent with our intuition, the time steps with the greatest
attention weights had large negative inflections in SpO, level

and large positive inflections in respiratory rate.

Table 2. Teacher and semisupervised learning model performance on test set.

Semisupervised

Performance indicator Initial teacher model  learning model All data model
Area under the receiver operating characteristic curve 0.73 0.78 0.84
Areaunder the precision recall curve 0.035 0.045 0.065
Sensitivity 0.76 0.78 0.78
Specificity 0.55 0.61 0.72

Positive predictive value 0.020 0.023 0.033
Negative predictive value 0.995 0.996 0.996
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Figure5. The (A) AUROCs and (B) AUPRCs for the predictions of acute respiratory distress syndrome onset made by the teacher, SSL, and all data
models on the hold-out test set. AUPRC: area under the precision recall curve; AUROC: area under the receiver operating characteristic curve; SSL:

semisupervised learning.
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Figure 6. Featureinflection heat map. The mean z score of each time-varying feature at the time step with the greatest attention weight is shown. ALT:
alanine transaminase; AST: aspartate transaminase; BUN: blood urea nitrogen; DiasBP: diastolic blood pressure; HR: heart rate; INR: international
normalized ratio; RBC: red blood cell count; RespRate: respiratory rate; SpO,: peripheral oxygen saturation; SysBP: systolic blood pressure; Temp:

temperature; WBC: white blood cell count.
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Discussion

Principal Findings

We present a method of SSL for the early prediction of ARDS
development. To address the challenges of poor label quality
and limited data quantity, which make it difficult to predict
ARDS development by using standard machine learning
methods, we developed a method of SSL whereby confidently
labeled datawere assigned to alabel ed data set and used for the
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testing, validation, and training of the RNN machine learning
model. In the SSL scheme, the RNN model |learned the latent
representation of ARDS that was present in unlabeled data and
expanded its own understanding of gold-standard labels. In
doing so, the model established arelational link between asmall
set of commonly available clinical features and ARDS without
needing to explicitly learn the Berlin definition of ARDS. To
supplement the comparatively small labeled training data set,
an unlabeled data set was pseudolabeled by an initial teacher
RNN model. The pseudolabel ed datawere used for pretraining
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and were iteratively re-pseudolabeled by an evolving
RNN-based machine learning model after the model was
fine-tuned on the labeled training set. The SSL method was
capable of accurately predicting ARDS development and was
a considerable improvement over the baseline teacher model.
Since the model was constructed by using a small subset of
clinical features and outperformed a baseline model that was
trained only on the small subset of labeled data, in practice, the
model could be applied in settingswhere many clinical features
are not available and settings where existing ARDS labels are
incomplete or of low quality.

The paradigm described in this study differs from those in
similar published machine learning studies because we apply
an SSL methodology to the task of predicting the devel opment
of a severe respiratory condition (ie, a complication of
COVID-19). In the case of other clinical conditions for which
similar methodol ogies have been implemented (eg, predicting
sepsis [26] and detecting microaneurysms and vascular lesions
[27-29]), elements of the clinical definitions of such conditions
can often be matched by using widely available EHR data.
However, in the case of ARDS, measurements that can be used
to create reliable gold-standard labels are not as widely
available. This lack of data availability is detrimental to the
supervised training of an ARDS prediction tool, as there may
be many patient encounters that cannot be labeled as those
involving ARDS and may in fact involve an episode of ARDS.
If we had restricted ourselvesto a supervised learning approach,
which has been applied in the context of other clinical prediction
tasks[30-32], our optionsfor working with unlabel ed datawould
have been limited. Alternatively, assigning these encounters a
label of non-ARDS would have undermined the interpretation
of performance metrics. We were therefore motivated to apply
an SSL methodology to the task of ARDS prediction not only
by the potentia to improve upon our prior work [24] and to
addressnew clinically relevant applications of machinelearning,
but also by the need to approach ARDS prediction in a
fundamentally new way to address the practical challenges
associated with a lack of reliably labeled retrospective data.
Importantly, the prediction tool developed in this study can be
used to accurately predict ARDS development without the
requirement of radiographic data or subjective interpretation.
Among general populations and COVID-19 populations in
settings where radiographic information may not be available,
the tool could be used to provide advance warning for ARDS
onset and may allow for timely intervention. This would be
particularly impactful for health care providers working in
regions of lower socioeconomic status, where funding for
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advanced medical infrastructure and access to vaccines are
limited, as these regions are known to have a higher incidence
of burdens resulting from severe COVID-19 [33]. In addition,
the SSL approach can leverage asmall amount of costly labeled
data (eg, during radiographic or manual adjudication by
physicians for pseudolabeling a large amount of training data)
to improve model performance.

There are several limitations to this study that lend themselves
to opportunities for future work. To make the model applicable
to a wide variety of clinical care settings, we simplified the
model input features. Over the course of testing the SSL model,
we also observed that model performance varied acrossclinical
settings. It is possible that some hospitals may have collected
featuresthat were moreimportant to making predictions or that
features may have been collected more frequently in some
hospitalsthan in others. In addition, most SSL methodsinvolve
some form of data augmentation in addition to pseudol abeling,
and it remains an open question as to how to best perform data
augmentation with clinical time-series data. In future work, we
aim to determine if reinforcement learning is a suitable and
mathematically rigorous methodology for the augmentation of
clinical time-series data. Moreover, as we stressed earlier,
predicting true ARDS development by using the Berlin
definition requires radiology data. In the future, we would like
to include radiology datain our model and compare the model
presented in this study to the Berlin gold standard. On the other
hand, our attention weight heat map (Figure 6) aimsto provide
insight about what signals were most attended to by the RNN.
Although it provides useful data, information such astemporal
change and the waveform of signals are lost in the heat map.
Finally, model performance was only assessed based on
retrospective patient data, and we were therefore unable to
determine how the modelsmight perform in prospective settings.
Prospective validation is required to evaluate the impact of
model predictions on patient outcomes.

Conclusions

An SSL model was developed and externally validated for early
ARDS prediction in both the general population and patients
with COVID-19. Higher performance was achieved by the SSL
model compared to that of the baseline teacher model for the
general intensive care unit patient population. The
semisupervised machine learning methodology allowed for
early ARDS prediction in amanner that successfully mitigated
the challenges that are commonly associated with a lack of
reliably labeled data.
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Abstract

Background: Accessto mental health services continues to be a systemic problem in the United States and around the world
owing to a variety of barriers including the limited availability of skilled providers and lack of mental health literacy among
patients. Individuals seeking mental health treatment may not be aware of the multiple modalities of digital mental health care
availableto addresstheir problems (eg, self-guided and group modalities, or one-to-one care with aprovider). In fact, one-to-one,
in-person treatment is the dominant care model with a masters- or doctoral-level trained mental health provider, and it may or
may not be the appropriate or preferred level of care for an individual. Technology-enabled mental health platforms may be one
way to improve accessto mental health care by offering stepped care, but more research is needed to understand the care modality
preferences of digital mental health care seekers because additional modalities becomeincreasingly validated as effective treatment
options.

Objective: The purpose of this study wasto describe and eval uate the predictors of care modality preferences among individuals
enrolled in a technology-enabled stepped mental health care platform.

Methods:  This exploratory, cross-sectional study used employee data from the 2021 Modern Health database, an
empl oyer-sponsored mental health benefit that uses atechnol ogy-enabled platform to optimize digital mental health care delivery.
Chi-sguare tests and one-way analysis of variance (ANOVA) were conducted to eval uate associations among the categorical and
continuous factors of interest and the preferred care modality. Bivariate logistic regression models were constructed to estimate
the oddsratios (ORs) of preferring aone-on-one versus self-guided group, or no preferencefor digital mental health care modalities.

Results: Data were analyzed for 3661 employees. The most common modality preference was one-on-one care (1613/3661,
44.06%). Approximately one-fourth of the digital mental health care seekers (881/3661, 24.06%) expressed a preference for
pursuing self-guided care, and others (294/3661, 8.03%) expressed apreference for group care. The ORsindicated that individuals
aged 45 years and above were significantly more likely to express a preference for self-guided care compared to individuals aged
between 18 and 24 years (OR 2.47, 95% CI 1.70-3.59; P<.001). Individuals screening positive for anxiety (OR 0.73, 95% ClI
0.62-0.86; P<.001) or depression (OR 0.79, 95% CI 0.66-0.95; P=.02) were more likely to prefer one-on-one care.

Conclusions:  Our findings elucidated that care modality preferences vary and are related to clinical severity factors and
demographic variables among individual s seeking digital mental health care.

(IMIR Form Res 2021;5(9):€30162) doi:10.2196/30162
KEYWORDS
stepped care; technology; mental health care; patient-centered care

https:/formative.jmir.org/2021/9/€30162 JMIR Form Res 2021 | vol. 5 | iss. 9 |€30162 | p.107
(page number not for citation purposes)


mailto:myra@joinmodernhealth.com
http://dx.doi.org/10.2196/30162
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Introduction

Equitable access to mental health services continues to be a
systemic problem in the United States and around the world
[1]. Barriersto treatment for mental disordersinclude attitudinal
barriers (eg, treatment skepticism) and structural barriers (eg,
insufficient mental health workforce) [2]. An especially potent
structural barrier to accessing mental health services is that
prospective patients have challenges identifying and accessing
viable treatment options [3], a key element of menta health
literacy [4]. Importantly, individuals seeking mental health
treatment may not understand the range of options available to
address their problem, let alone expressing preferences for
different modalities of receiving digital mental health care (eg,
self-guided or group care, and one-to-one care with aprovider).
In fact, the dominant care model of one-to-one, in-person
treatment involving a masters- or doctoral-level trained mental
health provider may or may not be the appropriate or preferred
level of care for an individual. This model of care, which
reguires access to trained and often expensive mental health
specidlists, partialy explains the worldwide treatment gap in
mental health care, asonly afraction of individual swith mental
health needs receive treatment [5,6]. As a result, health care
delivery systems have attempted to develop solutions that
increase patient accessto avariety of care options and account
for barriersto treatment such aslow mental health literacy and
provider shortages. These models are known as “ stepped care”
approaches, which attempt to match patients to care options
based on symptom severity and perceived needs[7,8].

Although they are not regularly available to the genera
population, technology-enabled mental health platforms may
be one way to improve access to mental health care [9]. These
platforms have the potential to streamline and optimize mental
health care by matching patients’ presenting problems, severity,
and treatment modality preferences. Importantly, these platforms
have the potentia to create an opportunity for individuals to
accessthe treatment modality that matchestheir primary mental
health concern while simultaneously improving mental health
literacy and removing astructural barrier. These platformsallow
patientsto enter key demographic information, complete clinical
assessments, describe their preferred areas of treatment focus,
and express preferencesfor treatment modalities. The platforms
then deploy an agorithm that accommodates and synthesizes
this information, and patients are “matched” with a treatment
approach and modality that considerstheir concerns and severity
needs. Although these platforms have the potential to improve
mental health outcomes, they are not regularly integrated into
the existing mental health infrastructure.

Additionally, technol ogy-enabled mental health platforms have
the potential to optimize access to mental health services by
facilitating stepped care in digital mental health treatments.
Although there are many people seeking mental health care,
some care seekers may not need or want traditional one-on-one
psychotherapy given their presenting problem and severity level.
A recent study that assessed care modality preferences found
that lessthan half (44.5%) of patientswith depression preferred
in-person psychotherapy over digital mental health treatments
(self-, peer- or provider-guided treatment) [10]. The stepped
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care approach positsthat many care seekerswould benefit from
less resource-intensive treatments such as self-guided or
group-based digital mental health treatments, which are more
scalable than individual, in-person psychotherapy treatments.
For certain populations with subclinical symptoms or areas of
concern outside of traditional psychopathology, there may be
no supporting evidence or need for individua psychotherapy
from expensive and difficult-to-find specialists.

As more evidence-based modalities of receiving digital mental
health care emerge— including self-guided interventions
delivered viatheinternet or mobile health (mHealth) technology
[11,12], group-based videoconferencing [13], and
video-delivered individual psychotherapy sessions with a
provider [14]—it is essential to better describe and understand
the predictors of patient preferences for these modalities of
digital mental health care. Prior research has demonstrated that
individuals express preferences for mental health care when
asked, and when those preferences are not met, the psychological
outcomes are affected [15]. Existing clinical guidelines aso
encourage providers to incorporate patient preferences when
evaluating treatment options wherever possible [16]. To
facilitate patient-centered stepped care, more research is needed
to understand care modality preferences because additional
digital mental health treatments are becoming increasingly
validated as effective options.

The purpose of this exploratory cross-sectional analysis of
existing data was to examine modality preferences among
individuals seeking digital mental health treatments through a
technology-enabled, stepped care platform. We analyzed data
from employees who registered with Modern Health, an
employer-sponsored mental health benefit that uses a
technology-enabled platform to optimize mental health care
delivery. Our aim wasto describe the care modality preferences
of digital mental health treatment seekers and evaluate the
associations among demographic factors, clinical factors, and
the primary reasons for seeking care. We hypothesized that
digital mental health care seekers with demographic
characteristics  traditionally  associated  with  fewer
treatment-seeking behaviors, such as being older (40 years and
above) and being males, would be more likely to state a
preferencefor self-guided care rather than traditional one-on-one
treatment. We also hypothesized that individuals with higher
levels of clinical severity would be more likely to state a
preference for one-on-one care.

Methods

Intervention

Modern Health utilizes a stepped care approach to mental health
care by directing users to the appropriate level of care when
initiating treatment. All usersanswer aseriesof questionsduring
registration to determine if their care needs correspond to
preventive care, moderate clinical care, or high clinical care.
The platform assesses clinical needs aswell as each user’s care
modality preferences to tailor treatment recommendations.
Given that the study period coincided with the COVID-19
pandemic, only digital mental health treatments were available
to the users of the platform and included the following:
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self-guided digital courses, group support viavideoconferencing,
one-to-one telecoaching with in-app texting, and one-to-one
teletherapy (video-delivered individual psychotherapy sessions)
with alicensed mental health specialist. The self-guided digital
courses include guided meditations and modules that cover
topics such as cognitive behavioral therapy, stress management,
resilience and coping, burnout, and establishing healthy habits.

Participants

The participants were employees (N=3661) who registered to
use a mental health benefits platform between February 18,
2021, and April 9, 2021, and had provided complete registration
data. Because Modern Hedth gradually rolled out the
registration assessment, participants with missing data do not
reflect poor responses but rather differences in when the
registration portal was updated for different users. We analyzed
data from individuals who were 18 years or older, had access
to a smartphone, tablet, or computer, completed all baseline
assessment questionsthrough the Modern Health platform, and
had their demographic data recorded. This study was reviewed
by the WIRB-Copernicus Group Institutional Review Board
(WCG IRB) and determined to be exempt from Institutional
Review Board oversight.

Procedures

Eligible employees register for Modern Health using a mobile
app or viaawebsite. Upon registering, participants complete a
baseline assessment that includes the World Health
Organization-5 Well-being Index (WHO-5), Patient Health
Questionnaire-2 (PHQ-2), Generalized Anxiety Disorder 2-item
(GAD-2) questionnaire, and a questionnaire about their primary
focus areas and their care modality preference.

M easures

Demographics
Employers optionally provided the gender and age data for

employees dligible to use the Modern Health benefit prior to
registration.

Well-being

Well-being was assessed using the WHO-5, a robust and
unidimensional assessment of subjective well-being that has
high psychometric validity as well as adequate sensitivity and
specificity to screen for depressive symptoms|[17]. Scoresrange
on the percentage scale from 0 to 100 with higher scores
indicating greater well-being.

Depression

The PHQ-2 was used to screen for depression. The PHQ-2 asks
individuals if they have been feeling down, depressed, or
hopeless and if they have had littleinterest or pleasurein doing
things. The score totals range from 0 to 6 and cutoff scores
higher than 3 are considered a positive screen for depression.
In arecent study of community-based participants, the PHQ-2
showed a sensitivity of .64 and specificity of .85, which were
comparable to the longer version of the scale, the PHQ-9 [18].
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Anxiety

The GAD-2 was used to screen for anxiety. The GAD-2 is a
psychometrically robust screener for anxiety that asks
participants if they have been feeling nervous, anxious, or on
the edge and if they have had difficulties in being able to stop
or control worrying. Thetotal scores onthe GAD-2 range from
0to 6, with scores higher than 3 indicating a positive screen for
a clinically significant anxiety disorder. In a recent study of
community-based participants, the GAD-2 showed a sensitivity
of .71 and a specificity of .69, which were comparable to the
longer version of the scale, the GAD-7 [18].

Topic Selection

Thetopicsthat participants selected during onboarding as their
reason for visiting the platform were organized by their
corresponding well-being dimensions (“my emotions,” “my
physical well-being,” “my relationships,” and “my finances”).
They selected these from a pre-established list of potential
topics, such as anxiety, depression or low mood, improving my
relationships and communication, burnout, and general
professional development. The participants could not enter their
own topics; they had to choose from the pre-established list.

Functional I mpairment

An item adapted from the WHO Short Disability Assessment
was used to assess functional impairment. Participants were
asked, “In the past 2 weeks, (topic selections) have made it
difficult for me to function in my life at home and work.” The
response options followed a Likert scale including “strongly
agree,” “agree,” “neither disagree or agree” “disagree” and
“strongly disagree.”

Care Modality Preferences

Caremodality preferenceswere assessed for individuals seeking
digital mental health treatments on the platform by asking,
“When it comes to improving my mental health, | prefer to
work:...” Participants were able to select a single answer from
the following response options: “on my own (self-guided, at
my own pace),” “with a small group (live community sessions
led by care professionals),” “one-on-one (meet with a care
professional),” or “I’m not sure.”

Statistical Analysis

Data cleaning and analysis was performed using R (version
4.0.3), astatistical software. WHO-5 scores were mean-centered
and scaled to improve interpretability during regression
modeling, such that a value of O represents the mean and an
increase of 1 unit represents a difference of 1 SD. A complete
case analysiswas performed such that an individual’sdatawere
only included if registration was completed and demographic
datawere avail able. Descriptive statistics were used to describe
the demographic, clinical, and primary reasonsfor seeking care,
and care modality preference characteristics of the sample.
Chi-sguare and Kruskal-Wallis tests were used to evaluate
associations between the categorical and continuous factors of
interest and the preferred care modality, respectively. Bivariate
logistic regression model swere constructed to estimate the odds
ratios (ORs) describing the relative differences in the odds of
selecting self-guided or group modalities or being unsure of
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modality preferences compared to the odds of a preference for
one-on-one care within each factor of interest.

Results

Descriptive Data

The mean age of respondents was 35.2 years (SD 9.4; range
19-74). The sample comprised mostly females (2113/3661,
57.7%). Respondents reported mean well-being scores of 43.33
(IQR 28; range 0-100), which can be interpreted as reduced
well-being according to a commonly used cutoff score of 50
[17]. The primary topic selection endorsed most frequently by
respondentswas“my emotions’ (1772/3661, 48.4%), followed
by “my professional life” (707/3661, 19.3%), “my relationships’
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(560/3661, 15.3%), “my physical well-being” (549/3661, 15%),
and lastly, “my finances’ (73/3661, 2%). Approximately 35%
of the sample (1271/3661) screened positive for anxiety, and
22.4% of the respondents (819/3661) screened positive for
depression. The most selected care modality preference was
traditional one-on-one care (1613/3661, 44.06%).
Approximately one-fourth of the respondents (881/3661,
24.06%) expressed a preference for obtaining self-guided care.
Less than 10% of the respondents (294/3661, 8.03%) reported
a preference for small-group care options, whereas nearly a
quarter of the respondents (873/3661, 23.85%) were unsure of
their preferred treatment modality. The demographic, clinical,
and topic selection characteristics differed significantly across
caremodality preferences. Table 1 presents the descriptive data.
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Table 1. Descriptive statistics and associations between preferred care modalities and demographic, clinical, and primary reasons for seeking care.

Factor Care modality preference P value
Total (N=3661) Onmyown(self- One-on-onecare  With asmall group (live I'm not sure
guided) (n=881, (meetwithacare community sessionsledby (n=873,
24.06%) professional) care professionals) (=294, 23.85%)
(n=1613, 44.06%) 8.03%)
Age (years), n (%) <.0012
18-24 243 (6.6) 58 (6.6) 119 (7.4) 15 (5.1) 51 (5.8)
25-34 1900 (51.9) 397 (45.1) 925 (57.3) 141 (48) 437 (50.1)
35-44 895 (24.4) 214 (24.3) 393 (24.4) 75 (25.5) 213 (24.4)
45+ 623 (17) 212 (24.1) 176 (10.9) 63 (21.4) 172 (19.7)
Sex, n (%) <0012
Female 2113 (57.7) 443 (50.3) 955 (59.2) 181 (61.6) 534 (61.2)
Male 1548 (42.3) 438 (49.7) 658 (40.8) 113 (38.4) 339(38.8)
Subjective well-being (WHO-5° score) <.001°¢
Mean 43.33 47.56 40.63 47.01 42.81
IQR 28 28 32 24 28
Median (range) 44 (0-100) 48 (0-100) 40 (0-100) 44 (0-92) 40 (0- 100)
PHQ-29 screening result, n (%) <.0012
Negative depressionscreen 2842 (77.6) 762 (86.5) 1172 (72.7) 236 (80.3) 672 (77)
(score<3)
Positive depression screen 819 (22.4) 119 (13.5) 441 (27.3) 58 (19.7) 201 (23)
(score=3)
GAD-2° screen result, n (%) <.0012
Negative anxiety screen 2390 (65.3) 703 (79.8) 911 (56.5) 217 (73.8) 559 (64)
(score <3)
Positive anxiety screen 1271 (34.7) 178 (20.2) 702 (43.5) 77 (26.2) 314 (36)
(score >3)
Functional impairment, n (%) <0012
Strongly agree 455 (12.4) 57 (6.5) 288 (17.9) 22(7.5) 88(10.1)
Agree 1536 (42) 308 (35) 726 (45) 121 (41.2) 381 (43.6)
Neither disagreenor agree 864 (23.6) 231 (26.2) 329 (20.4) 74(25.2) 230 (26.3)
Disagree 579 (15.8) 200 (22.7) 200 (12.4) 54 (18.4) 125 (14.3)
Strongly disagree 227 (6.2) 85 (9.6) 70 (4.3) 23(7.8) 49 (5.6)
Primary focusarea, n (%) <.0012
My emotions 1772 (48.4) 327 (37.1) 896 (55.5) 129 (43.9) 420 (48.1)
My finances 73(2) 26 (3) 27 (1.7) 7(2.4) 13 (1.5)
My physical well-being 549 (15) 242 (27.5) 104 (6.4) 59 (20.1) 144 (16.5)
My professional life 707 (19.3) 200 (22.7) 284 (17.6) 62 (21.1) 161 (18.4)
My relationships 560 (15.3) 86 (9.8) 302 (18.7) 37 (12.6) 135 (15.5)

8Pearson chi-square test.

BWHO-5: World Health Organization-5 Well-being Index.
Kruskal-Wallis test.

9PHQ-2: Patient Health Questionnaire-2.

€GAD-2: Generalized Anxiety Disorder-2.
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Associations Between Demographic Char acteristics
and Care Modality Preferences

The results of the multinomial logistic regression analysis are
presented in Table 2. Preferring a self-guided care modality
over one-on-one care with a provider was significantly
associated with older age, being males, higher well-being,
screening negative for anxiety or depression, and reporting less
functional impairment. The ORsindicated that individuals aged
45 and above were significantly morelikely to prefer self-guided
care over one-on-one care compared to individual s aged between
18 and 24 (OR 2.47, 95% CI 1.70-3.59; P<.001). Respondents
identifying themselves as males were also significantly more
likely to prefer self-guided care (OR 1.43, 95% CI 1.22-1.69;
P<.001). More reports of well-being predicted a preference for
self-guided care (OR 1.45, 95% ClI 1.34-1.58; P<.001).
Individuals who screened positive for anxiety (OR 0.33, 95%
Cl 0.27-0.40; P<.001) or depression (OR 0.42, 95% CI
0.33-0.52; P<.001) were significantly less likely to prefer
self-guided care. The likelihood of preferring self-guided care
was significantly lower among individuals who neither agreed
nor disagreed (OR 0.58, 95% CI 0.40-0.83; P=.003), agreed
(OR 0.35, 95% CI 0.25-0.49; P<.001), or strongly agreed (OR
0.16, 95% CI 0.11-0.25; P<.001) that their topic selection caused
functional impairment. In addition, individuals who selected
“my finances’ (OR 2.64, 95% Cl 1.52-4.59; P=.001), “my
physical well-being” (OR 6.38, 95% CI 4.9-8.29; P<.001), or
“my professional life” (OR 1.93, 95% Cl 1.55-2.41; P<.001)
as their topic were significantly more likely to prefer a
salf-guided modality compared to individualswho reported “ my
emotions’ as a primary area of focus.

A preference for a group care modality over one-on-one care
with a provider was significantly associated with older age,
higher well-being, screening negative for anxiety or depression,
and reporting less functional impairment. Respondents aged 45
and above were significantly more likely to prefer group care
(OR 2.84, 95% Cl 1.54-5.22; P<.001). More reports of
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well-being also predicted apreferencefor group care (OR 1.41,
95% Cl 1.24-1.60; P<.001). Individuals who screened positive
for anxiety (OR 0.46, 95% CI 0.35-0.61; P<.001) or depression
(OR 0.65, 95% CI 0.48-0.89; P=.007) were significantly less
likely to prefer group care. The likelihood of preferring group
care over one-on-one care was significantly lower among
individuals who agreed (OR 0.51, 95% CI 0.30-0.84; P=.009)
or strongly agreed (OR 0.23, 95% CI 0.12-0.44; P<.001) that
their topic selection had resulted in functional impairment.
Respondents who indicated that “my physical well-being” was
their primary area of focus were significantly more likely to
prefer a group care modality (OR 3.94, 95% Cl 2.72-5.70;
P<.001), aswasthe casefor respondentswho reported that “ my
professional life” was their primary area of focus (OR 1.52,
95% Cl 1.09-2.11; P=.014).

Being unsure about one's preference for treatment over
one-on-one care with a provider was significantly associated
with older age, greater well-being, screening negative for anxiety
or depression, and reporting less functional impairment.
Individuals aged over 45 years were more likely to be unsure
about their treatment modality preference (OR 2.28, 95% CI
1.54-3.37; P<.001). Individuals reporting higher well-being
weresignificantly morelikely to be unsure about their treatment
modality preference (OR 1.13, 95% Cl 1.04-1.23; P=.005).
Individuals who reported “my physical well-being” as their
primary topic were significantly more likely to report that they
were unsure about their treatment modality preferences (OR
2.95, 95% Cl 2.24-3.90; P<.001).

Screening positive for anxiety (OR 0.73, 95% CI 0.62-0.86;
P<.001) or depression (OR 0.79, 95% CI 0.66-0.95; P=.019)
was significantly associated with a preference for one-on-one
care. The likelihood of preferring one-on-one care was
significantly higher among individual swho strongly agreed that
their topic selection had caused functional impairment (OR
0.44, 95% Cl 0.28-0.68; P<.001).
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Table2. Comparison of care modality preferences based on bivariate multinomial logistic regression results for relative associations between preferred
care modalities and demographic, clinical, and primary reasons for seeking treatment.

Factor Care modality preference distribution Self-guided vs 1:1 with  Group vs 1:1 with Unsurevs 1:1 with
provider provider provider
1:1(Refd Self-guided Group Unsure ogp 95%  Pvalue OR 95%  Pvdue OR 95%  Pvalue
(%) (%) (%) (%) Cl Cl Cl
Age (years)
18-24 (ref) 49 239 6.2 21 1 _c — — - — — - —
25-34 48.7 20.9 7.4 23 08 0.63- .46 121 0.69- .50 11 078 .58
123 213 1.56
35-44 43.9 239 8.4 238 112 0.78- 54 151 0.84- .17 12%6 088 .21
159 273 183
45+ 28.3 34 101 276 247 1.7- <.001 283 154- 001 228 154- .001
3.59 5.22 3.37
Sex
Female (ref) 452 21 8.6 253 1 — — - — — — - —
Male 425 28.3 7.3 219 143 1.22- <.001 091 0.7- .50 02 0.78- .30
1.69 117 1.09
Subjective well-being
WHO-5scored ™ — — — — 145 1.34- <.001 141 1.24- <.001 113 1.04- .005
158 1.60 123
Depression
NegativePHQ—Ze 41.2 26.8 8.3 23.6 1 —_ —_ —_ —_ —_ —_ —_ —_
screen (ref)
Positive PHQ-2  53.8 145 7.1 245 042 0.33- <.001 066 048- .007 0™ 0.66- .02
screen 0.52 0.89 0.96
Anxiety
NegativeGAD-Zf 38.1 29.4 9.1 234 1 — — — — — — — —
screen (ref)
Positive GAD-2  55.2 14 6.1 24.7 033 0.27- <.001 046 0.35- <.001 073 0.62- <.001
screen 04 0.61 0.86
Functional impair ment
Strongly agree 63.3 125 4.8 19.3 016 0.11- <.001 023 0.12- <.001 04 028 <.001
0.25 0.44 0.68
Agree 47.3 20.1 7.9 24.8 035 0.25- <.001 051 0.3- .009 07/ 051- .14
0.49 0.84 11
Neither agreenor 38.1 26.7 8.6 26.6 058 0.4- .003 068 0.4- A7 1 0.67- .99
disagree 0.83 117 149
Disagree 345 345 9.3 21.6 o0& 057- 31 08 047- 50 089 058 .60
119 144 137
Strongly disagree  30.8 374 101 216 1 — — - — — - — —
(ref)
Primary focus area
My emotions 50.6 185 7.3 23.7 1 — — —_ — — —_ — —
(ref)
My finances 37 35.6 9.6 17.8 264 152- .001 18 0.77- .18 1B 052- .94
4.59 4.22 2.01
My physical 18.9 44.1 107 262 638 4.9- <.001 3% 272- <.001 2% 224- <.001
well-being 8.29 5.7 39
My professional  40.2 28.3 8.8 228 198 155 <.001 12 1.09- .014 121 097- .10
life 241 211 152
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Factor Care modality preference distribution Self-guided vs 1:1 with  Group vs 1:1 with Unsurevs 1:1 with
provider provider provider
1:1(Ref®d Self-guided Group Unsure b 95%  Pvalue OR 95%  Pvalue OR 95%  Pvaue
(%) (%) (%) (%) Cl Cl Cl
My relationships  53.9 154 6.6 24.1 078 0.6- .07 08% 058 .41 0% 075> .70
1.02 1.25 12

%Ref: reference.
POR: odds ratio.
®Not applicable.

YWHO-5: World Health Organization-5 Well-being Index. The scores are mean-centered and scaled to improve interpretability.

€PHQ-2: Patient Health Questionnaire-2.
fGAD-2: Generalized Anxiety Disorder-2.

Discussion

Principal Results

This study revealed that in a large sample of adults seeking
digital mental health care with accessto an employer-sponsored
mental health benefit, fewer than half of the respondents
indicated that they preferred one-to-one care. Nearly one-fourth
of the respondents did not have a modality preference, and the
remaining sample preferred self-guided care or group care,
revealing substantial variability in care modality preferences
for this population of digital mental health care seekers. Given
that mental health providers have expressed concern that stepped
care prioritizes economic benefits and discounts patient
preferences[19], our study substantiates that stepped care may
not only be a more scalable and equitable approach to mental
health care, but it also has a more patient-centered model.

Our study also revealed that in this population of digital mental
health care seekers, those who selected one-on-one care were
more likely to have screened positive on the depression or
anxiety screener, reported less well-being, endorsed greater
functional impairment, and identified “my emotions’ as the
primary reason for seeking care. Thus, participants who
preferred one-on-one care generally reported clinical severity
factors and treatment focus areas, indicative of a greater need
for higher levels of care. Thisfinding suggeststhat in astepped
care delivery model, outpatient care seekers may have care
modality preferences that are informed by their symptom
severity, validating the need for a stepped care approach to
mental health care. Such an approachiscritical not only because
it considers patient preferences for trestment, but it also allows
for a more scalable model of mental health care. To elucidate
this point, consider aworld with no neighborhood pharmacies
to accommodate nonlife-threatening care needs; individualsin
need of health care would be left with no other choice but to
seek out atop-of-license medical doctor for all medical ailments,
regardless of symptom severity (eg, dry cough) and personal
treatment preference (eg, trying over-the-counter medication
first). Using a medical stepped care metaphor as a framework
reveals that a mental health care landscape without a range of
care options commensurate with varying degrees of symptom
severity is antiquated.

For stepped care approaches toward mental health care to
become viable, ethical, and patient-centered, it is essential to
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understand patient factors associated with different modality
preferences. Although the largest number of participants (45%)
expressed a preference for traditional one-on-one treatment,
nearly half of the participants indicated a preference for
self-directed care (24%) or being unsure of their preference
(24%). Older age, being males, lower overall distress, and
negative depression and anxiety screening results were
significantly predictive of a preference for self-guided digital
care. Thissuggeststhat many adults would prefer a self-guided
digital approach to manage the challenges associated with
subclinical psychological distress. Thisalignswith prior research
that men and middle- and older-aged adults tend to seek less
help for psychological distress [20,21]. Notably, our study
revealed that 25% of the participants were unsure regarding
their care modality preference. Participants unsure about their
preference were morelikely to be older than 45 yearswith lower
overall distress, and negative depression and anxiety screening
results. Theseresultsindicate that more psychoeducation about
care modalities may be warranted for up to a quarter of
care-seeking individuals to help patients self-determine their
care preferences. Given that our sample included only
individual swhose employers offered the Modern Health mental
health benefit, it may be reasonable to assume that this is a
particularly well-educated and well-resourced population. These
results are likely to be more exaggerated in the general
population that tends to have less mental health access and
literacy. Future research should investigate the relationship
between mental health literacy and prior experience with mental
health care with perceived needs and preferences for different
types of mental health care.

Technology-enabled mental health care delivery systems, though
not commonly availableto the general public, havethe potential
to approach psychological carein away that is patient-centered
and individualized to patient preferences and needs for
treatment. Importantly, technology-enabled mental health
platforms have the ability to ensure that patient care is
collaborative between patients and providers and that patient
values guide clinical decisions [22]. This study revealed that
traditional one-on-one mental health care, which is frequently
regarded as the “gold standard,” may not be preferred to the
same extent across patients. When presented with the
opportunity to choose, some patients prefer group care,
self-directed treatment, or care options that are less rigidly
structured (eg, meeting with a coach when needed instead of
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once a week/every week for months, meeting for 30-minute
sessions, having check-ins once a month, and support via text
messaging). A technol ogy-enabled platform can customize care
options based on preferences and perceived needs.

Limitations

The sample of respondents in the current study is a relatively
homogenous group of primarily younger adults having access
to the Modern Health mental health benefit through their
employer. Similarly, these respondents arelikely to be generally
healthier, better educated, and more financially stable than the
general population, given their affiliation with the Modern
Health employer-based benefit. As aresult, these findings may
not be generalizable to a more diverse sample. Future research
should seek to confirm these results in a community-based
sample with greater heterogeneity in the respondent
characteristics. Another limitation of this study is that certain
demographic variables were not collected (eg, race, ethnicity,
and income); thus, our ability to completely characterize the
samplewas hindered. Future research can build upon this study
to more comprehensively characterize the demographic variables
associated with care modality preferences. Additionaly, this
study did not enquire participants about their previous
experiences with mental health care, which isafactor likely to
inform treatment modality preferences and mental health

Kozlov et d

literacy. Future studies can seek to understand additional factors
that influence patient preferences for mental health treatment
modalities.

Conclusions

This study revealed that care modality preferences for digital
mental health treatment are variable based on demographic
factors aswell as clinical severity and area of focus indicators.
This suggests that care modality preferences align with the
innovations in mental health care delivery; one-on-one care
with aprovider is no longer the only or necessarily best option
for many care seekers, asinternet-delivered group and self-paced
interventions have also shown strong clinical effectiveness for
certain populations [14,23,24]. To provide efficient, scalable,
and patient-centered mental health care, it isessential to continue
understanding how best to funnel care seekers into different
treatment modalities within a stepped care model. Our study
reveal ed several key clinical and demographic factorsthat were
associated with different care preferences, but future research
should investigate how other important patient-level
factors—including mental health literacy, race, ethnicity, and
prior experience with the mental health care systems—impact
care modality preferences and how adigning care
recommendations with modality preferences affects care usage
and treatment outcomes.
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Abstract

Background: The gap between research and its practical application in community settings limits its impact on public health.
Closing this gap has the potential to improve the well-being of underserved groups, such as children with disabilities. Mobile
health has the potential to improve access to community resources and support for underserved populations, thereby encouraging
improved health behaviors.

Objective: In this feasibility pilot study, we describe the development of the mobile app Jooay. Jooay was developed in
partnership with stakehol dersto facilitate accessto lei sure and physical activity community programsfor children and youth with
disabilities. We also reflect on the lessons learned throughout the implementation process that are relevant for improving the
health behaviors of children with disabilities.

Methods: We used a participatory action research approach to develop the app. We also administered a survey to current Jooay
users and analyzed various app usage indicators to explore use patterns, user feedback, and preferences. Finally, we critically
appraised the implementation process through a best practices for implementation research framework.

Results: We developed a product that responds to users' identified need to find information and follows accessibility and
user-centered design standards. The analysis of usage data revealed that access to the Jooay app is concentrated in urban areas.
Perceptions, attitudes, and information needs varied according to the type of user. The use of the mobile app changed over time,
and usage decreased after the app was downloaded, indicating a need for the sustained engagement of app users. Users found
value in the ability to identify activities that they would not otherwise know about. However, app use alone was not sufficient to
improve participation. Although the app was developed based on users’ active input in multiple iterations, we encountered
challenges with survey recruitment and attrition, suggesting the need for more seamless and engaging means for collecting data
within this population.

Conclusions: Interactions between users and the app can sustain user engagement and behavior change. We will improve the
app’s next iterations by using the information gained from this study to conduct a larger study to assess the relationship among
social and material deprivation, urban design, and access to inclusive and adaptive leisure programs. This study will inform the
improvement of app listings to improve the use of Jooay by different user groups and promote health through mobile apps for
marginalized groups.
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Introduction

Background

I mplementation research involves studying research uptake and
its effect on the outcomes of multiple stakeholders [1,2]. In
medicine and public health, a significant gap remains between
research knowledge and action, limiting the direct impact of
research on hedth [1]. Closing this gap requires the
consideration of multiple contextual variables, consideration of
technology use, and other strategiesto improve health behaviors
[1].

Innovative strategies for facilitating changesin health behavior
are particularly important for underserved communities and
populations. People with disabilities comprise approximately
15% of the global population and are at risk of poor health
outcomes [3]. Children and youth with disabilities face
challenges in accessing health services and health-promoting
activities[4]. They rarely meet the recommended standards for
physical activity and have lower physical activity levels than
their peers [5-8]. They also have a higher prevaence of
noncommunicable diseases, such as obesity, diabetes mellitus,
and coronary artery disease [8], and are disproportionately
affected by environmental, socioeconomic, and interpersonal
barriers to healthy lifestyles [8]. Although parents or other
caregivers (hereafter caregivers) value their children’s
participation in physical activities, they face multiple
participation challenges, such as inadequate access to adapted
programs and inclusive settings [9-11].

Health promotion initiatives can improve outcomesfor children
living with adiverse range of social, emotional, and behavioral
disabilities [12-14]. Contextual factors that can serve as
participation barriers or facilitatorsfor children with disabilities
include information about activities, the cost of activities, the
accessibility of facilities, and the presence of trained staff and
support [3,15-19]. The alignment of needs of people with
disabilitieswith effective health promotion initiatives can foster
better health outcomes, provide a sense of empowerment, reduce
health disparities, and improve overall individual quality of life
and community well-being [15].

Mobile health (mHealth) is gaining primacy for the creation of
targeted, accessible, and context-appropriate health promotion
solutions. mHealth toolsinclude various devices, software, and
solutions that use mobile phones to improve hedlth [20].
Potential benefits include time savings, convenience, and
improved access to underserved populations [21-23]. mHealth
tools have a soimproved health behaviors among young people
and in chronic disease management [14,24,25].

Although there have been severa pilot studies on mHealth
interventions, knowledge gaps remain regarding the appropriate
development and use of mHealth to promote health equitably
[22]. Preliminary studies suggest that users of mHealth are

https://formative.jmir.org/2021/9/e23877

younger, more educated, have better health, and belong to a
higher income group than nonusers[26]. Despiteitspromisein
improving health, mHealth may actually exacerbate health
disparities if underserved populations do not have access to
digital tools and the ability to develop literacy in using them.

In addition, research on mHealth has not yet sufficiently
demonstrated efficacy, effectiveness, user engagement, effective
scale-up, and competitive value [21,27]. Many mHealth efforts
have been inadequately designed for implementation and
evaluation [21]. Evaluations that do exist do not prioritize data
disaggregation, limiting considerations of equity and impact
for marginalized groups [21,22].

Objective

In this study, we explore the feasibility of mHealth to improve
access to information on community-based inclusive leisure
activities for children with disabilities. Our specific objectives
are to (1) describe the development process of the mHealth
solution and (2) identify use patterns and user preferences. The
secondary objective is to establish the feasibility of using a
mobile app to test behavior change and to pilot test data
collection through app analytics and users.

Understanding the development, implementation, and uptake
of mHedth can facilitate the design and use of future
technologies for health promotion in high-risk groups. The
knowledge gained will also inform the scale-up of the app and,
more broadly, the field of implementation research.

Methods

Overview

In this pilot feasibility study [28], we asked the following
guestion: can amobile app be developed in collaboration with
stakeholders and used to promote health behavior changes in
children with disabilities, and if so, how? (feasibility
component). We also conducted a pil ot study to assess the extent
to which the app supports health behavior change (pilot
component). In this paper, we describe the app devel opment
process and the results of a small-scale survey with a subset of
app users.

We adopted a hybrid implementation research design [29],
whereby the intervention or solution is developed and tested
concurrently instead of using thetraditional approach, inwhich
development is conducted before theintervention istested with
the population comesfirst and thenistested out in the population
followed by testing. The value of hybrid designs residesin the
possibility of cocreating knowledge while simultaneously
incorporating and testing intervention improvements. Multiple
iterations required in a technology development project make
the hybrid design an optimal approach to effectively test and
implement user-responsive mHealth-based interventions.
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Ethical approval for this study was obtained from the McGill
University Institutional Ethics Review Board as well as the
Centre for Interdisciplinary Research in Rehabilitation.

Figure 1. Integration of theoretical frameworks. mHealth: mobile health.
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Theoretical Frameworks

Several theoretical frameworks informed our approach and
study objectives. Figure 1 illustrates the integration of these
frameworks with the project objectives and procedures.

ation on community-hased inclusive leisure activitics for children with disabilitics,

Peter's Implementation Framewor] 3

Pracess Development
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[ Participatory Action: Iterative Stakeholder Advisory I

The overall approach to app development and evaluation was
based on the participatory action research (PAR) framework
[30]. PAR aims to share power between researchers and those
being researched. Our approach wasthusreflective and iterative
and involved multiple stakeholders throughout the research
process, from the elaboration of the initial research question to
app development and evaluation.

The overarching objective and the devel opment process (specific
objective 1) were informed by the best practices for
implementation research prescribed by Peters et a [31].
Specifically, we used the following steps. (1) identify the
audience and how they will usetheresearch; (2) clearly describe
the program, practice, or policy being implemented; (3) examine
the implementation strategy thoroughly; (4) describe the
real-world context and sample population clearly; and (5)
appropriately consider outcome variables of theimplementation.
The last 2 steps consider specific context variables and
appropriately consider changesin contextual factors over time,
unintended consequences, and system complexity, which will
be considered in future studies.

To expand on step 5 (appropriately considering outcome
variables of the implementation), we adopted the Health
Behavior Framework [32]. This framework includes a detailed
consideration of outcome variables related to the expected
implementation (ie, use of mHeal th technol ogy, the Jooay app).
The elements of the framework informed the key aspects to
consider while identifying users patterns and preferences
(specific objective 2). Determination of the feasibility of use
requires a comprehensive understanding of the variables
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involved in the health behavior change proposed by this
framework.

mHealth Tool Development

Overview

Our pilot intervention tool is Jooay, a free mobile app that
aggregates information on leisure activities for children and
youth with disabilities aged 6-21 years in Canada. The Jooay
app was launched in the spring of 2015 on iOS and other web
platforms. The version used for this pilot study listed
approximately 1000 activitiesdistributed in 5 of the 10 Canadian
provinces.

Stakeholder Forums

First, we organized 4 stakeholder forums across the Canadian
provinces. Participants were a purposeful sample of youth with
disahilities, caregivers of children with disabilities, health and
education providers, policy makers, and community organization
leaders. They were invited by pediatric rehabilitation center
collaborators and city leisure departmentsin Montreal, Toronto,
Calgary, and Vancouver.

Each forum was a 1-day event with the following objectives:
(2) to present the current research evidence on determinants of
leisure participation for children and youth with disabilitiesand
(2) to identify strategies to improve access to leisure
opportunities for children and youth with disabilities across
Canada.

Using abusiness canvas model [33], participants were grouped
according to the stakeholder group to which they belonged
(health care providers, caregivers, youth with disabilities, policy
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makers, and grassroots organizations) and were asked to
consider barriersto accessto leisure participation. Subsequently,
they were grouped into mixed groups representing different
stakeholders to discuss implementation solutions to promote
the participation of children with disabilities.

Each participant was invited to write their selected top solution
on acard. Instructionswere that the top solution depicted inthe
card should be actionable, be feasible, and have an impact on
the participation levels of children with disabilities. Participants
then engaged in a prioritization exercise in which they
exchanged cards and, in pairs, compared and ranked 2 ideas.
The solution that ranked higher at the end of 5 rounds of paired
ranking was considered the one that, according to the forum
participants, would yield the highest impact on participation in
leisure for children with disabilities. The solution ranked asthe
most feasible and promising solution to overcome systems
barriersand promote participation in leisure acrossthe 4 forums
was “[a]n electronic list of inclusive and adapted activities”
Participantsin each forum volunteered to form aworking group
to support the development of the idea.

Advisory Group

The Jooay app was developed in 2 phases. (1) prototype
development and (2) test version devel opment.

A convenience sample of 5 users (2 caregivers, 1 physical
educator, and 2 occupational therapists [OTs]) and several
research team members (including community organization
leaders and physical and recreational therapists) provided input
into the user interfface development, user experience
development, and final test versions during both phases.

A larger group of stakeholders comprising clinicians (OTsand
physical therapists), physical educators, caregivers of children
with disabilities, and representatives of community organizations
congtituted the user partners who provided input during the
development phase of the app. These stakeholders provided
insights into the best features and types of information to be
listed and wereinvolved in the conception of the app, thetesting
of multiple versions, and the development of the research
protocols to address the feasibility and pilot testing of the app.
The stakeholders were chosen based on the following
considerations. (1) willingness to participate; (2) direct
experience working or advocating for children with disabilities;
and (3) representation across diverse areas of involvement that
included pediatric rehabilitation centers, school boards,
community organizations, newsletters of organizations, and
networks related to adapted leisure and addressing caregivers
of children with disabilities.

A dynamic protocol for testing and responses was established
using a collaboration platform and the research team made
connections between the developers and user testers.

Prototyping and Test Versions Development

User Experience

The mobile app was initially developed as a prototype during
a hackathon (weekend event grouping developers, user
experience designers, programmers, and project managers). The
first test version was devel oped for iOS, Android, and the web.
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It was made available to users free of charge through regular
channels (App Store, Google Play, and website).

Development

A partnership with an external mobile app developer was
necessary to secure further development, and multiple funding
sourceswere required to attain industry standards. Suggestions
that arose from user partners and technol ogy devel opersresulted
in the creation of 3 native platforms for iOS, Android, and the
web.

Core technology developments included mandatory
implementation of full accessibility protocols for mobile and
web platforms (including voice-over, voice control, color
contrast, and easy access—a feature available in the iOS and
Android accessibility protocols where buttons and number of
clicks to action are reduced). An accessibility consultant was
hired to test and assess these features during devel opment.

Content

The participants provided important information on preferences
for the type of information displayed for each activity listed.
The selection of included domains had an impact on
development cost; therefore, there was an assessment of the
most relevant information componentsto be retained in the app.

The final domains reflected stakeholders' preferences for
information and included activity description, types of
equipment required, type of disability (eg, physical, intellectual,
or those classified as all are welcome), cost, and time frame.
The same decision agorithm was used to create filters within
the map search as well as to collect basic demographic
information from users when they registered to use the app.

Stakeholders also suggested alist of other resourcesto belisted
on Jooay, such as reference links to other types of supports
toward leisure participation, such as respite care and support
groupsfor youth and caregivers, research related to leisure, and
the Jooay web-based Facebook community. Our user partners
supported the devel opment of the survey questions by reviewing
the initial questions and providing feedback on how to phrase
the questions, question content, and structure (eg, options for
participants to suggest other fields or useful resources that
should be added to the app). They also supported survey
distribution to alarger sample of community organizations and
rehabilitation centers, in addition to the list of app users, and
acted as champions to disseminate the survey and the app as a
product to other users.

Activities in the app were initially populated on the basis of
pre-existing lists of adapted and inclusive leisure activitiesfrom
pediatric rehabilitation centers in the targeted provinces and
schools serving children with disabilitiesin 6 provincial capitals
across Canada. Using the key terms identified on the websites
of these organizations, the research team searched for additional
activities and continued populating the app database.

Data Collection and Sample

This pilot project used 2 sources of data: (1) analytics of the
Jooay app users and (2) electronic surveys sent to registered
participants.
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Participants

Through a preliminary analysis of app anaytics data from
approximately 600 users, we determined that approximately
half were health or education service providers and the other
half were caregivers of children with disabilities. No further
sociodemographic information was required from the users
upon registration. Furthermore, 2 different surveys were
subsequently developed to target service providers and
caregivers. This pilot study was conducted with all app users
who had registered with the app using their email. Registration
was not amandatory requirement to gain accessto information
on Jooay.

A total of 273 of approximately 600 user emails were initially
available. Additional users who downloaded the app and
registered during the 6-month data collection period aso
received an invitation to participate. A brief explanation of the
study and survey links were also posted through social media
channels, specifically through parent support groups and the
Jooay page on Facebook, asking app users who might not have
registered emails to complete the survey. Study knowledge
brokers in pediatric rehabilitation centers, school boards,
community organizations, newsletters of organizations, and
networks related to adapted leisure and addressing caregivers
of children with disabilities also shared information about the
app and survey. Additional participants in the regions where
the activities were published on Jooay at the time of the study,
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namely, the 6 provinces—Alberta, British Columbia, Quebec,
Nova Scotia, Saskatchewan, and Ontario—were targeted in
addition to existing users of the app.

Participants were required to own a smartphone, have access
to the internet, and understand English or French. Users aged
<13 years were excluded from the survey, given that 13 was
the established minimum age to own social media accounts,
such as Facebook and Twitter, and the legal age required to
download Jooay from the App Store. Assent was required for
participants aged <18 years.

Procedures

Potential participantsreceived an email with abrief explanation
of the study and a link to a web-based survey on REDCap
(Research Electronic Data Capture; developed by Vanderbilt
University) hosted in a research database. Participants were
prompted to provide consent before theinitiation of the survey.
A tota of 5 invitations were sent by email within a 2-week
interval.

Confidentiaity and anonymity of survey responseswereensured
by deidentifying survey responses. Participant emailswere only
used to prompt their participation in the study and were not
associated with their answers. A 2-step password-protected
REDCap account accessible only to the survey team was used
to ensure data privacy. The survey questions analyzed as part
of this pilot study are provided in Textbox 1.
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Textbox 1. Survey questions analyzed as part of this study.
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Questions about the app and app use

2. Was information in the following sections helpful in finding activities?
. cost

o typeof activity

o  description of activity

o typeof disability

« location

. agerange
o schedule
e  season

e  reviewsor ratings

« other links and related information

non

Questionswith "agree," "neutral," or " disagree" responses
1. The app iseasy to use

2. The app has a comprehensive list of existing activities

3. Theinformation on the app is accurate

How did you learn about Jooay?

1. Social media

2. Health or education professional

3. Other sources (which one?)

Open-ended questions

2. What are main issues of the app?

3. Do you intend to uninstall the app? (yes or no)
If yes, explain why (open ended)

Questions about health behavior

(yesor no)

found in the app? (not at al, alittle-moderately, or alot)
If participation improved, explain why (open ended)

Sociodemographic questions
1. Your age (respondent)
2. Age of the person with disabilities for whom you're using the app info

3. Province of residence

1. Rank the relevance of the current existing features of the app (are these sections important in helping you find an activity to pursue?)

1. What feature you would like to see in the app that is currently not available?

1. The person for whom the app information is being used (child, client, or student) has engaged in regular leisure activities before using the app?

2. My child, client, or student participation in leisure has increased because of information

3. The activities in the app fits my, my child’s, or my client’s needs (yes—moderately—no)

Analysis

After the REDCap surveys were distributed [34], responses
were exported into SPSS (IBM Inc), and responses from the
English and French surveys were merged. Descriptive analyses
were conducted for participant characteristics, app usage
patterns, and preferences for app features and information. We
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also explored the associations between the sociodemographic
characteristics of caregivers (age and gender), with perceptions
of app features, app use patterns, and other characteristics.

The question of power calculation is often a challenge in
assessing the impact of mHealth tools on health outcomes [35],
given the challenges of generating asignificant sasmplesizeand
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reducing attrition. This pilot study also aimed to set parameters
for sample size calculations for future research using this

mHealth tool.

Results

The results of the development process and feasibility testing
are presented in the context of the 2 guiding theoretical
frameworks: the Implementation Framework and the Health
Behavior Framework. We identify which domains of these
frameworks are addressed in each of the following sections.

Development Process of the mHealth Solution

Implementation Framework: |dentifying the audience and how
they will use the research

Table 1. Development process and outputs.

Shikako et al

Health Behavior Framework: Health policy environment, health
or community care system, community capacity and engagement,
and social advocacy

More than 200 stakeholders representing diverse groups
participated in the devel opment process of the mHealth solution.
An average of 50 participants in each of the 4 stakeholder
forums identified that a mobile listing of leisure activities was
the most desirable and feasible solution to promote participation
in leisure activities for children with disabilities.

Table 1 describes the main steps of development, the strategies
adopted, and the main outputs in each step. Figure 2 shows
screenshots of the final app that was devel oped.

Steps of development Strategy Output
Needs assessment «  Stakeholder forum «  Mobile app with dynamic and interactive list of leisure activitiesin the
community, based on geolocation (close to where children live)
Design and prototyping «  Hackathon «  Branding to represent multiple disability groups; English and French lan-
guages
User interface «  Stakeholder advisory «  Accessihility features beyond basic protocols
«  Minimum information requirements upon registration
« Additional information asked for research from users (eg, sociodemographics)
« Additiona information given to users (eg, research about leisure and respite
care)
« Domains
User experience o  Stakeholder advisory «  Accessibility featuresinclude visua impairment, cognitive impairment,
testing of map functions, and multiple platform accessibility features (iOS,
Android, and web)
«  Easy accessto key information by different users: parents versus service
providers
Test versions o  Stakeholder advisory »  Sustainable ways to provide feedback from users to devel opers (email)
o  Collaboration platform (Trello;
developed by Atlassian)
o Third part development compa:
ny
Pilot version « Publicat large «  Need to create community among users (eg, chat or group interactions)

Sustainability: maintenance of updated information is crucial; maintenance
of technology in each of the native platforms (cost)

Crowdsourcing: make possible for organi zations and usersto suggest activi-
ties

Troubleshooting: need for ongoing technology support to maintain the app
relevant users’ satisfaction-expected health outcomes
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Figure 2. Screenshots of the fina product (Jooay App).
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Stakeholders in the forums represented a range of health and
policy environments, communities, and health care systems.
They presented the key factors for the use of the app in the
health and community environments (eg, information that should
be added to make the mHealth solution relevant). Stakeholders
in the forums and in the advisory group aso contributed the
listings that they currently had in the municipal, local listings
of activities to the database and engaged in social advocacy.

User Patterns and Preferences

Implementation Framework: Examining the implementation
strategy thoroughly, describing the sample population clearly

Table 2. Survey participants’ characteristics (N=93).
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Health Behavior Framework individual variables: knowledge,
health beliefs, social norms and supports, cultural factors and
beliefs, barriers and supports, and structural factors

A total of 239 participants received the survey. The response
rate was 38.9% (93/239). Table 2 includes participant
characteristics. Twenty-four participants responded to the
question about age of the person for whom they were seeking
activities. From those 62% (15/24) of participantsindicated that
they were seeking information for children aged 4-12 years.

Sample characteristics

Participant, n (%)

Caregivers of children and youth with disabilities
Health care or education service providers
Youth with disabilities
Other stakeholder groups
Livingin urban area
Caregivers
Service providers
Gender (female)
Caregivers

Service providers

38 (41)
20 (22)
4(4

31 (67)

31(82)
18 (92)

34 (89)
15 (76)
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Participants were asked to rank the relevance of app features.
Participants reported that the most useful information was age
range and location, followed by the activity type and description
of activity. Most participants found that information in all
sections of the app was helpful; sections that had less
information, such as reviews and ratings (which is expected

Figure 3. Perception of users about the helpfulness of app sections.

Shikako et a

because the app is new and not many reviews had been done
yet), were perceived as less helpful (Figure 3). The links
provided in the settings sections included research summaries
and were among the least useful sections, along with activity
schedule, probably due to the frequent change in schedules,
making the information not accurate.

HYes MNo
6.3 6.3
12.5 12.5
18.8 18.8
25 25

| | 313 313 313
Type of Type of  Activity  Location Rating Reviews Schedule Season Agerange Cost Links
disability  activity description provided in

Settings

Participants were asked to indicate (open-ended questions) the
features they would like to see added to the app. A tota of 34
participants responded to this question, and their responseswere
categorized asfollows: devel opment of aweb-based community
or forum (13/34, 38%), a means to track their participation in
leisure and physical activities (8/34, 23%), positive promptsfor
action (7/34, 20%), and apoints or rewards system to incentivize
participation (6/34, 18%).

When asked about their concernswith the app, the main negative
feedback wasrelated to the insufficiency of listings (9/26, 35%),
followed by the lack of activities in the regions where
participantsworked or lived (4/26, 15%). Half of the respondents
agreed that the app was easy to use and accessible. However,
37% (10/26) disagreed that it was comprehensive, and 62.5%
(16/26) indicated that they were neutral about whether the
information was accurate. Although 85% (17/20) of the service
providersusing the app noted that they did not intend to uninstall
the app, 72% (27/38) of the caregivers said they might intend
to.

We asked participants to identify how they heard about the
Jooay app as a means of increasing our understanding of how
information spreads in this population. Overall, 22% (20/93)
of respondents indicated social media as their source of
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information, followed by those who indicated that they heard
about it from their physical therapist, OT, or recreational
therapist (18/93, 20%); 32% (30/93) indicated other sources,
such as word of mouth or through advertising in hospitals.

Respondents had the opportunity to respond to open-ended
guestions on whether the app contributed to increased child
leisure participation, and if so, how. One of the waysin which
participants indicated that the app contributed to increased
participation in leisure was by raising their awareness of
community resources and programs. Service providers
(clinicians and educators) who responded to the survey noted
that they had used the app to provide information to families,
caregivers, and clients about leisure opportunities, but they
could not indicate whether the app had contributed to an actual
increase in leisure participation. Caregivers indicated that
although the app increased their awareness of activities that
they were not aware of, it was till challenging to find activities
that were suitablefor their children. They indicated that the app
needed to include more activities to enhance opportunities for
participation.

JMIR Form Res 2021 | vol. 5 | iss. 9 |23877 | p.126
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Associations

We origindly intended to explore the associations of
sociodemographic characteristics, such as age, gender, type of
disability, and place of residence, with perceptions of the app’s
features and app use patterns. However, a significant amount
of missing data (61%-91% of data are missing for some
variables) precluded usfrom doing so. However, the preliminary
exploratory analysisidentified significant associations between
the age of the caregiver and whether the person with adisability
had engaged in physical activity before using the Jooay app
(n=16; Fisher-Freeman-Halton Exact test: P=.01). Most of the
caregivers indicated that their child was actively engaging in
physical activities before accessing the Jooay app (28/38, 75%).

There was also a significant relationship among the users who
indicated that the app had the information they were looking
for and the province where they were located (n=20;
Fisher-Freeman-Halton Exact test: P=.05). Most of the responses
(12/20, 60%) were from Quebec, and of those responses, 9
(75%) respondents found that the app had a moderate fit with
their needs. The lack of diversity in the users responses
precluded a valid test of the association between user type
(caregiver vsprofessional) and whether usersfound the activities
in the app were a good fit; however, half of the respondentsin
both categories (n=10) indicated that the activities they found
in the app had moderate to no fit with what they were looking
for.

There was insufficient data from multiple user typesto test for
an association between user type and whether participation of
their child increased as aresult of the use of the Jooay app. Most
of the respondentsto this category of questionswere caregivers
(19/20, 94%), and 84% (17/20) of them indicated that their
child’s participation increased after app use only slightly or
moderately.

There was also an association between user type (caregiver vs
service provider) and how frequently they used the app (n=24;
Fisher-Freeman-Halton Exact test: P=.005). Most of the
respondents to this category of questions were community
organizations (7/24, 29%) and health care professionals (9/24,
37%); 45% (11/24) of respondents reported using the app
multiple times without finding an appropriate activity for their
client or child. The other 55% (13/24) of respondents had used
the app less frequently and did not indicate whether they found
an activity they werelooking for or were only browsing through
activities or exploring the app.

Discussion

Principal Findings

Using a PAR approach, we codeveloped and pilot-tested an
mHealth tool with stakeholderstoimprove accessto information
and participation in inclusive leisure activities for Canadian
children and youth with disabilities. Our ams were to
understand feasibility aspects related to the use of a
stakeholder-driven mHealth solution and understand user
preferences and patterns to inform efforts to improve
participation in leisure for children and youth with disabilities.
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We used the Health Behavior Framework [32] to explore the
individual and social characteristics of users and their
relationship with the intention to use the app, measured as
downloading the app, as well as the relationship with actual
behavior change, reflected in increased participation. This
enabled us to explore the potential impact of the app through
users perceptions of usefulness, preferencesfor specific content,
and suggestions for modifications. We also began to explore
the sociodemographic characteristics of users and how they
relate with use of mHealth technology and the expected health
behavior outcomes.

We applied the implementation framework by Peters et al [31]
to understand the process-based factors that shaped the
development and use of the app and opportunities to improve
them. Below, we discuss the lessons learned, challenges faced,
and implications for larger-scale efforts to use mHealth
technology to promote health for children and youth with
disabilities.

Process Development Challenges and Opportunities

Participatory research isvaluable and has potential key outcomes
in health and implementation science[36]. Important challenges
to consider in co-designing technology with multiple
stakehol dersinclude the ethical challenges of devel oping study
protocols that are constantly changing and require multiple
ethics review board amendments, the need to respond to
divergent opinionsin all steps of a project (eg, questionnaires
and administration forms) and product development (eg, user
interface vs user experiments design phases), and the extended
length of time necessary for an authentic co-design process.
Most of these issues have been identified in previous reports
on participatory research; however, additional challengeslearned
in this study include communication barriers between end user
stakehol ders and the technology development team because of
divergent language, culture, and operational modes.

Ethics

We maintained a close discussion about the nature of the project
with the institutional ethics review board and agreed on the
elementsthat did not require ethics approval (ie, the stakeholder
forums and app development stages) and which elements did
(the surveys sent to app users and the information taken from
app analytics). For elementsrequiring ethics approval, we agreed
to an open protocol with the core elements of the project being
initially approved through the regular, extended ethics review
board procedures, and future iterations (ie, length of activity
description, recruitment materials, or wording changes requested
by our user collaborators) to undergo an expedited review,
allowing for areduced turnover time.

Stakeholder Engagement and Co-Design

It isimportant to advance implementation science on mHealth;
it requires careful consideration of the interaction between
technology devel opment, participatory research and stakeholders
involvement. We must develop protocols and standard
operational procedures detailing aspects such as legal
agreements between industry and research partnersand business
development plans that include design and maintenance
discussions, establish aclear communication platform and verify
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with end users that they are able to access it. Flexibility in
accepting other forms of communication that may be preferred
by stakeholdershaveto be considered, and detailed note taking,
with designated communication contacts on the team, isideal.

Technology Development, User Preferences, and
Health Behavior Change

The vast mgjority of the app users found that the information
contained in the app was rel evant, albeit not comprehensive (ie,
not enough activitieslisted in their region of residence), to really
affect the desired health behavior change of increased
participation for their child. Thismay have been the reason why
72% of caregiversplanned to uninstall the app. Service providers
indicated that they did not intend to uninstall the app; thus, they
likely perceived greater utility. Several studies have shown that
lack of information is one of the key barriers to participation
and perception of good health services for families of children
and youth with disabilities [37-39]. Creating a mobile app that
has accurate, up-to-date information and responds to the users’
needs and preferences is a challenge but is also essential to
health behavior change.

The lack of comprehensive information about activities in the
app can be attributed to 2 main reasons. (1) the scarcity of
activities offered in the community for this population and (2)
thelimited capacity to generate acomprehensivelist of existing
activities manually. The first issue is being addressed in a
separate study (E Mogo, K Shikako, and A Majnemer;
unpublished data; June 2021) where we conducted an in-depth
analysis of the sociodemographic characteristics of regionsand
the availability of inclusive leisure activities, as listed in the
app, with the objective of informing policy and program
creation.

The second challenge relates to technology development.
Creating comprehensivelistings of activitiesthat are constantly
changing is a key challenge that can be addressed through
technology but requires extensive sustainability planning.
Sustainability and business models of mobile technology may
be typical in design and industry but are foreign in health
research when primary funds for development and co-design
are obtained through research grants of limited duration. A
sustai nability model for mHealth needs to be further devel oped
and tested to ensure the efficient use of research and user
resources [40-42].

Population Char acteristics and mHealth
Characteristics

Most survey respondents were caregivers of children with
disabilities living in urban areas. Most activities listed in the
app are located in urban areas. In the stakeholder forums,
participants indicated that it is paramount to consider mHealth
solutions that target populations that face multiple layers of
marginalization, such asthosewho liveinrural areas, indigenous
children and families, and those who may not have access to
mobile technology. Caregivers and service providers in rural
areas have been identified as populations lacking access to
services and other resources [43,44]. Therefore, the utility of
Jooay as an mHealth tool in these regionsis limited. We intend
to apply these datato inform policy on gapsin service provision.
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This pilot study sheds light on the challenges of including
proxiesasthe main users of interventions. Thetarget popul ation
using the app are caregivers and service providers, but the actual
expected behavior change (participation in leisure) is targeted
at the children under their care. Information on the participation
patterns of families came mainly from caregivers providing
answers to the survey. We identified an association between
previous participation levelsand the caregivers' age and between
their familiarity with apps and the technology associated with
the actual frequency of use of the Jooay app. It is known that
caregiver behavior regarding leisure has an influence on the
child’s level of participation [45]. The primary respondents of
the survey were female (83/93, 89%), indicating that health
promotion efforts could target female caregivers to affect the
health behaviors of children with disabilities.

Another important characteristic of this particular mHealth
solution was accessihility for personswith disabilities. Although
the app users are not necessarily children and youth with
disabilities (only 8/93, 9% of our sample were persons with
disabilitiesthemselves) but rather the caregivers, it isimportant
to consider that amobile app for personswith disabilities should
comply with accessibility standards. The challenges of following
accessibility standards were perceived by our accessibility
consultant and were outlined in previous research [46]. It was
clear from the multiple iterations of testing that industry
accessibility standards are not fully accessible for different
individual needs, a factor that will be considered in future app
development and iterations.

mHealth and Health Behavior Outcomes

The survey results suggested that participants were not sure of
the impact of the app on their children or clients' participation
levels but that they were certain that their knowledge about
existing community activities had increased because of the app
use. Ideally, mHealth should include artificia intelligence to
directly track participation and objectively quantify theincrease
in participation as the desired outcome [47]. Although missing
data prevented measuring desired behavior changes, aside effect
of app use noted by some participants was the building
community. Although the use of web-based communities by
caregivers of patients with chronic health conditions is a
relatively new phenomenon, several benefits and challenges
have been identified [48]. Perceived benefitsinclude connecting
with others with similar lived experiences and challenges and
increasing awareness about amedical condition or, in the present
case, about existing activities and resources. Participantsin this
study indicated that they may be using the app not just as a
resource to change health behaviors but also as a resource to
connect to others and increase their awareness about possible
activities, evenif they are not availablein the region where they
live. Such indirect positive outcomes are worth investigating
further. Public health implementation efforts should consider
the power of connecting people and the possibilities brought
about by mHealth technologies on this front.

For effective mHealth implementation, movement beyond pilot
studies is needed to better understand the characteristics,
preferences, and real-time use patterns of users. Partnership
development with community organizations, cities, and other
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layers of governments is also needed to identify solutions to
link resource databases and create machinelearning algorithms
that maintain relevant information for the public.

Limitations and Future Directions

This pilot feasibility study faced limitations that supported
several important considerations for future studies. Firgt, this
study was conducted in areal-world setting. We had no control
over thelocation, type of activity offered, and the match between
these activities and the participants preferences or needs.
Previousresearch hasindicated that preferencefor certain types
of activities is associated with engagement in these activities
[49]. This pilot study shows that, in fact, preferences are not
easily matched to the availability of resourcesin acommunity,
and thisis a barrier to participation. This study sheds light on
theimportance of adapting individualized mHeadlth interventions
to public health impacts.

The implementation strategy for this project was built in
partnership with stakeholders. Implementation strategies
included word of mouth and the use of local and web-based
champions to disseminate information about the app and invite
people to download it and use it. This project informed the
important aspects of the implementation strategy on a larger
scale. Recent studies have assessed the implementation of
different data collection strategies through mobile apps and
have reported mixed results. One study found that improving
compliance with medication through digital data entry was
feasible and reliable in a population of adults with HIV/AIDS
[50]. Alternatively, another study that compared 3 electronic
data collection methods for patients with a urinary tract
infection—mobile app, electronic survey, or text message
[51]—found no differences in response rates. They concluded
that participants often stopped data completion after their first
interaction with technol ogy, leading to missing data. They also
raisetheissue of the variability of user demographicsasafactor
influencing response rates and preferences. We found similar
challengesin completion rates. Our survey had alow response
rate of approximately 39.83% and missing data, which limited
the ability to make generalizations. Our stakeholder advisory
group confirmed that individuals are highly interested in using
the app but will respond only to very short surveys. We noticed
through backend data that people often stopped completing the
survey at the point at which they had to scroll through and sign
the consent form before completing the survey, which also
suggests the need to review ethics procedures when using
mHealth technol ogies to conduct research.

Improvements in the recruitment strategy that will be
implemented in the next phase of this study are the use of push
notifications directly through the app, the shortening of the
consent form to the minimal requirements, and the shortening
of the survey. We will also ask our parent-partners, clinicians,
and other coinvestigators to design a message that will be sent
through push notifications. This message should be more
welcoming of the participants' responses. Futureimplementation
efforts include making registration mandatory to use the app,
increasing the relevance of information by implementing
machine learning to update information, and increasing
opportunitiesfor interactions (ie, through push netificationsand
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gamification). Future research must al so address potential ethical
constraints by appropriately adjusting their study design to dlicit
participation by using a mobile app as the only source for data
collection.

The limited capacity of using app analytics across platforms
and automated database updatesimposed limitationsto the data
collected. Artificial intelligence to directly track participation,
to objectively quantify increases in participation as the desired
outcome, and improved analytics protocols are necessary to
eval uate the effects on health behavior [47]. Therefore, monetary
commitments associated with these strategies must be
considered. Indeed, a thorough cost-effectiveness analysis
should be anintegral part of the scale-up implementation efforts
of any technology [52].

L arge-scaleimplementation research efforts using mHeal th will
need to consider better ways to engage the ecosystem of
stakeholders, from users to rehabilitation centers, and
community-based leisure centers to scale up and test more
complex interventions. Efforts to elicit information from this
population may require automated modes for data collection
and partnerships between municipalities and organizations to
link databases of activities and the app.

Conclusions

Implementation research holds the potentia to drive red
increments in public health by trandating research findings to
real-world testing. At-risk and underserved populations, such
as people with disabilities, require increased efforts toward
change, as they face multiple contextual barriers often leading
to poor health outcomes [3].

This study piloted the development and use of Jooay, a mobile
app listing inclusive leisure activities. We also sought to
understand user demographics and characteristics and the
corresponding variables that would be of value to support its
scale-up and effectiveness testing. Our intended use of this
information was to better meet the needs of children and young
people with disabilities and their support systems while also
informing the literature to guide similar efforts.

mHealth is promising as a viable and feasible tool to execute
implementation efforts, especially for this subpopulation.
mHealth tools should integrate health promotion strategies for
children with disabilities considering how to overcome poverty
[3], be enjoyable [19], improve access to care [15], sensitize
their health care providers, be person-centered, and provide the
needed support for them to engage in heathy lifestyles
[3,10,15,17,18]. These tools will also have to be supported by
more information to support their efficacy, effectiveness, cost
utility, and engagement. Scale-up studies are necessary to move
mHealth development science beyond pilot studies [21,27].
Finally, information on the demographics and characteristics
of mHealth users and the impact of mHealth on behavioral
predictors and health behaviorsisneeded [26]. This can happen
if only such mHealth efforts are designed for implementation
and evaluation [21].

The next phase of this project will also inform programs and
policy changes that can support a sustained model of inclusive
leisure activities, mHealth integration into macrosystems of
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infformation sharing, and equitable distribution of and their families.
health-promoting opportunities for children with disabilities
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Abstract

Background: A technology that has been widely implemented in hospitals in the United States is the automated dispensing
cabinet (ADC), which has been shown to reduce nurse drug administration errors and the time nurses spend admini stering drugs.

Objective: This study aimed to determine the impact of an ADC system on medication administration by nurses as well as
safety before and after ADC implementation.

Methods: We conducted a 24-month-long longitudinal study at the National Taiwan University Hospital in Taipei, Taiwan.
Clinical observations and questionnaires were used to evaluate the time differences in drug preparation, delivery, and returnsin
the inpatient ward by nurses before and after using the ADC. Drug errors recorded in the Medical Incident Events system were
assessed the year before and after ADC implementation.

Results: The drug preparation time of the wards increased significantly (all P<.005). On average, 2 minutes of preparation time
is needed for each patient. Only 1 unit showed an increase in the drug return time, but this was not significant. There were 9
(45%) adverse events during the drug administration phase, and 11 (55%) events occurred during the drug-dispensing phase.
Although a decrease in the mean number of events reported was observed during the ADC implementation period, this difference
was not significant. As for the questionnaire that were administered to the nurses, the overall mean score was 3.90; the highest
score was for the item “1 now spend less time waiting for medications that come from the pharmacy than before the ADC was
implemented” (score=4.24). Theitem with thelowest scorewas | haveto wait inlineto get my patient medications” (score=3.32).

Conclusions: The nurses were generally satisfied with ADC use over the 9 months following complete implementation and
integration of the system. It was acknowledged that the ADC offers benefits in terms of pharmaceutical stock management;
however, this comes at the cost of increased nursing time. In general, the nurses remained supportive of the benefits for their
patients, despite consegquences to their workflows. Their acceptance of the ADC system in this study demonstrates this.

(IMIR Form Res 2021;5(9):€24542) doi:10.2196/24542

KEYWORDS
automated dispensing cabinets; medication administration system; medication errors; dispensing; medication; nursing; Taiwan

400,000 drug-rel ated adverse eventsin the United Statesyearly,
with annual costs estimated at US $3.5 billion. According to an

Although the Joint Commission on Accreditation of Healthcare  IMVestigation by Taiwan'sMinistry of Health and Welfare, from
Organizations promotes medication administration safety as 2014 to 2019, there were more than 20,000 adverse drug events

one of itskey standards to improve patient safety, thereare still  (ADES) every year. Some siudies found that many serious

Introduction
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medical errors—which cause or have the potential to cause
damage or injury—are drug prescription or administration errors
[1-4]. Different studies have used interventions to reduce these
errors. These include the development of computerized
physician order entry (CPOE), electronic medication
administration record (eEMAR) systems, automated dispensing
cabinets (ADCs), and barcode medication administration
(BCMA). Asof 2015, more than 98% of hospitalsin the United
States used ADCs and BCMA, which enable nurses to obtain
medicines correctly and reduce errors when medicines are put
into the ADC. These technologies have become increasingly
prevalent in large hospitals. Literature reviews have shown that
this technology hasled to a decrease in drug-related errors and
has increased the safety of hospital prescription and
administration procedures [5-10]. Among these technologies,
the automated cabinets used to store and dispense drugs at health
carefacilitieshave madeit possibleto control and monitor drug
dispensing. On the basis of literature reviews, the ADC
optimizes the inpatient drug administration process, reduces
medication errors, and saves time in delivering drugs to and
from the pharmacy and waiting for them, making the
administration process smooth and safe [11-15]. Although
common in the United States, ADC systemsarerarein Taiwan
because of the investments needed and the considerable
organizational changes. However, health professional s are eager
for efficient systems adapted to their work settings.

Methods

Study Design and L ocation

The study was conducted at the National Taiwan University
Hospital (NTUH), amedical center located in Taipei, Taiwan.
An eMAR with a daily unit dose—dispensing system was used
where pharmacy staff prepare the drugs required for a 24-hour
period. The packages are sorted by medication, according to
the physicians' orders. The medication orders are entered
electronically by physicians using prebuilt order sets or
individual orders. The orders are sent to the pharmacist
automatically via atwo-way interface and are then verified by
the pharmacist. The nurses use the eMAR to follow the “3
checks and 5 rights’ routine and then take out the required
medication from the unit dose drug (UDD) cart before
administration.

Clinical outcomes, aong with patient safety, were assessed,
considering a 2-year analytical horizon starting in 2018. The
research site was the university hospital, which has 3 locations
(East, West, and Children’s Hospital). The East District has 52
wards (13 intensive care units, 39 wards) and 1 pharmacy. The
Children’s District has 16 wards, a delivery room, and a
newborns room, whereas the West District has 14 wards; the
two districts share a medicine storehouse.

To investigate improvements in medication administration by
nurses and medication safety using the ADC, we chose one
ward in each of the East and West Districts and an intensive
care unit inthe East District. The A unit in which the ADC was
implemented was oncol ogy, which has 35 beds; the B unit has
35 surgical beds; and the C unit was intensive care and has 18
beds. About 80% to 88% of the prescribed drugs were dispensed

https://formative.jmir.org/2021/9/e24542
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by the ADC. A longitudina study was designed using a survey
for nurses. The survey was conducted using clinical observations
and aquestionnaire devel oped by the nursing information team
of the nursing department. The questionnaire was administered
in May 2018. An observational study design was used to
understand the time differences in drug preparation, delivery,
and returns from the inpatient ward by nurses before and after
using the ADC. The clinica observations were randomly
selected 1 week before and 9 months after initiating the ADC
system. The nursesfrom the 3 unitswere observed, and thetime
required for medication preparation and returns was recorded.
Medication errors, as recorded by the Medical Incident Events
system, were evaluated the year before and after ADC
implementation. An anonymous questionnaire was sent to 22
nurses from the intensive care unit in the hospital. These nurses
were not included in the final survey. Their comments were
considered to see if any amendments to the survey were
necessary. The anonymous questionnaire consisted of two parts:
(1) the nurses’ demographic characteristics and (2) questions
on their perceptions of safety, training, efficiency, timeliness,
availability, and accessibility, assessed on a5-point Likert scale
(1=strongly disagree to 5=strongly agree). Reliability was
assessed with the Cronbach alpha, which was .92, based on the
19 perception statements. The mean perception score for the 19
items was established; a higher score indicated a higher rate of
agreement. The questionnaire was based on Zaidan [16], which
includes a total of 21 items covering two aspects. nurse
perceptions and satisfaction.

Ethical Approval

This study was approved by the Research Ethics Committee at
the NTUH. The informed consent form was waived (Research
Ethics Committee #201807025RINA). All nurses were sent an
email explaining the purpose of the study and that they were
not obliged to participate. No formal consent form was used,
but areturned questionnaire was considered implied consent to
participate.

Data Collection

The following outcomes were considered in the analysis: the
time discrepancy in drug preparation, delivery, drug returns
from the inpatient, number of ADEs, and the questionnaire
results.

The clinical observations conducted included the assessment
and time cal culations during the nurses’ medication preparation
procedures before and after ADC implementation; the
measurements were recorded for atotal of 6 days (Monday to
Saturday). All observers were given instructions before data
collection. According to the chosen time for each unit, the
observer conducted observations of 3 nurses each day. The
medi cation preparation time was measured as 1 patient for each
nurse during the medication preparation process. Drug
preparation time started when the eMAR was opened by the
nurse and ended when the nurse completed the patient’'s
medication preparation. After ADC implementation, the starting
point of the drug preparation time was when the computer of
the ADC was opened. The endpoint was when the nurse
completed the medication preparation for the patient, including
the medication retrieval process from all necessary retrieval
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locations, as well as the time spent on the whole process.
Medication return wastheintact drug package when the patient
did not need to useit (eg, pro re nata drugs, that is, medication
that is taken as needed). The nurse needed to calculate the
number of medications and fill out the drug withdrawal form.
The starting time was from the moment when the remaining
medicines were taken from the trolley until the quantities of all
medicines werefilled; thiswas recorded asthe total return time.

The medication administration information was collected from
the eMAR database to calculate the delivery time of the
medication or first-time use. The starting point was when the
physician completed the order, and the endpoint was when the
drug was delivered to the unit by the delivery staff. The delivery
staff used a mobile phone to scan the barcode of the unit to
record the delivery time. After ADC implementation, the time
recorded was after the nurse received the physician’s order and
started selecting medications from the ADC.

Data concerning medication administration came from the
NTUH information system. The error rate was cal culated asthe
number of errorsdivided by thetotal opportunity for errors (sum
of all doses ordered) multiplied by 10,000. Data concerning an
ADE were collected from the adverse event system, which
stored the details of each event notification, including the date,
place, type of occurrence, drug involved, phase of the process,
classification, and type of resulting harm. Events that occurred
in the unit 1 year before and after the ADC was implemented
were analyzed.

The total number of questionnaires returned was 76, and the
return rate was 100%. Unit A was an oncology ward with 16

Table 1. Comparison of drug preparation and return times.

Wang et al

nurses, unit B a surgical ward with 20 nurses, and unit C an
intensive care ward with 40 nurses.

Data Analysis

Data from the survey were directly exported to SPSS, version
22 (IBM Corp). The data were analyzed using descriptive and
inferential statistics, including frequency and percentage, a
paired t test, and a correlation analysis. A normality test was
carried out on the perception score. The significance level was
set at an alpha of .05. For open-ended questions, a content
analysis was performed. Words and phrases in the open-ended
responses were analyzed by team members and then compared.

Results

M edication Preparation and Medication Return Time

Thetime taken to prepare patient medications was recorded for
the 3 inpatient wards before and after ADC implementation.
The results are shown in Table 1. The medication preparation
times of the 3 units for the mean medication preparation time
for each patient increased. A pairedt test showed that al 3 units
had a P value of <.005. Only 1 unit had an increased drug return
time, although the paired t test had a P value of >.10. Unit A
was a surgical ward; most of the patients were there before or
after surgery. Although the characteristics of the patients did
not change, severity may be different. The drug coverage rate
of the ADC was 80%, and there were some medicines that had
to be taken out of the medicine cart, which may cause a
differencein the return time.

Item and unit ADC?implementation Paired t test P value
Before, mean (SD) After, mean (SD)
Preparation time (min)
A 1.67 (1.37) 4.00 (2.52) -3.25 .01
B 0.39 (0.61) 2.11(1.08) -5.36 <.001
C 1.22 (0.94) 2.39(0.92) -3.48 <.001
Return time (min)
A 1.13(0.52) 1.07 (1.79) 0.14 89
B 0.13 (0.52) 0.47 (0.52) -158 14
c 1.27 (1.90) 0.47 (1.37) 1.29 22

8ADC: automated dispensing cabinet.

Urgent Medication Delivery Time

Before ADC implementation, the mean waiting time for urgent
medications to be delivered from the pharmacy to the unit was
between 10 and 15 minutes. After the ADC was implemented,
the most urgent medications were included in the ADC. These
were retrieved in a timely manner without waiting for drug
delivery. The only waiting time pertained to information
transmission from the hospital information system to the ADC,
which usually occurred within 3 minutes.

https://formative.jmir.org/2021/9/e24542

Medication Error

During the study period, a total of 20 ADEs were reported in
the 3 units(Table 2). A total of 9 (45%) adverse events occurred
during thedrug administration phase and 11 (55%) eventsduring
the drug-dispensing phase. Although a decrease in the mean
number of events reported was observed between the pre-ADC
(12 eventslyear) and post-ADC (8 eventslyear) system
implementation periods, this difference was not significant.
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Table2. Medication error.

Unit Drug administration phase Drug-dispensing phase P vaue

Before ADC?, n After ADC, n Before ADC, n After ADC, n

A 2 3 6 1 71

B 2 1 1 3 .78

C 1 0 0 0 .34

Tota 5 4 7 4 a7

8ADC: automated dispensing cabinet.

Questionnaire

Of the 76 nurses, 39.5% (n=30) were aged 21 to 30 years, and
48.6% (n=37) had 1 to 5 years of experience. Regarding
education level, 92.1% (n=70) had a bachelor's degree, and
36.8% (n=28) were ranked as N3 nurses based on the clinical
ladder system.

The results of the statistical analysis of the questionnaire are
shown in Table 3. The overall mean score was 3.90. Among
the perceptive aspects concerning the use of ADC, the highest
ratings were “I now spend less time waiting for medications
that come from the pharmacy than before the ADC was

Table 3. Nurse performance questionnaire results.

implemented” (score=4.24). Theitem with the lowest score was
“lI have to wait in line to get my patient medications’
(score=3.32). With regard to accessibility, the item with the
highest scorewas*“| am ableto sel ect the best available ordered
medication” (score=4.22). The item with the lowest score was
“l am able to get all of my medications in one place’
(score=3.68). The item that received the highest number of
complaints in the open-ended questions was “I hope the
pharmacist verifies medications faster,” which was raised by 9
(17.6%) participants. A total of 6 (11.7%) nurses mentioned
that “The ADC systems and the hospital information system
takes too much time to connect.”

Item Score, mean (SD)
Nurses' perceptions 3.89 (0.77)
The medication delivery system allows me to do my job more safely. 4.12 (0.65)
The amount of time between when awritten order is sent to the pharmacy and when it is available from the ADC? system 3.57(0.98)
is acceptable.
| am able to administer meds more efficiently (on time, right dose, etc) with the ADC system. 3.89(0.72)
All drawer types assure safe access and removal of medications. 3.93 (0.68)
There arerarely discrepancies when doing narcotic counts. 4.09 (0.59)
| now spend less time waiting for medications that come from the pharmacy than before the ADC was implemented. 4.24 (0.73)
| can confidently use the system after minimal training. 4.05 (0.63)
The training materials provided were informative and adequate. 4.09 (0.64)
| have to wait in line to get my patients’ medications. 3.32(1.24)
The pharmacist can answer questions and/or solve the ADC system'’s problems. 3.68 (0.89)
The number of phone calls to the pharmacy for requests is acceptable. 3.84 (0.67)
Accessibility 3.90 (0.77)
| have accessto all the medications | need. 3.71 (0.89)
| am able to get all my medicationsin one place. 3.68 (0.85)
It is easy to obtain medications during an emergency. 3.87 (0.96)
Medications are more readily available. 4.14 (0.67)
The system would work better if more meds were in the ADC system. 4.00 (0.72)
| am able to select the best available ordered medications. 4.22 (0.53)
The physical layout of the system is user-friendly. 3.71(0.73)
Generally, | am satisfied with the ADC. 3.86 (0.79)
Overal mean score 3.90 (0.77)

3ADC: automated dispensing cabinet.
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Discussion

Principal Findings

I mpact on Medication Preparation and Medication
Return Time

This study examined nurses' attitudes and workflow after the
implementation of an ADC system. The mgjority of nurseswere
satisfied with the system, but there was a negative impact on
workflow relating to access to medications, as demonstrated by
our observations. At our study site, before the implementation
of the ADC, the UDD cart stored drugs used by patients
throughout the day. The nurse took out the patient-specific
pillbox from the medication cart every day and performed the
3 checks and 5 rights of confirmation with the patients. After
the implementation of the ADC, because the research unit did
not have barcode scanning, after taking out the medicine from
the ADC, nurses needed to perform the 3 checks and 5 rights
and then perform the routine again when the medicine was
distributed to the patient unit to prevent medication errors.
Therefore, the preparation time after ADC implementation was
significantly longer than before implementation. We found that
the preparation time observed in our study was higher than that
of previous studies. For example, Franklin et a [17] reported
that after implementing a closed-loop ADC system consisting
of BCMA, eMAR, and CPOE, the average time per round of
dosing was reduced by approximately 10 minutes. Our study
did not use BCMA, so nurses needed to perform the 3 checks
and 5 rights twice, which may have led to an increase in
preparation time.

The ADC systems included 80% to 90% of the medications
commonly used in the units, which were retrieved only when
needed. Therefore, in most cases, there was no need for
medication returns. However, the B unit showed an increased
medication return time. After reinspection, we found that atotal

https://formative.jmir.org/2021/9/e24542
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usage of 1157 pills per 11 types of medications were recorded
by the B unit during the study period; among these, 176 (15.2%)
pills per 40 (25%) types of medications were not stored in the
ADCs, which possibly caused the time increase in medication
returns. A descriptive study analysis by Deliberal et a [18]
revedled that after the implementation of ADCs, the mean
percentage of returned medications decreased from 27% to 4%
in the first year and to 4.5% in the second year. Despite
differences in scope, the above studies indirectly reflect a
possibl e rel ationship between theimplementation of ADCsand
adecreasein thetime of returned medications, since medication
consumption was reduced after implementation.

Rate of Medication Error

In terms of the medication error rate, only 1 unit showed an
increase in the drug-dispensing phase. After analyzing the 4
medication errors in the drug-dispensing phase, it was found
that the errorsrelated to the ADC were classified as“ dose error
and drug error.” Thereare 2to 4 kinds of bottled medicines (eg,
antibiotics) in the same cabinet. When the medicine cabinet is
opened, at least 2 or more drugs must be identified (as shown
in Figure 1). The drug will have both the generic name and the
brand name, and this may cause the nurse to misidentify the
drug when removing the medication. On the ADC screen, the
doctor’s orders would read “2 bottles per day” at the top and
“take out 1 bottle” below, which may also cause the nurse to
administer the wrong dosage if the top instructions go unnoticed.
Oldland et a [19] found that the medication error rate when
using the UDD alonewas 0.157%. After ADC implementation,
the comparative overall incidence of error was 0.135%.
Subsequent changesin product labeling and more staff training
in the use of barcode systems were associated with a decrease
in the rate of medication error to 0.050%. Therefore, it can be
assumed that the continuous use of barcodes can effectively
minimize medication errors.
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Figurel. Fivemedicinesare stored in one cabinet (as shownin the square). Thereisno special deviceto remind the staff of the location of the medicine.
Only by checking the medicine name can they identify that the medicineis correct.

Questionnaire Results

The questionnaire results indicated that the majority of nurses
agreed that they could do their job more safely using the ADC
system and that it made their job easier. Of the nurses surveyed,
82.9% (n=63) agreed that the drawer types assured safe access
and removal of medications. These can provide a higher level
of security by alowing access to only one preselected
medication at atime. Overall, nursing staff were satisfied with
the use of the ADC technology and believed it facilitated their
work, helped provide safe patient care, and reduced medication
incidents. They could use the system confidently after minimal
training, but waiting in line was a major difficulty frequently
associated with ADC use. According to the Institute for Safe
Medication Practices ADC survey [20], amost one-third of
frontline nurses reported always or frequently lining up to access
the ADC. Another cross-sectional study also pointed out that
63% of nurses mentioned waiting in line to get patient
medications [15].

Limitations

In this study, only 3 wards from a single medical center were
used to explore the time differences before and after ADC
implementation; hence, the implications of the research results
are limited. The study timeline of the ADC system was about
1 year; therefore, the ADC system can be amended and
deficiencies corrected to improve the system in the future. This
should improve the system'’s efficiency.

Conclusions

This study explored nursing staff’s perceptions of and
satisfaction with an automatic dispensing systemin specialized
hospitals. The nurses were generally satisfied with the ADCs
over the 9 months following compl ete system implementation
and integration. The ADC offered benefits in terms of
pharmaceutical stock management [21,22]; however, this came
at the cost of increased nursing time. Previously, controlled
drugswere stored in lockable drawers. Resupply was performed
twice a week and was generated by the nurse. After ADC
implementation, the medicine began to be placed in the care
unit's the ADC, resulting in a centralized and closed stock.
Resupply, which was automatically generated by the hospital
information system, began to be performed once daily and was
monitored by the pharmacy team to ensure organization
according to the record of each product in the dispensing system.
Because this research institution has no configuration to use
barcodes, the nursing staff could not use barcode scanning for
secondary confirmation when administering drugs and had to
manually confirm that the medi cation name matched theeMAR.
Therefore, to reduce the chance of medication ADEs, one should
consider the medication packaging, appearance, name, dose,
dosage form, and frequency of use when placing medications
in the cabinets and stagger the drugs as much as possible or
place brightly colored warnings and remindersto reduce nursing
staff errors when retrieving medications [16]. Nurses were
generally supportive of the benefits of the ADC system to their
patients, despite hindrances to their workflows. This study’s
findings are indicative of the acceptance of ADCs by nurses.
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Abstract

Background: The rapid movement of mental health services on the internet following the onset of the COVID-19 pandemic
has demonstrated the potential advantages of digital delivery and has highlighted the need to learn from prepandemic digital
services.

Objective:  The aim of this study is to explore the different elements of interconnected digital mental health and
neurodevelopmental services of a well-established provider to the UK National Health Service and how web-based delivery
enables young people and their families to access high-quality assessments and interventions in a more timely, flexible, and
person-centered manner than in-person delivery.

Methods: A redlist evaluation multiple case-study design was used, with 9 pediatric cases (aged 8-15 years) identified as
representative of the services provided by Healios. Presenting concerns included autism and ADHD, anxiety and panic attacks,
low self-esteem, anger and self-harm. The research literature was used to define the program theory and six
context-mechanism-outcome (CMO) statements. The CMOs formed the basis for theinitial data extraction, with novel elements
added via an iterative process.

Results: We identified 10 key elements of web-based services: flexible delivery and timely response, personalized care to the
individual, comprehensive care enabled by multipleinterconnected services, effective client engagement and productive therapeutic
alliances, use of multiple communication tools, client satisfaction with the service, good clinical outcomes, ease of family
involvement throughout sessions or from different locations, facilitation of multi-agency working and integration with National
Health Services, and management of risk and safeguarding. These elements supported the six CMOs; there was clear evidence
that young people and their families valued the responsiveness and flexibility of the web-based mental health service and, in
particular, how quickly they were seen. There was also clear evidence of individual needs being met, good therapeutic alliances,
and client satisfaction. Multiple communication tools appeared to maximize engagement and working digitally facilitated
multi-agency communication and delivery of safe care. The abovementioned factors may be related to thefinding of good clinical
outcomes, but the methodology of this study does not allow any conclusions to be drawn regarding causality.

Conclusions: Thisstudy demonstrates the effectiveness of interconnected digital mental health and neurodevel opmental services
as well as how web-based delivery enables young people and their families to access assessments and interventions in a more
timely, flexible, and person-centered manner than in-person delivery. The 10 key elements of web-based service delivery identified
through the 9 case studies suggest the potential advantages of web-based work. These elements can inform future research and
aid in the delivery of high-quality digital services.

(JMIR Form Res 2021;5(9):e29845) doi:10.2196/29845
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Introduction

Background

The onset of the COVID-19 pandemic has forced services to
be delivered on the web and given impetusto digital health care
as a solution to access gaps by expanding and leveraging
existing technologies[1,2]. In particular, although people with
existing mental health problems have been resilient during the
pandemic [3], many children and young people (CYP) have
experienced low levels of anxiety and depression [4],
exacerbating ongoing problemsin accessing services[5]. Hence,
a “digital revolution” [6] has been accelerated, with calls for
the consolidation of gains [7] and the need to learn from
prepandemic digital services [8]. A review of prepandemic
literature concluded that “tele-mental health has potential to be
an effective and acceptable form of servicedelivery” and called
for future digital mental health implementation to use a
combination of previous evidence and COVID-19 experiences
[8]. Nicholas et a [9] reviewed children and adolescent mental
health services (CAMHS) during the pandemicin Australiaand
noted that young people reported web-based services to have
improved service quality, whereas the clinicians were
significantly less positive.

The implications of web-based mental health services have
previously been examined within the rubric of the ethics of
digital delivery. Inanarrative review of mostly North American
literature, advantages were identified, including convenience,
increased acceptance and adherence, cost efficiencies,
enhancements in communication, and other therapy benefits
[10Q]. Furthermore, factors contributing to the positive evaluation
of web-based care by clientsincluded meeting needsin atimely
and effective manner [11], amore egalitarian therapeutic aliance
[12], and an increased sense of being in control [9,13].

This Study

This paper contributes to the literature on the effectiveness of
digital service delivery by Healios, which has been providing
a range of web-based CYP menta hedth and
neurodevelopmental (ND) services to the UK National Health
Service (NHS) since 2015. We purposely adopted a realist
evaluation (RE) approach [14,15] to assess whether our service
worksin aparticular context. In this case, we designed adigital
service to maximize the advantages of providing web-based
mental health services, and, inlinewith RE practice, weinitially
examined those case examples that involved different services
and service combinations. The context is the provision of
web-based youth mental health and ND services before the
pandemic to inform development in the future.

In line with the RE methodology, we developed an initial
program theory and context-mechanism-outcome (CMO)
statements to enable data collection to focus on testing the
different elements of the program theory. Our RE mid-range
theory is that providing services digitally allows young people

https://formative.jmir.org/2021/9/e29845

and their families to access mental health and ND servicesin a
moretimely, flexible, and person- and family- centered manner
than in-person delivery. All the existing qualities of in-person
service delivery, including the formation of a therapeutic
alliance, can bedelivered safely and effectively viatheinternet;
clinical outcomes are equiva ent to or better than in-person care,
and additional efficiencies can be achieved. Digital delivery
also improves outcome measurements and interagency
communication.

Using themes primarily from recent reviews[9,10] and previous
research suggesting that mental health service outcomes are
associated with therapeutic aliance and client satisfaction
[16,17], the authors and colleagues created CMO statements
for Healios' web-based services:

1 Timely provision of mental health services leads to better
engagement and outcomes.

2. Personalized and flexible careleadsto successfully building
therapeutic aliance and client satisfaction.

3. Access to multiple interconnected services leads to more
comprehensive care that meets the individual’s needs.

4. Digital mental health providesamore egalitarian experience
than in-person mental health and leadsto the empowerment
of the client and better outcomes.

5. Using multiple digital communication tools (eg,
videoconferencing, therapeutic information, interactive
whiteboards, rating scales, and outcome measures) can
enhance engagement and the therapeutic alliance.

6. Web-based communication facilitates safe care, networking,
and access to therapeutic resources. particularly,
information, support from peers and family, and liaison
with schools and other agencies.

The goals of this study are (1) to analyze selected cases to
explore the CMO statements and (2) to obtain insights into the
delivery of high-quality web-based mental health care and ND
Services.

Overview of Healios Services

Healios is a fully remote company using a bespoke electronic
patient record system and remote delivery system, Panacea,
which uses a cloud-based Ruby on Rails application hosted by
Amazon Web Services. This specialized, secure platform (1SO
[International Organization for Standardization] 27001 certified)
has been developed over the past 8 years. It facilitates referral
and client management, including a portal for the NHS to
securely make referrals and monitor the progress of cases, the
delivery of interventions and recording of sessions.

Accredited clinicians deliver all assessments and interventions
through Panaceaviasplit-screen videoconferencing, facilitating
interaction with a clinician and interactive slides. Although
clinicians adapt sessions to meet client needs, dide sets are
provided to structure al clinica sessions. For example, a
10-session cognitive behavioral therapy (CBT) deck provides
structure and ensuresfidelity to the National Institute for Health
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and Care Excellence—endorsed (2017) CYP CBT manual, but
additional sessions can be offered and some sessions can be
omitted. The British Association for Behavioral and Cognitive
Psychotherapies—accredited therapists can choose interactive
CBT decks covering panic disorder, generalized anxiety,
obsessive compulsive disorder, and depression. The other
therapy package is goal-based intervention (GBI; maximum 6
ons) delivered by CAMHS professional s or psychological
well-being practitioners for mild-moderate presentations,
especially where the young person ismore practically oriented.
In some cases, getting help or getting more help assessments
(CAMHS tier 2 or 3 initial assessments) are offered to young
peopl e to ascertain whether CBT or GBI would be appropriate.

The Healios autism assessment service involves an extensive
5+ hours-ong digital assessment process involving 2 clinical
professionals conducting 3 videoconferencing clinical interviews
with the young person and their parents based on 2 gold
standard—validated assessment tools (Autism Diaghostic
Interview-Revised and Autism Diagnostic Observation
Schedule) [18] and clinical information obtained from schools,
NHS, and social services, asappropriate. A video-conferencing
multidisciplinary team, comprising a minimum of 3 clinicians,
makes a diagnostic decision using the Diagnostic and Statistical
Manual of Mental Disorders-5 criteria, followed by feedback
to parents with advice on responding to their child’s needs and
areport with guidancefor teachersand other professionals. The
attention-deficit/hyperactivity disorder (ADHD) assessment
service is similar, and both may be preceded by an initial

Table 1. Participant overview.
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screening appointment. The postdiagnostic intervention (PDI)
comprises up to 10 sessions of tailored content adapted to the
needs of the young people and their families.

In addition to the abovementioned CY P services, Healios also
offers adult ND services, including autism and ADHD
assessments, along with postdiagnostic support. Adult mental
health servicesinclude perinatal CBT, family interventions, and
mental health assessments. However, this study will only focus
on CYP services.

Methods

Asthisisasmall case series study that uses fully anonymized
clinical record data, research ethics committee approval was
not required.

Participants

Thisstudy included 9 cases seen at Healios between April 2018
and May 2020. Of these, 6 were female and 3 were male, and
they were aged 8-15 years (mean 11.67, SD 2.83; Table 1).
Although this represents a higher proportion of females than
referrals from 2018 to 2020 (female: 5763/10,763, 53.54%;
male: 5000/10,763, 46.46%), gender balance was not expected
to have any bearing on the results, as cases were selected to be
representative of different service lines available to CYP at
Healios. Further details on case selection can be seen in the
section Case Selection and Procedure. The journeys of the 9
cases through Healios' services are shown in Figure 1.

Case Pseudonym  Sex Age Presenting concernsin - Number of ~ Number of  Length of time  Length of time with ser-
number (years) order of presentationor  sessions services fromreferral to vice from first appoint-
identification first appointment  ment to discharge
(days) (weeks)?
1 Viv Mae 12 Autism and ADHDb 10 4 30 32
2 Sam Male 9 ADHD 7 2 51 11
3 Rachel Femae 11 Autism 4 1 24 9
4 Lily Female 14 Low mood and self- 13 1 22 20
harm
5 Phoebe Female 15 Low mood, low 7 2 11 20
self-esteem, and minor
self-harm
6 Nadia Femae 13 Anxiety and panic 10 1 9 17
attacks
7 Gemma Femae 15 Low mood, low 17 3 4 27
self-esteem, self-harm
behaviors, and anxiety
8 Alex Female 8 Autism, ADHD, and 20 5 35 46
anxiety
9 Arun Male 8 Anger, aggression, and 8 4 18 26
autism
8Rounded to nearest week.

BADHD: attention-deficit/hyperactivity disorder.
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Figurel. Timeline of al 9 casesthrough Healios' services.
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Case Selection and Procedure

We used a multiple case-study design with 9 cases identified
using convenience sampling as representative of the service
lines offered by Healios[19]. To examinethe different pathways
that clients could take through Healios, researchers identified
contracts where multiple service lines had been commissioned,
and team leads were approached to think of relevant cases.
Inclusion criteria were patients who were aged <16 years, had
completed their full course of treatment or assessment, and
whose case had been closed by Healios (ie, had completed
feedback questionnaires and, where appropriate, had completed

https://formative.jmir.org/2021/9/e29845
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routine outcome measures [ROMS]). Cases were randomly
selected from relevant NHS contracts, and case notes were
checked against the inclusion criteria. Once cases that covered
arange of the services available to CYP at Hedlios as well as
the different pathways that could be taken were identified, no
further cases were sought. The relevant outcomes and process
datawere then extracted. Key themes and elements of web-based
work wereidentified from Stoll et a [10] and Nicholaset a [9]
to provide structure for the data extraction during which new
themes were added and existing themes reanalyzed and
recategorized. Following thisiterative process, 10 factors were
identified (Textbox 1).
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Textbox 1. The 10 key elements identified for data extraction.

Key elements (KEs) and evidence

KEL: Flexible delivery and timely response

« Availability of weekend or evening appointments; provision of short waiting times

KE2: Personalized care to the individual

«  Provision of person-centered care; tailored content; referrals to different pathways

KES3: Comprehensive care enabled by multiple interconnected services

«  Provision of referrals between different pathways within Healios

KEA4: Effective client engagement and productive therapeutic alliances

Burbach & Stiles

o Anaysisof Healios post session—ratings data

o  KES5: Use of multiple communication tools

« KEB6: Client satisfaction with the service

« KE7: Good clinical outcomes

« Analysis of routine outcome measures and goals

.  KE10: Management of risk and safeguarding

« Addressing of therisk or safeguarding concerns on the web

« Useof videoconferencing; provision of therapeutic information, interactive whiteboards, in-session rating scales and outcome measures

« Anaysisof the Friends & Family Test and the Healios Experience of Service Questionnaire data

«  KEB8: Ease of family involvement throughout sessions or from different locations

«  Theyoung person being joined in sessions by family members, or questionnaires completed by the family and the young person

.  KEOQ: Facilitation of multi-agency working and integration with National Health Service (NHS) services

« Integration into local NHS pathways, automated reporting, school input into assessments

Results

The 10 key elements (K Es) identified for the web-based service
provision are presented below. These have been identified
through previousliterature[9,10], with novel themesadded and
existing themes recategorized, as appropriate during data
extraction.

KE1: Flexible Delivery and Timely Response

Hedlios offers services between 9 AM and 8 PM,
Monday-Sunday, giving young people and their families
maximum flexibility in scheduling sessionsviatheir web-based
portal. Waiting time from referral to initial appointment ranged
from 4 to 51 days (mean 22.67, SD 14.59). For comparison,
in-house NHS autism assessments have an average waiting time
of 352 days from referral to diagnosis [20], and some local
CAMHS mental health services report a median waiting time
of 82-182 dayswith an overall average waiting time of 56 days
for treatment [21]. Thetotal time from referral to discharge for
the case-study group was between 18 and 51 weeks (mean 26.35,
SD 11.56).

https://formative.jmir.org/2021/9/e29845

Gemmahad her first appointment booked on the day her referral
was accepted and was seen 4 days later. Similarly, Nadia was
booked in for her first appointment within aday of her referral
being accepted and was seen 9 days later (see Table 1 for all
wait times from referral to first appointment). Lily booked the
majority of her sessionsfor weekday evenings and stated in her
first session that part of the appeal of Healioswasthat she could
still attend school as usual with timefor therapy in the evenings.
Alex and Arun also scheduled evening sessions; Alex did so to
coordinate the appointments with his father’s working hours.

Communication between Healios and myself was
really good, appoi ntmentswere made to accommodate
my rota at work, my daughter felt at ease speaking
with the clinicians. [Alex’s father]

It was good not having the long waits that have been
happening with CAMHS. Was good to be able to do
online sessions so asto reduce anxiety of my daughter
and really useful during COVID-19 to be able to
complete sessions. [Rachel’s mother]

Being able to be at home in my own surroundings
where | felt at ease. [Gemma]
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KE2: Personalized Careto the Individual

All session content was adapted to suit the young person, and
this was evident in al 9 exemplar cases. Gemma was referred
for a getting help assessment, where she disclosed severe low
mood and social anxiety symptoms, and wasreferred onto GBI.
Shemade progress but required further support and was stepped
up to CBT. She was initialy anxious about being on camera,
and the clinician suggested using a post-it note to block the
camera. After further sessions, she was more comfortable with
the camera switched on and felt that she was able to appear on
screen. Alex wasinitialy referred to the ND team but showed
symptoms of anxiety and reported intrusive thoughts during her
ND screening and autism assessment; she was referred to the
Mental Health CBT Pathway before starting her PDI sessions.
Phoebe was seen for a getting help assessment and was booked
for her first session of GBI in early May, but thiswas postponed
until the end of June because of exam commitments. Viv said,

It was just amazing they understood me. [Viv]

KE3: Comprehensive Care Enabled by Multiple
I nterconnected Services

Healios offers multiple service lines and, where commissioned,
can movereferral s between these services as appropriate. Hence,
young people experiencing multiple difficulties can receive
comprehensive care through interconnected digital pathways,
and 6 of the 9 cases received multiple services. Arun was
initially referred for a getting more help assessment and
subsequent CBT, but because of lack of engagement inthe early
sessions, hewasinternally referred for ND screening. Similarly,
Alex was referred to Healios for an ND screening and was
assessed for both autism and ADHD. However, during these
ons, she presented with symptoms of anxiety and intrusive
thoughts and was aso referred to within Healios for CBT
sessions in addition to PDI for autism.

As part of Healios' mental health services, getting help and
getting more help assessments are offered before treatment to
explore current difficulties, early life experience and
development, and to assessrisk. Both Phoebe and Gemmawere
referred to Healios for a getting help assessment, following

https://formative.jmir.org/2021/9/e29845
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which both were offered 6 sessions of GBI, with Gemmabeing
further stepped up to CBT on completion of GBI.

As demonstrated by these cases, web-based delivery enables
flexible and efficient provision of services while meeting
individual needswith an average waiting time between services
of 34 days (SD 30.39; median 31, range 13-98).

Very friendly, knowledgeable and helpful staff who
listen and really care. There was very little time to
wait between appointments, and we went through the
process very quickly. | would recommend Healios to
anyone. [Arun’s father]

K E4: Effective Client Engagement and Productive
Therapeutic Alliances

Effective client engagement and therapeutic aliance was
examined using Heali os postsession ratings (HPSR). At theend
of each session, clients rated 4 statements on a scale of 0-100.

In 6 cases, HPSR was used. With Nadia and Alex, HPSR was
used for every session of CBT, and with Viv, it was used for
all sessionsof PDI for ADHD; however, with Gemmaand Arun,
it was only used sporadically. Table 2 summarizes the average
scoresfor each statement given by theindividual casesinwhich
the HPSR was used.

For these cases, the average score given on the overall measure
of HPSR was 92.72 (SD 12.63; range 68.53-100), indicating
that sessions are appropriate, and the average subscale scores
of >90 suggest productive therapeutic aliances. In particular,
Viv and Alex consistently rated their sessions as 100, indicating
that they formed strong therapeutic allianceswith their clinicians
and were engaged with their sessions and treatment. This was
reflected in the feedback given by Viv's mother, “Listen, gave
constructive advice, didn't shy away from giving tough
messages.” Nadia also commented on the therapeutic aliance
formed, “They listened to me, took interest in what | had to say
and always had a positive response.”

Very friendly and approachable. Managed to get my
son engaged. [Arun’s father]

They spoke directly to my child making him feel
valued. [Viv's mother]
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Table 2. Average HPSR? scores by case.

Burbach & Stiles

HPSR scales Case

VivP Lily® Nadia®  Gemma® Alexd Arun'
Listened to (0="Did not listen to me”, 100="Listened to me") 100.00 99.03 100.00 85.64 100.00 99.90
Importance (0="What we did and talked about was not really that important 100.00 93.18 99.72 74.87 100.00 99.97
tome,” 100="What we did and talked about were important to me”)
What we did (0="1 did not like what we did today,” 100="1 liked what we  100.00 87.47 99.62 78.13 100.00 100.00
did today™)
Overall (0="1 wish we could do something different,” 100="1 hope we do 100.00 88.83 98.93 68.53 100.00 100.00

the same kind of things next time”)

3HPSR: Healios postsession ratings.

PHedlios postsession ratings completion rate: 100% (3/3).
CHealios postsession ratings completion rate: 46% (6/13).
YHealios postsession ratings completion rate: 100% (10/10).
®Healios postsession ratings completion rate: 70% (7/10).
"Healios postsession ratings completion rate: 75% (3/4).

KES5: Use of Multiple Communication Tools

All sessionstake place on Hedlios' clinical platform and involve
interactive activities, including completing formulations,
therapeutic exercises, rating scales, and using awhiteboard. The
use of thesefeatureswas evident in all 9 cases. Phoebe used the
interactive whiteboards during her getting help assessment to
describe her current feelings and how she found school,
friendships, and homelife using emojis and pictures. Lily used
the mood diary between sessionsto document her thoughts and
feelings, capturing when she had felt worried, which were
subsequently shared with her clinician in the next session.

In addition to HPSR, the interactive platform includes diding
scale measures for in-session self-rating of mood and the
severity of difficulties. The platform also allows clinicians to
share other resourcesin real time (eg, looking at websites) and
for Arun, thisincluded playing aweb-based, interactive version
of Connect4 at the beginning of his autism assessment to
promote engagement.

Question 12 of the Healios Experience of Service Questionnaire
(HESQ)—"The online interactive activities during my session
were helpful”—provides some feedback on the interactive
communication tools. Unfortunately, 2 of the 5 young people
who completed the HESQ answered “Don’t know” but 2
answered “Certainly true” and 1 answered “Partly true.”
Furthermore, 4 of the 5 parents who completed this question
responded “ Certainly true” and 1 responded “Don’t know.” We
do not have data from the other cases because of a technical
hitch with this questionnaire, but it is worth noting that in
response to this question, for the service as a whole, 66.7%
(1917/2874) of parents and young people responded “ Certainly
true;” 18.93% (544/2874), “ Partly true;” 2.75% (79/2874), “ Not
true;” and 11.62% (334/2874), “Don’t know.”

The staff werenice. | liked the part wherewehad 1: 1
sessions and enjoyed the activities that we did.
[Rachel]

https://formative.jmir.org/2021/9/e29845

KE®6: Client Satisfaction With the Service

All cases reported satisfaction with the services received.
Feedback was routinely collected from young people and their
families at the end of assessment or treatment using the NHS
Friends and Family Test (FFT) and the HESQ. The FFT asked
if they would recommend the service to others, with responses
recorded on a5-point scale (young person version: 0="1 disagree
alot” and 4="1 agree a lot”; parent version: 0="Extremely
unlikely” and 4="Extremely likely”). The HESQ comprised 12
items, 9 relating to satisfaction with the care received and 3 to
the web-based processes or environment, all being rated on a
3-point scale (0="Not true,” 1="Partly true,” and 2="Certainly
true”). Both questionnaires also invited comments on things
that went well and suggestions for improvement. In all cases,
either the FFT or HESQ had been completed by the young
person and/or their parents, and in some cases completed
multiple times after different services. In 6 cases, both the FFT
and HESQ were completed (Table 3).

Sam answered 8 HESQ questions on care and 2 on environment,
answering “ Certainly true” for all questions except It was easy
to talk to the people who saw me and If a friend needed this
sort of help, do you think they should come here?’” to which he
answered, “Partly true.” Both Sam and his mother responded
to the same 10 of the 12 questions, not answering “Were you
given enough explanation about the help available here?’ and
“The online activities in my sessions were helpful.” Sam's
mother responded “ Certainly true” to all the other questions. It
is not clear why they did not answer 2 of the HESQ questions,
but it is interesting to note that Sam’'s mother also completed
the FFT and responded that it would be “Extremely likely” that
she will recommend the service to others. She also wrote an
unsolicited letter in which she thanked the clinician for her
“ professionalism and kind heart,” saying that it was " like having
agenie in a bottle: she recommended so many improvements
asif she’'d known my son all hislife”

Gemma answered 4 HESQ care questions, rating “| have been
given enough explanation about the help available here” as
“Certainly true” and “1 feel that the people who saw melistened
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to me, My views and worries were taken seriously,” and
“Overall, thehelp | havereceived hereisgood” as“Partly true.”
It is not clear why she did not answer the other questions, but
in the free text she added that “Being understood,
non-judgemental” was what she liked about the care. Gemma
did not complete the HESQ following her CBT and GBI, but

Burbach & Stiles

her mother completed the HESQ for all servicesand responded
“Certainly true” to all questions.

Engaging Healios was one of the best decisions|’ve
made in my life...Because of Healios, there is now
light at the end of the tunnel. [Sam’s mother]

Table 3. FFT?and HESQP responses by case.

Case Service feedback given for FFT HESQ (maximum score of 24 if al 12 questions are compl eted)
Young person  Parent Young person Parent

Viv ND° screen “l agreealot”  “Extremely likely” __d —

Viv PDI® for ADHD' “l agreealot”  “Extremely likely”  23/24 (17/18 + 6/6) 24 (18/18 + 6/6)

Sam ADHD assessment — “Extremely likely”  18/20 (14/16 + 4/4) 20/20 (16/16 + 4/4)

Rachel  Autism assessment “l agreealot”  “Extremely likely” — —

Lily cBTY “l agreealot” — 22/22 (18/18 + 4/4) —

Phoebe Getting help assessment — “Extremely likely” — —

Nadia CBT “| agreealot”  “Extremely likely”  24/24 (18/18 + 6/6) 24/24 (18/18 + 6/6)

Gemma Getting help assessment “l agreealot”  “Likely” 10/14 (5/8 + 5/6) 24/24 (18/18 + 6/6)

Gemma gpgh — “Extremely likely” — 24/24 (18/18 + 6/6)

Gemma CBT — “Extremely likely” — 24/24 (18/18 + 6/6)

Alex ND screen — “Extremely likely” — —

Arun Getting more help assessment — “Extremely likely” — 22/22 (16/16 + 6/6)

Arun ND screen — “Extremely likely” — —

Arun Autism assessment — “Extremely likely” — 23/24 (18/18 + 5/6)

3FFT: Friends and Family Test.

by ESQ: Healios Experience of Service Questionnaire.
°ND: neurodevelopmental.

Hhe questionnaire had not been compl eted.

®PDI: postdiagnostic intervention.

fADHD: attention-deficit/hyperactivity disorder.
9CBT: cognitive behavioral therapy.

hGBI: goal-based intervention.

KE7: Good Clinical Outcomes

Standardized assessment measures were used as part of clinical
and diagnostic assessments and to measure therapeutic progress.
The Revised Children’s Anxiety and Depression Scale (RCADS)
and Strengths and Difficulties Questionnaire (SDQ) was used
with all the cases, except with Sam, where only the SDQ was
completed because of technical problems. In GBI and CBT
cases, the RCADS[22,23] and SDQ [24] were completed before
and after the course of intervention as outcome measures, with
any missing databeing related to parental noninvolvement after
initial assessment in the case of older children. There is aso
clear evidence that session-by-session outcome measures, Young
Person Clinical Outcomes in Routine Evaluation (Y P-CORE)
[25], and goal-based outcomes (GBOs) [26] were successfully

https://formative.jmir.org/2021/9/e29845

used to complement the RCADS and SDQ, where there was a
risk of incomplete data. GBOs assessed progress toward
idiosyncratic therapeutic goals using a 0-10 scale, whereas the
Y P-CORE, a10-item self-report questionnaire, covered anxiety,
depression, trauma, physical problems, functioning, and risk to
self. This is scored on a 5-point scale (0="not at al” and
4="most or al of thetime”). YP-CORE total scoresupto5 are
considered hedlthy; 6-10, low level; 11-15, mild; 16-20,
moderate; 21-25, moderately severe; and above 25, severe
problems (Table 4). In most cases, the outcome measures
detected reliable and/or clinical improvement (reliable
improvement was considered as statistically significant change
and clinical improvement as scores changing from above to
below the clinical cut-off).
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Table 4. Available outcome data by case.
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Questionnaire and timepoint Case
Lily Phoebe Nadia Gemma Alex
RCADS® el
Before treatment 73 (clinical) 61 (normal) 69 (borderline 78 (clinical) 62 (normal)
clinical)
End of treatment 54 (normal)b'c 53 (normal) 33 (normal)b'c 61 (normal)b'c 54 (normal)
RCADS parent
Before treatment 65 (borderline 67 (borderline 77 (clinical) _d 87 (clinical)
clinical) clinical)
End of treatment — — 51 (normal)®¢ 79 (clinical) 79 (clinical)
SDQ® self
Before treatment 20 (very high) 21 (very high) 22 (very high) 23 (very high) —
End of treatment 9 (average)®® — 8 (average)®® 17 (raised)” —
SDQ parent
Before treatment 12 (average) 13 (average) 22 (very high) — 24 (very
high)
End of treatment — — 13 (average)®¢ 18 (high) 26 (very
high)
Goals
When set-end of treatment
God 1:6-9°  Goadl 1:3-8°  Goa 1:0-10°  GBI'—goa 1:0-2 CBT%—god 1:2-3 Goal 1: 1-6°
Godl 2: 7-8 Goal 22 2-7°  Goa 2: 4-10¢  Goa 2:0-1 Goal 2:3-4 —
— — Goa 3:0-3°  God 3: 4-10° God 3: 4-2 -
— — — Goal 4: 0-2 Goal 4: 5-3 —
— — — Godl 5:1-1 Goal 5: 0-0 —
— — — Goadl 6: 0-0 — —
— — — Goadl 7: 0-1 — —
— — — Goadl 8: 0-0 — —
YP-COREM
Before treatment — 18 (moderate) 11 (mild) 36 (severe) 18 (moder-
ate)
End of treatment — 8 (low-level 0 (hesl thy)b' ¢ 19 (moderate)b’ c 20 (moder-
problems)®€ ate)

3RCADS: Revised Children’s Anxiety and Depression Scale.
bClinical improvement.

‘Reliable improvement.

The questionnaire had not been completed.

€SDQ: Strengths and Difficulties Questionnaire.

fGBI: goal-based intervention.

9CBT: cognitive behavioral therapy.

Py P-CORE: Young Person Clinical Outcomes in Routine Evaluation.

Gemma was initidly referred for a getting help assessment,
because she struggled with significantly low mood, anxiety and
insomniarelated to long standing social relationship difficulties
and bullying at school. Her initial score of 36 onthe YP-CORE

https://formative.jmir.org/2021/9/e29845
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indicated severe problems, but following the available six
sessions of GBI, her scores had only slightly improved, and she
was stepped up to CBT. When she started her CBT treatment
afortnight later, Gemmacompleted the RCADS and SDQ, both
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of which indicated clinically significant problems. Following
10 sessions of CBT that focused on understanding and coping
with anxiety, especially in group situations at school, all of her
outcome measures showed clinically significant improvement:
her YP-CORE scores had reduced to the moderate level, the
RCADS changed from clinical and fell within the normal range
and SDQ scores reduced from very high to raised.

Alex was initially referred to the ND pathway for a screening
consultation and was diagnosed with autism. During the
assessment, she disclosed intrusive thoughts and feelings of
anxiety, which was reflected in the anxiety subscale of the
RCADS. Shewasreferred for 10 sessions of CBT that focused
on psychoeducation around anxiety and exposure to situations
aswell as sleep hygiene and thought challenging. At the end of
treatment, Alex’s scores on the RCADS had reduced overall
and the anxiety subscale score fell within the normal range,
showing clinical improvement on thismeasure. Although Alex’s
father’s score on the RCADS had reduced, they still fell within
theclinical range. No improvement was seen on the SDQ, which
was also completed by him. YP-CORE scores also remained
consistent, suggesting that Alex was still experiencing moderate
problems. Thismay berelated to her autism and, therefore, was
addressed in her subsequent PDI.

Idiographic measures such as GBOs are highly sensitive to
therapeutic change [27], and an improvement of 2.45 points
represents a reliable change [28]. Phoebe set 2 goals in GBI
session 1 and made steady progress throughout the 6 sessions.
Her first goal, “Be more confident,” increased from a score of
3108, and her second goal, “ To self-harm less,” increased from
ascore of 2to 7, indicating reliable change on both by session
5 (given that the primary focuswas on relapse prevention, goals
were not scored in thefinal session). Phoebe'simprovement on
GBOs was mirrored by her steadily decreasing scores on the
YP-CORE from 18 (moderate problems) to 8 (low-level
problems). In contrast, Lily set 2 goals in her fifth session of
CBT, and her goal ratings fluctuated during treatment. Her first
goa was to challenge her thoughts, and athough this was
initially rated as 6, it decreased to 4 in her eighth session, during
which shereported that she had experienced exam-related stress.
During her final 13th session, she rated this goal as 9. Her
second goal, “to be less self-critical,” was initialy rated 7 and
remained steady before being rated 6 at week 12 and then 8in
her final session. Therefore, Lily exhibited reliable change on
her first goal only while her RCADS and SDQ scores showed
significant clinical improvement, that is being within the normal
range at the end of treatment.

Nadia was also referred to Healios for CBT and set goals in
session 3. Her first goal was to be more proactive after school
and on weekends. This goa was scored 0 when set but it
increased throughout the course of CBT and was scored 10
(fully achieved) in her final (10th) session. Her second goal was
to get herself ready for mathematics lessons; this goal, which
was initially scored 4, was fully achieved by session 5. Nadia
also aimed to have multiple horse-riding lessons and set this as
her third goal; this goal was scored a 0 when set and increased
to 3 in her final session. Therefore, Nadia showed reliable
change on al her goals. Despite Nadias significant
school-related difficulties detected in the first session, her
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Y P-CORE scorewas 11, putting her in the mild problemsrange.
Her RCADS and SDQ scores indicated clinically significant
problems, which were mirrored by her mother’s scores (Table
4). Although her YP-CORE scores fluctuated between 2
(healthy) and 8 (Ilow-level problems) week after week between
sessions 2 and 9, they dropped to 1 in her fourth session. This
session took place over the Christmas holidays and Nadia
reported reduced anxiety because she did not have to attend
school. Despite her Y P-CORE scoresincreasing again after the
Christmas period, by the end of treatment, she had returned to
school and her YP-CORE score was 0; her RCADS and SDQ
scores were in the normal range.

Already, ‘Sam' finds it easier to fall asleep and his
self esteem has improved. [Sam’s mother]

It is such arelief to finally have some answers asto
why ‘Arun’ has been struggling so much. [Arun’s
father]

K E8: Easeof Family Involvement Throughout Sessions
or From Different L ocations

In all 9 cases, there was evidence that parents were involved in
someor all of the sessions. Some of the older children had their
parent or parents attending either the beginning of the sessions
or just their first session. There was also evidence in all cases
of parents completing ROM S and feedback questionnaires.

Both cases 4 and 6 had parental involvement throughout their
CBT, with Nadia's mother joining her throughout the 10
sessions of CBT. In contrast, Lily wasjoined by her mother for
only 3 of her 13 CBT sessions. This demonstrates the
collaborative nature of the sessions, with Lily being able to
choose when her mother could join her sessions. In both cases,
however, family was found to be a protective factor. Both the
young people reported that when they were struggling between
sessions, they felt that they were able to speak to their mothers
for support.

In Arun’s case, his father’sinvolvement appeared integral, and
he attended all the sessions. Arun wasinitially referred for CBT,
following a getting more help assessment; however, after the
first few sessions, it became apparent that Arun was not
engaging with treatment. Despite this, Arun’s father attended
the sessions and spoke about the impact that Arun’s current
difficulties were having on the whole family. After talking this
through with their Healios CBT therapist, it was decided to refer
Arun to the ND pathway for assessment. Had it not been for
Arun’sfather’sinvolvement, it may have been more challenging
to understand his difficulties and what services he required and
following his disengagement from CBT, he may have been
discharged without further assessment.

When Gemma’'s mother joined for her first session of GBI,
Gemma felt comfortable to attend the subsequent sessions on
her own. For sessions 2-6, her mother only joined for the first
few minutesto givethe clinician an update on their week before
leaving Gemma and the clinician to work together.

Whereas the waiting lists for CAMHS were very
lengthy, our experience with Healios has taken but a
couple of months. For that, we thank you because
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much more waiting could have resulted in the break
up of our family as we were at crisis point. [Arun’'s
father]

KE9: Facilitation of Multi-Agency Working and
Integration with NHS Services

Web-based working facilitates multi-agency working and the
ability to integrate with NHS services. There was evidence of
integration with NHS servicesin all 9 cases of this study. In all
the cases, detailed reports were written on completion of the
service and shared directly with the referring CAMHS services
and genera practitioners.

For autism and ADHD services, clinicians benefit from the
digital clinical records platform, which pulls the assessment
scores into a template report. This means that clinicians can
input assessment scores once only; this prevents errors in the
writing of the bespoke report. Once completed, the report is
automatically shared with the referring services through their
referral portal and the family through their own portal. This
process was followed in cases 1, 2, 3, 8, and 9.

In cases where multiple services had been received, integration
with the NHS was vital to ensure that local teams were kept up
to date with the progress of the young person. For example, in
Arun’'s case, detailed reports were written up following his
getting more help assessment, CBT, ND screening consultation,
and autism assessment. These contained an overview of what
had been discussed and the agreed upon next steps. All 4 of
these reports were shared with the referring CAMHS services,
so they were aware and up to date on Arun’s care. Arun and his
parents could also access these reports through their portal.

Integration with the NHS is also important to ensure that care
continues seamlessly with local teams where necessary. This
was important in Gemma’s care, as after receiving both GBI
and CBT, her clinician thought that it might be helpful for her
to be offered further intervention to build on the progress that
she had made. The loca CAMHS team was updated on her
treatment through a comprehensive summary report and they
agreed that a medical review appointment would be useful to
inform the next steps and ensure that Gemma continued to
receive the support she needed.

School input is sought as part of the ND services provided by
Healios. Thisinput from teachersand special educational needs
coordinators offerscrucial insight into young people's behavior
while at school. This was particularly important in Alex’s
ADHD assessment. Although her parents reported her to be
very hyperactive at homewith difficulties sleeping, her teachers
described her as more withdrawn and shy at school. One of her
teachers also completed the Conners-3 questionnaire, giving
her average scores on all subscale measures of inattention,
hyperactivity or impulsivity, learning problems, defiance or
aggression, and relationships. Consequently, the patient did not
meet the criteriafor adiagnosis of ADHD.

As part of Viv's autism assessment, his school was sent a
guestionnaire to provide information on their current concerns
and insights into his peer reationships, behavior,
communication, and academic attainment. As his assessment
occurred during the school summer holidays, the school did not
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submit their feedback until the term started again. This meant
that there was adelay in his autism assessment outcomes. Once
thisfeedback wasreceived, the multidisciplinary team wasable
to meet to discussall theinformation and arrive at aconclusion.
The school then aso provided input for Viv's ADHD assessment
and completed the Conners-3 questionnaire. Both of these
assessment reports were written, including the school’s input,
and shared with the referring CAMHS service as well as with
Viv and his family. Families are encouraged to share these
reportswith the school to ensurethat they can support the young
people.

KE10: Management of Risk and Safeguar ding

A commonly expressed concern regarding web-based
assessments and treatment is that clinicians might not be able
to accurately assess and effectively manage risk and
safeguarding concerns. Healios follows strict risk and
safeguarding protocols to manage any risks arising during
sessions and communicates closely with the referring NHS and
safeguarding teams when alocal response is required.

All 9 cases underwent arisk assessment, but only Lily presented
with concerns that required further action. She disclosed
previous self-harm and suicidal thoughts and a current plan to
end her life but no intent to do so. Due to the historical nature
of suicidal ideation, no action was taken at this stage, but the
risk was monitored in each session. In the middle of Lily's
treatment, her mood dropped and her mother joined a session
to disclose worries of risk to self over the previous week. Lily
said that she had been having thoughts of being worthless and
suicidal ideation; however, she reported no intent to act on these
thoughts. During this session, a crisis management plan was
formed, and protective factors and distraction techniques were
discussed for Lily to usewhen feeling low. The Healiosclinician
was able to share the number for the local CAMHS crisisteam
if Lily’s mother had any concerns about Lily’s well-being
between sessions. A risk assessment form was compl eted, the
Head of Mental Health Services at Healios was informed, and
the risk assessment and management plan was shared with the
local CAMHS service. Risk was then monitored closely for the
remaining 8 sessions.

Incases 1, 5, 7, and 9, lower-level concerns around risk were
identified during risk screening and crisis phone numbers were
shared for families to use if they had any concerns between
sessions. In addition, a risk capture form was completed and
attached to the session summary so that it could be accessed by
the referring CAMHS team.

Discussion

Principal Findings

The purpose of a RE is to assess whether a program or service
worksin aparticular context. In this study, we analyzed 9 cases
that had received a digital mental health or ND service viathe
Healios web-based platform to verify our mid-range theory and
our CMO statements.

We identified 10 KEs:
- KEZX: Flexible delivery and timely response;
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«  KEZ2: Personalized care to the individual;

- KE3: Comprehensive care enabled by multiple
interconnected services,

- KE4: FEffective client engagement and productive
therapeutic alliances;

«  KE5: Use of multiple communication tools;

- KE®6: Client satisfaction with the service;

- KE7: Good clinical outcomes,

- KES8: Ease of family involvement throughout sessions or
from different locations;

- KE9: Facilitation of multi-agency working and integration
with NHS services;

«  KE10: Management of risk and safeguarding.

These elements supported the 6 CMOs. There was clear
evidence that young people and their families valued the
responsiveness and flexibility of the web-based mental health
and ND servicesand, in particular, how quickly they were seen.
There was also clear evidence of individual needs being met,
good therapeutic aliances, and client satisfaction. Multiple
communication tools appeared to maximize engagement and
working on theinternet facilitated multi-agency communication
and delivery of safe care. The above factors may be related to
the finding of good clinical outcomes, but the methodology of
this study does not allow any conclusionsto be drawn regarding
causality. Nonetheless, this study has verified our program
theory regarding digital mental health and ND services and
provides useful insights for the further development of digital
services.

Limitations

Asthisisqualitative research using aconvenience sample, albeit
cases selected in arandom fashion to provide datain line with
the aims of the study, these results are not necessarily
representative of the service as awhole, and the results cannot
be generalized to other digital services. For example, this study
does not explore nonengagement or dropout from digital services
[29-31], and other digital providers using other technical
platformsand procedures may not reali ze equivalent advantages.
In addition, all cases explored were CYP; therefore, the
mechanisms detailed here may not be applicable to adult
populations. Studies of thistype are potentially open to selection
bias, asweonly report 9 cases. However, this methodol ogy was
appropriate to identify the KE of web-based service delivery
and explore whether interconnected digital mental health and
ND services can be effectively delivered.

Potential Advantages of Web-Based Services

The 9 cases demonstrate the potential advantages of web-based
service delivery for the collection of outcome and satisfaction
data. Although there were some missing data, which appeared
to be the result of arange of factors including system failures,
the data available were more comprehensive than that available
in most in-person services. It is suggested that information
technology infrastructureswould hel p with this problem [32,33].
Collecting ROMS is quick and easy to perform on the web.

https://formative.jmir.org/2021/9/e29845

Burbach & Stiles

Clients can complete measures in privacy in the electronic
waiting room before the ons, and interactive measures can
also be used during sessions. Digital delivery maximizes the
potential for meaningful integration of outcomesin the clinical
process and the delivery of feedback-informed treatment [34].

These cases demonstrate that the web-based delivery of services
also enables the appropriate involvement of family members
or significant others, with people being able to attend from
different locations. In all 9 cases, parents attended one or more
ons as decided by the young person, which enhanced their
sense of autonomy. Parents appreciated the way in which they
wereableto join sessions, often to suit their work commitments.
There was also evidence of the sessions being scheduled to fit
around the young person’s school commitments, although some
other young people had chosen to have their sessions while at
school (with their school’s support). Although none of these
cases involved peers in the sessions, this would be another
potential advantage of web-based services.

It appears that web-based services have the potential to engage
young people who might not otherwise be able to access
in-person services and that the provision of having web-based
services has many advantages. Another advantage that these
particular cases have clearly demonstrated isthe ability to offer
interconnected digital services and to integrate services with
the NHS. Working digitally enables seamless coordination and
efficient delivery of care.

Comparison With Prior Work

Although the effectiveness and acceptance of digital mental
health solutions have been widely researched [7,10,11], thishas
mainly been with adults, and there have been calls for further
research into this method of delivery with CYP[8]. There have
been no reports of digitally native mental health and ND
services.

Initial data extraction was informed by previous studies [9,10]
identifying various elements of digital service delivery. Our
study confirmed these elements within Healios' services and
identified additional key themes, such as multi-agency working
and integration with the NHS. This study also highlighted the
advantages of interconnected digital servicesand digital delivery
of ROMS.

Conclusions

This study demonstrates the effectiveness of interconnected
digital mental health and ND services, and how web-based
delivery enables young people and their families to access
assessments and interventions in a more timely, flexible, and
person-centered manner than in-person delivery. These 9 cases
from the established digital mental health and ND services
provided by Healios illustrated the potential afforded by
web-based delivery beyond COVID-19 restrictions. We hope
that the 10 elements identified will inform future research and
facilitate the delivery of high-quality digital mental health care
and ND services.
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Abstract

Background: Glaucoma, thesilent thief of sight, isamajor cause of blindnessworldwide. It isaburden for peopleinlow-income
countries, specifically countries where glaucoma-induced blindness accounts for 15% of the total incidence of blindness. More
than half the people living with glaucomain low-income countries are unaware of the disease until it progresses to an advanced
stage, resulting in permanent visual impairment.

Objective: This study aims to evaluate the acceptability of the Glaucoma Easy Screener (GES), alow-cost and portable visual
field screening platform comprising a smartphone, a stereoscopic virtua reality headset, and a gaming joystick.

Methods: A mixed methods study that included 24 eye care professional sfrom 4 hospitalsin Southwest Ethiopiawas conducted
to evaluate the acceptability of GES. A pre-post design was used to collect perspectives before and after using the GES by using
guestionnaires and semistructured interviews. A Wilcoxon signed-rank test was used to determine the significance of any change
in the scores of the questionnaire items (two-tailed, 95% Cl; a=.05). The questionnaire and interview questions were guided by
the Unified Theory of Acceptance and Use of Technology.

Results: Positive results were obtained both before and after use, suggesting the acceptance of mobile health solutions for
conducting glaucoma screening by using a low-cost headset with a smartphone and a game controller. There was a significant
increase (two-tailed, 95% Cl; a=.05) in the average scores of 86% (19/22) of postuse questionnaire items compared with those
of preuse questionnaire items. Ophthalmic professionals perceived GES as easy to use and as atool that enabled the conduct of
glaucoma screening tests, especially during outreach to rural areas. However, positive eval uations are contingent on the accuracy
of the tool. Moreover, ophthalmologists voiced the need to limit the tool to screening only (ie, not for making diagnoses).

Conclusions: This study supports the feasibility of using a mobile device in combination with alow-cost virtual reality headset
and classic controller for glaucoma screening in rural areas. GES has the potential to reduce the burden of irreversible blindness
caused by glaucoma. However, further assessment of its sensitivity and specificity is required.

(IMIR Form Res 2021;5(9):€26602) doi:10.2196/26602

KEYWORDS

mHealth acceptance; UTAUT,; glaucoma screening; mhealth for eye care; mhealth; glaucoma; visual; eye; ophthalmology;
ophthalmic; mobile phone
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Introduction

Background

Glaucoma is the leading cause of irreversible blindness
worldwide, affecting approximately 64 million people[1,2]. A
large proportion of glaucoma casesworldwide are undiagnosed
or suboptimally managed [3]. More than haf of the people
living with the disease in low-income countries are unaware of
the condition until it progresses to an advanced stage resulting
in visual impairment [4,5]. As blindness caused by glaucoma
isirreversible, early detection of the diseaseiscritical [6]. Visua
field testing (VFT) is one of the maor tests used for the
screening and diagnosis of glaucoma [7]. The test assesses
central and peripheral vision of each eye separately to detect
vision loss, which, in case of glaucoma, gradually progresses
from the periphery to the center. The test is mostly performed
using standard automated perimetry (SAP) equipment, which
is expensive and not easily portable [8]. During the test, the
patient is expected to look at the center of a dimly lit
bowl-shaped area and press a response button upon seeing a
small oval light appearing briefly at different placesin thefield
of view [9]. The equipment records the seen and unseen lights
and at the end of the test, provides a result representing the
visual field status of each eye. For people living in rural areas
inlow-income countrieswith limited accessto ophthalmic care,
glaucomascreening and diagnosistesting through VFT isnearly
nonexistent [5]. If an affordable aternative to the SAP
equipment were to become available, it is likely that more
glaucoma cases can be detected, especialy in rural areaswhere
the burden of the disease is most significant [10].

Mobile health (mHealth)—the use of mobile computing and
communication technologiesin health careand public health—is
an emerging field. Its potentia for improving health care
delivery has been well demonstrated [11-13]. mHealth
interventions have proven particularly successful in improving
accessto eye careinlow-income countries challenged by alack
of eye care professionals [14]. Recent efforts have focused on
designing affordable and portable technology for conducting
VFT using tablets[15] or smartphoneswith virtua reality (VR)
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headsets [16]. Thus far, studies evaluating these VFT solutions
are limited to clinical validation of prototypes in high-income
countries, comparing their resultswith those of the gold standard
SAP equipment. SAP equipment costs around US $20,000,
whereas the cost of a stereoscopic headset, smartphone, and
gaming joystick is approximately US $350 at current prices;
hence, only afraction of the cost of the gold standard. However,
such low-cost and portable alternatives are to be used in rura
areas of ow-income countries. The context of these areas is
unique in terms of technology adoption, presenting challenges
such astechnological ineptitudes or obstructive cultural beliefs
[17,18]. The successful adoption of new technology for health
care in low-income countries is highly dependent not only on
clinical accuracy but also on, for example, perceived ease of
use and alignment with available infrastructure and protocols
[19,20]. Hence, complementary to verifying theclinical accuracy
of new technological innovationsfor health care, an assessment
of the drivers for user acceptance iscrucial.

We conducted a mixed methods study to evaluate the
acceptability of the GlaucomaEasy Screener (GES), alow-cost
and portable visual field screening platform comprising a
smartphone, a stereoscopic headset, and a gaming joystick
(Figure 1). The study included 24 eye care professionals from
4 hogspitals in Southwest Ethiopia. A pre-post design was
employed to collect their perspectives before and after using
the GES, using questionnaires and semistructured interviews.
The questionnaire and interview questions were guided by the
Unified Theory of Acceptanceand Use of Technology (UTAUT)
[21], which is widely applied to study the adoption of
technol ogy. Previous studies have demonstrated the applicability
of the model for the adoption of mHealth and eHealth in
low-income countries[17,22,23]. The specific research aims of
this study were (1) to assess the acceptability of GES and (2)
to identify potential challenges that might affect the adoption
of GES. Findings from this study suggest acceptance of GES
for glaucoma screening, even in rural areas of low-income
countries where patients lack technological aptitude.
Nevertheless, our findings a so highlight theimportance of using
the tool for screening only and not for diagnosis, and the
importance of achieving adequate accuracy.
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Figure 1. The three components of Glaucoma Easy Screener: smartphone app, virtual reality headset, and joystick.

Related Work

A number of studies exist on the use and acceptance of mHealth
in the context of low-income countries. mHealth solutions have
been proposed for several health care interventions, such as
support for patients with HIV [23], neonatal child care [24],
and diagnosis and treatment of pneunomia[25]. Although most
of these studies show positive results for the acceptability and
usability of mHealth in low-resource settings such as
sub-Saharan Africa, their findings cannot be generalized for
eye care.

To the best of the authors’ knowledge, there are only 2 studies
on the acceptability and usability of mHealth for eye care in
middle-or limited-income countries. Lodhia et a [24]
investigated the acceptability and usability of the portable eye
examination kit, asmartphone-based comprehensive ophthalmic
examination system with clip-on hardware to examine eye
diseases such as cataract, which was deployed in Kenya. On
the basis of qualitative analysis of interviews with patients,
health care providers, and key decision makers in ophthalmic
care, the study found that using portable eye examination kit
patients were able to overcome the barriers to accessing
ophthalmic services. The acceptability of the solution to health
care professionals was further demonstrated by their perceived
ability to use the solution easily. However, deployment
challenges identified by the study, such as the need for
governmental support, further training for hedth care
professionals, ensuring data protection, and access to
smartphones at low cost. Ludwig et a [25] evaluated the
feasibility of a smartphone-based ophthalmic imaging system
(eyeGo) in India. The study found that ophthalmic professionals
(OPs) learned to use the system quickly. Patients also found it

https://formative.jmir.org/2021/9/e26602
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comfortable during the imaging process. The above 2 studies
show encouraging results for the feasibility and potential
acceptability of mHealth-based solutions for eye care in
low-income countries. However, both studies addressed the
application of smartphones for ophthalmic imaging to examine
diseases such as cataracts. More evidence is required on the
acceptability and usability of mHealth to perform visual field
screening tests, which play a key role in the screening and
diagnosis of other eye diseases such as glaucoma.

The UTAUT

The UTAUT is widely applied to study the adoption of
technology [21] and is a@so used in a health context [26-32].
The UTAUT model identifies four drivers of technology
adoption. Performance expectancy (PE) is the degree to which
auser or potential user of an information system believes that
the system will contribute to the attainment of some benefits
related to his or her job performance. Effort expectancy (EE)
is the degree to which an information system is easy to use.
Social influence (S1) refers to the degree to which individuals
perceive that influential people believe they should use a new
information system. Facilitating conditions (FCs) are defined
as the extent to which an individua believes that there is
technical and organizational infrastructure to support the use of
an information system. These four drivers are direct
determinants of behavioral intention (BI) and, ultimately,
use-behavior (Figure 2). In addition, gender, age, experience,
and voluntariness of use were posited to moderate the four
constructs.

Gender, age, experience, and voluntariness of use were posited
to moderate the four constructs.
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Several studies have applied this model to scrutinize the
adoption of mHealth and eHealth in various contexts, including
in low-income countries [17,22,23,33]. Most of these studies
adapted and extended the UTAUT model by tailoring items or
adding items from the origina study [21] to cater to specific
technology categories or application domains [34,35].

Nidaet al

To the best of our knowledge, no studies have investigated the
acceptance of mHealth among eye health care professionalsin
the context of glaucoma screening. Given the unique context
of designing mHealth solutions for glaucoma-related eye care
in low-income countries, further evidence is required from
different countries to guide the design of mHealth for eye care
in various contexts.

Figure 2. The Unified Theory of Acceptance and Use of Technology model by Venkatesh et a [21].

Performance
Expectancy

Effort
Expectancy

Social
Influence

Facilitating
Conditions

Use
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Behavioral »
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Experience of Use

Methods

Overview

In this study, the acceptance of a smartphone-based visual
field-testing platform for glaucoma screening was evaluated
through a combination of a UTAUT-based questionnaire and
semistructured interviews. A pre-post design was applied to
assess the changes in attitudes toward GES after practical use.
We assessed the initia attitude toward the glaucoma screener
of 24 OPs who had never used an mHealth glaucoma screener.
Furthermore, we assessed changesin attitudes after thefirst use
of the screener. A qualitative analysis of the interviews was
used to further elaborate the quantitative dataand gain additional
feedback. This study was approved by the ethical review board
of the Ingtitute of Health, Jimma University. Written informed
consent was obtained from all participants.

The GES

The GES combines a smartphone app that runs on the Android
platform, an ordinary gaming joystick, and a VR headset to
perform quick visual field screening tests (Figure 1). The app
was designed on the basis of user and task analysis of eye care
in Southwest Ethiopia[36], to be used as afirst-hand screening
tool for diseases such as glaucoma. Given the limited access to
primary eye care in these areas because of a shortage of both
OPs and diagnostic equipment [36], GES enables local health

https://formative.jmir.org/2021/9/e26602

RenderX

centers to screen for potential cases and make more informed
referral decisions.

As VFT is a subjective test performed by the patient, a clear
understanding of thetest proceduresisrequired to obtain reliable
results. Patients are expected to stay focused and respond to the
stimuli presented, and the test mainly relies on the performance
of the patient. The role of the OP isto monitor the progress of
the test and guide the patient to perform the test. Patients
performing VFT for thefirst time are given an explanation about
the test, mostly focusing on the need for fixation of the eye and
providing responses only after perceiving a stimulus. GES
includes ademonstration animation to help OPs explain the test
procedure to patients. The demo animates the actual test
environment with stimuli flashing at different locations on the
screen around a central fixation target. During the test, patients
wore the VR headset and responded to perceived stimuli using
ajoystick (Figure 3).

Each eyeistested separately. A sound marksthe end of the test
for each eye, upon which the OP is required to take off the
headset and start the test for the other eye. Thetest duration per
eyerangesfrom 2 minutes (for those with no visual field defect)
to 5 minutes (for those with an advanced visual field defect).
At theend of thefull test, the OPs check thetest resultsfor each
eye. The screening results are presented on the smartphone
screen by plotting seen and missed stimuli a ong with other test
parameters, such as test duration and reliability indicators
(Figure 4).
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Figure 3. Left: An ophthalmic nurse demonstrating the test procedure to a patient using the demo app. Right: The ophthalmic nurseis monitoring the
progress of the test with Glaucoma Easy Screener.

Figure 4. Thetest scenefor theleft eye is shown at the top with a central fixation target, and a sample result from the Glaucoma Easy Screener test is
shown on the bottom. For the test results, plus ("+") signs represent seen (normal) locations and black squares represent missed (abnormal) locations.

Sedekiioiciiiciickiiciciicoicioioioiok.
ID :67

Date :2019-06-14 17:06:57
Last Name :Dawit

Invalid Responses: 1
Fixation Losses :2/6

False Positive Ermrors: 0/6
Total Questions :46

Test Duration :2.07 min
Left Eye
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Participants and Setting

The study was conducted at 4 different hospitals in Southwest
Ethiopiain August and September 2018. The first hospital was
Jimma University Medical Center in the town of Jimma, which
is the only tertiary hospital in the southwest region. Jmma
University Medical Center has an ophthalmology department
providing tertiary eye care for a population of more than 20
million people in the region. Approximately 23 OPs who are
usualy involved in the screening and diagnosis of patients,
including ophthal mic residents, ophthal mic nurses, optometrists,
cataract surgeons, and opticians, were invited to participate in
the study. Of these 23, 19 accepted the invitation. Each OP was
asked to recruit a patient for the user test from among those
who were screened that day. There were no specific inclusion
criteria for the selection of patients, but preference was given
to older patientsfrom rural areas asthey are expected to be the
most challenging to supervise during VFT because of limited
familiarity with technology. The study also included 3 other
primary hospitals in the region: Sagja Primary Hospital, Seka

Table 1. Participants profiles.

Nidaet al

ChokorsaPrimary Hospital, and Agaro Primary Hospital. Unlike
Jimma University Medical Center, these primary hospitals do
not have well-established eye units. They are also understaffed
because of a shortage of OPs. All OPs working in these 3
primary hospitals accepted the invitation to participate in the
study. There were only 2 ophthalmic nurses at Agaro Primary
Hospital, and only one ophthalmic nurse at Sgja Primary
Hospital. Seka Chokorsa Primary Hospital relieson 2 integrated
eye careworker (IECW) nurseswith short ophthalmic training.
They provide treatment for minor eye problems, such as
trachoma, in addition to their regular duties. A procedure similar
to that at the Jimma University Medical Center was followed
for the participants at these 3 primary hospitals.

A total of 24 OPs completed both the preuse and postuse
guestionnaires and participated in the interviews (Table 1).
Three additional OPs filled the preuse questionnaire but were
not available to use GES; hence, they were excluded from the
study.

Characteristics

Frequency (N=24), n (%)

Sex
Male
Female
Age (years)
20-30
31-40
61-70
Profession
Ophthalmology resident
Optometrist

Ophthalmic nurse

IECW? nurse

Cataract surgeon

22 (92)
2(8)

17 (71)
6 (25)
1(4

11 (46)
6 (25)
4(17)
2(8)

1(4)

¥ ECW: integrated eye care worker.

Procedure and I nstruments

Participants compl eted a preuse questionnaire before the actual
use of the GES. The aim of the preuse questionnaire was to
evaluate OPS' initia attitudes toward using a smartphone app
for VFT, irrespective of the specific design and use experience
with the prototype. The preuse questionnaire included items
adapted to measure the UTAUT constructs in the context of
glaucoma. The UTAUT items were taken from Venkatesh et al
[21] but adapted to reflect the use of GESin the Ethiopian eye
health care context (Table 2).

PE items assessed the perspective of OPs regarding the GES
ability to perform reliable glaucoma screening. EE items
assessed how easily OPs learned to use GES, how easily they
administered the test for the patients, and their expectations

https://formative.jmir.org/2021/9/e26602

regarding patients performing thetest with minimal explanation.
Sl items assessed OP expectations regarding how other senior
staff members and patients would perceive them because of the
use of GES. FCsitems assessed OP perspectives regarding the
suitability of GESwith the current infrastructure, environmental
conditions, and availability of resources required for the
successful use of GES in their workplace.

We also included items to assess the OPs' overall Bl to use
GES. We added these items to cross-check the consistency of
OP responsesto the four constructs and their ultimate intention
to adopt GES in their daily practice. A positive score for the
four constructs and a negative response for Bl or vice versa
might indicate that additional factors need to be measured to
explain acceptance of the technology.
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Table 2. Mean scale scores for preuse and postuse.

Scale Preuse score, mean (SD) Postuse score, mean (SD)  Difference (95% ClI) P value®

PEP
PE1: This platform will be useful during  4.04 (0.81) 4.63 (0.49) +0.58 (0.21 to 0.96) .006
outreach screening.
PE2: Theplatformwill enablemetomake 3.42 (0.72) 3.88 (0.95) +0.46 (0.15t0 0.76) .008
more accurate diagnoses.
PE3%: | do not expect that this platform 3.29 (0.95) 3.33(0.96) +0.04 (-0.54 10 0.62) .89
can be used for areliable eye exam.
PE4: More glaucomacases can bedetected  3.38 (0.71) 4.17 (0.96) +0.79 (0.34 t0 1.24) .005
by the platform.
PE5®: The results presented are informa=  —¢ 4.21(0.72) - -
tive enough to make referral decisions.

EE
EE1: | think the platform will makeit easy 3.88 (0.61) 4.79 (0.41) +0.92 (0.59to 1.24) <.001
for me to administer visual field tests.
EE2: | think learning how to usethe plat- 4.00 (0.72) 4.71 (0.46) +0.71 (0.44 10 0.97) <.001
form will be easy.
EE3: It will be easy to have patientswear  3.63 (0.92) 4.42 (0.88) +0.79 (0.4210 1.16) .001
the virtual reality headset.
EE4: Compared with the FDTY, adminis- 3.33(0.82) 4.29 (0.85) +0.96 (0.46 to 1.46) .002
tering visual field testing with this plat-
form will be easier.
EES: The platform will be easier for pa — 4.25 (1.19) +0.58 (-0.01t0 1.18) .047
tients from rural areas compared with the
FDT.
EE6: Patients can easily useajoystick for  3.71 (0.95) 4.25 (0.74) +0.54 (0.15t0 0.94) .01
responses.
EE7S: My interaction with the platform  — 4.42(0.58) - -
was clear and understandable.

s
SI1: | think the senior ophthalmologist 3.67 (0.87) 4.08 (0.93) +0.42 (-0.10t0 0.93) .08
staff will recommend the platform for
glaucoma screening.
SI2: In general, | think the platform will ~ 3.83 (0.76) 4.63 (0.49) +0.79 (0.46 t0 1.12) .001
be seen as useful by the ophthalmology
department.
SI3: My colleagues will support my use  3.67 (0.96) 4.46 (0.66) +0.79 (0.38 t0 1.20) .002
of this platform.
Sl4: My patientswill beopentotheuse  3.46 (0.98) 4.50 (0.59) +1.04 (0.58 to 1.50) .001
of this platform.
SI5: If | usetheplatform, | will beconsid-  4.04 (0.86) 4.17 (0.92) +0.13 (-0.23 t0 0.48) 47
ered as an advocate of technology by my
colleagues.

FC'
FC1: All the necessary resourcestouse  3.33 (1.13) 4.00 (1.02) +0.67 (0.22t0 1.11) .007
the platform will be easily available.
FC2: The platform will not be expensive  3.75 (1.03) 4.21 (0.83) +0.46 (0.01t0 0.92) .046
for our clinic to purchase.
FC3: The platform can be used with our  3.88 (0.95) 4.13 (0.85) +0.25 (-0.24t0 0.74) 21
existing infrastructure.
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Scale Preuse score, mean (SD) Postuse score, mean (SD)  Difference (95% ClI) P value®
FC4: Charging the smartphonewill notbe 3.75 (0.99) 4.29 (0.75) +0.54 (0.11t0 0.97) .02
achallenge, even during outreach mis-
sions.

FCc5%d: The platform cannot beusedin =~ — 3.63(1.21) - -
the current setting.

Bl
BI1: If madereadily available, | intendto 4.08 (0.50) 4.67 (0.48) +0.58 (0.34t0 0.83) <.001
use the platform in the near future.

BI2: When available, | would liketo take 3.96 (0.62) 4.50 (0.59) +0.54 (0.21t0 0.87) .005
the platform along with other kitsfor out-

reach missions.

BI3: | am looking forward to using this ~ 4.00 (0.42) 4.67 (0.48) +0.67 (0.46 t0 0.87) <.001

platform when it is available.

Ailcoxon signed-rank test (nonparametric).

bpE:; performance expectancy.

CInverted items.

dextraitem included only in the postuse questionnaire.

€ltem included in preuse only or postuse only and data not available.
"EE: effort expectancy.

9FDT: frequency doubling technology.

NS): social influence.

IFC: facilitati ng condition.

IBI: behavioral intention.

All UTAUT items captured responsesviaa5-point Likert scale
with responsesthat ranged from strongly disagree (1) to strongly
agree (5; Multimedia Appendix 1). Upon completion of the
preuse questionnaire, OPs could proceed to the next step of
using GES. At the beginning of the visua field test with the
GES, abrief demonstration of 5 minutes was given to each OP
on how to use the GES. Upon request, support was provided
only for three cases because of exceptional situations. At the
end of the visual field test with GES, OPs completed a posttest
guestionnaire, followed by an interview to assesstheir attitudes
(Multimedia Appendix 2).

The posttest questionnaire UTAUT itemswere dightly rephrased
to reflect experience after use. Three additional items were
included in the postquestionnaire relating to the actual
experience of using GES: ease of administering the test to a
patient, adequacy of thetest result for making referral decisions,
and whether GES could be used in the current setting (Table 2,
items EE7, PE5, and FC5).

Data Analysis

Quantitative Data

Of the 22 items in the preuse questionnaire, 6 items had a 4%
(participants: 1/24) missing response rate, 4 items had an 8%
(2/24) missing response rate, and 1 item had a 12% (3/24)
missing response rate. Of the 25 items in the postuse
guestionnaire, 2 items had 4% (1/24 of participants) of missing
responses and 3 items had 8% (2/24 of participants) of missing
responses. All missing responseswere replaced using the median
imputation method [37]. Next, the data were checked for
normality, skewness, and kurtosis [37]. Only one item (EE2)
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in the postuse questionnaire had a kurtosis issue with the
absolute value of the kurtosis being slightly greater than three
times the SE. Next, the internal consistency of the constructs
was determined using Cronbach a. Unfortunately, for several
constructs, these did not show sufficient interna reliability
(Cronbach a<.7) [38]. Therefore, adecision wasmadeto report
results at the item level rather than at the construct level.

To assess Whether attitudes changed significantly after use, the
Wilcoxon signed-rank test was used to determine the
significance of changein the scores (two-tailed, 95% Cl; a=.05),
before and after use of GES. As this study was exploratory in
nature, there was no correction for family-wise error inflation.
Instead, we have provided Cls that allow readers to obtain a
direct understanding of size and effect. SPSS and Microsoft
Excel were used for dataanalysis, and the Seaborn Python data
visualization library [39] was used to illustrate data distribution
with violin plots.

Qualitative Data

Qualitative data were obtained through interviews. Initial
interview questions pertaining to the four UTAUT constructs
were prepared. Additional questions were included for every
respondent based on our observations during the screening test.
Respondents were also invited to provide general feedback on
GES at theend of theinterview. Theinterviewswere conducted
immediately after the use of the GES to ensure that respondents
had fresh memory of the use experience. All interviews were
audio-recorded and transcribed verbatim. Interview data were
categorized according to the maor UTAUT constructs.
Additional comments from OPs that did not fit any of the
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categorieswere handled separately, as comprehensive feedback
on GES.

Results

Here, we present the quantitative results for each of the five
categories, along with the qualitative findings.

PE Results

All preuse PE items scored above 3 (neutral), with PEL (“this
platform will be useful during outreach screening”) scoring the
highest, with a mean of 4.04 (SD 0.81), and PE3 (“I do not
expect that this platform can be used for areliable eye exam”)
scoring the lowest, with a mean of 3.29 (SD 0.95; Figure 5).
After use, all PE items scored above 3; again, PE1 scored the
highest value, with a mean of 4.63 (SD 0.49), and PE3 scored
the lowest, with a mean of 3.33 (SD 0.96; Figure 5; postuse).
Moreover, al PE items increased their score in postuse; items
PE1 and PE2 reached significance, whereas PE3 and PE4 did
not reach significance (Table 2).

From the interviews, we learned that although OPs supported
the portability of GES for screening during field campaigns,

Nidaet a

such asthe outreach mission, they also expressed their concern
about its accuracy:

I think it will be useful because you can't carry the
FDT [Freguency Doubling Technology] to the
outreach mission, but this oneis easily portable. You
can refer patients you suspect during screening. But
| have no idea about its sensitivity and specificity.
[P15, ophthalmic resident]

If the result is valid about its sensitivity and
specificity, | think it is informative enough. But it
would be good if it includes something like a
percentage of the defect, which will allow usto have
a kind of cut point where we can say itisfine. If itis
below that and more critical if it is above that level.
Another important issueis...in rural areas, you may
not have the other tools like an ophthalmoscope to
examine the optic nerve. So, any macular disease or
scar could cause visual field defect. So, you can’t
immediately conclude that the defect is due to
glaucoma. [P7, optometrist]

Figure 5. Performance expectancy scores for preuse are shown on the left, and those for postuse are shown on the right. The white dot represents the
median value, the black bar represents the IQR, and the thin black bar denotes the 95% Cl. PE: performance expectancy.
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PE1  PE2 PE3
Performance Expectancy (Preuse)

PE4

EE Results

All preuse EE items scored above 3 (neutral), with EE2 (“1 think
learning how to use the platform will be easy”) scoring the
highest, with a mean of 4.00 (SD 0.72), and EE3 (“It will be
easy to have patients wear the VR headset”) the lowest, with a
mean of 3.63 (SD 0.92; Figure 6; preuse). Postuse, al EE items
again scored above 3, with EEL (“1 think the platform will be
easy for meto administer visual field tests”) scoring the highest
value, with a mean of 4.79 (SD 0.41), and EE5 scoring the
lowest (:Theplatform will be easier for patientsfrom rural areas
compared withthe FDT”), with amean of 4.25 (SD 1.19; Figure
6 postuse). Moreover, al EE items increased their scores after
use and reached significance (Table 2).

There were no specific difficulties expressed during the
interviews related to administering the test to the patients:

1

PE1 PE2 PE3 PE4
Performance Expectancy (Postuse)

PES

Postuse only

Thisis easy for the patient. The joystick is good for
the patient because it is possible to press any of the
buttons. It won't be a problem even if the patient
presses another button by mistake. In addition, its
cost very little.... For instance, you can't carry the
FDT to rural areas but this one is portable. [P6,
ophthalmic resident]

For me, it is almost similar. Your tool has a central
target, the FDT also has a similar target. So, | don't
see much difference. But in terms of professional
effort, | think this platform may be simpler [than the
FDT] when we get used to it in the future. [P1,
ophthalmic resident]

What surprises meiswhen | read books they mention
the FDT as a portable perimeter compared to
Humphrey. But this is really portable. [P17,
ophthalmic resident]
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Figure 6. Effort expectancy scores for preuse are shown on the left, and those for postuse are shown on the right. The white dot represents the median
value, the black bar represents the IQR, and the thin black bar denotes the 95% Cl. EE: effort expectancy.
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Sl Results

All preuse Sl items scored above 3 (neutral), with SIS (“If | use
the platform, | will be considered as an advocate of technology
by my colleagues’) scoring the highest, with a mean of 4.04
(SD 0.86), and Sl4 (“My patients will be open to the use of this
platform™) scoring the lowest, with a mean of 3.46 (SD 0.98;
Figure 7; preuse). After use, al Sl items scored above 3, with

1L

i

EE6 EE7

(Postuse only)

EES5

SI2 (“In general, | think the platform will be seen as useful by
the ophthalmology department”) scoring the highest value, with
a mean of 4.63 (SD 0.49), and SI1 (“I think the senior
ophthalmologist staff will recommend the platform for glaucoma
screening”) scoring the lowest, with a mean of 4.08 (SD 0.93;
Figure 7 postuse). Moreover, al Sl itemsincreased their postuse
scores. All itemsreached significance except SI1 and SI5, which
did not reach significance (Table 2).

EE2 EE3 EE4
Effort Expectancy (Postuse)

EE1

Figure 7. Social influence scores for preuse are shown on the left, and those for postuse are shown on the right. The white dot represents the median
value, the black bar represents the IQR, and the thin black bar denotes the 95% ClI. Sl: socid influence.
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All OPs were confident about GES acceptance by colleagues
and patients. Some OPs were doubtful about the support from
hospital management.

We don't have any worry about that [patients
acceptance] . They will even feel like being diagnosed
or examined more in detail. For instance, patients
feel more treated when we examine them with dlit
lamp instead of torch light, even though the finding
could be the same. [P21, optometrist]

| amnot sure about the hospital management, but our
department will for sure support it. [P2, ophthalmic
nurse]
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FC Results

All preuse FC items scored above 3 (neutral), with FC3 (“The
platform can be used with our existing infrastructure”) scoring
the highest, with a mean of 3.88 (SD 0.95), and FC1 (“All the
necessary resourcesto usethe platformwill be easily available”)
scoring the lowest, with a mean of 3.33 (SD 1.13; Figure 8;
preuse). After use, al FC items scored above 3, with FC1
scoring the highest value, with a mean of 4.29 (SD 0.75), and
FC1 scoring the lowest, with a mean of 4.00 (SD 1.02; Figure
8 postuse). Moreover, al FC items increased their postuse
scores. All items reached significance except FC3, which did
not reach significance (Table 2).
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There were no magjor concerns raised during the interviews
relating to this category, with OPs showing optimism about its
affordability and the possibility of charging the smartphone
even in the worst conditions of having no access to electricity
by using solar chargers:

Nidaet a

| don't think therewill be a challenge with the battery.
The worst case we can use solar chargers which are
very common nowadays. [ P8, ophthal mic resident]

| think this can be even affordable by the
ophthalmologists to buy one for their own let alone
the institutions. They can also use it in their private
clinic. [P13, cataract surgeon]

Figure 8. Facilitating condition scores for preuse are shown on the left, and those for postuse are shown on the right. The white dot represents the
median value, the black bar represents the IQR, and the thin black bar denotes the 95% Cl. FC: facilitating condition.
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Bl Results

All preuse Bl items scored above 3 (neutral), with Bl 1 scoring
the highest, with amean of 4.08 (SD 0.50), and BI2 scoring the
lowest, with amean of 3.96 (SD 0.62; Figure 9; preuse). After
use, all Bl items scored above 3, with Bl1 and BI3 scoring the
highest, with a mean of 4.67 (SD 0.48), and BI2 scoring the
lowest, with a mean of 4.5 (SD 0.59; Figure 9 postuse).
Moreover, al Bl itemsincreased their postuse scores. All items
reached significance (Table 2).

A

FC2 FC3
Facilitating Conditions (Postuse)

FC1 FC4

FC5

(Postuse only)

Many OPs expressed their intention to use the system in the
future, mentioning the dire need for a portable visual field
screening tool:

I think we will useit asit iseasy and very quick. The
major reason we don't use FDT for many of the
patients is because of the duration we spend on a
patient. If patients can easily understand it, we will
for sure useit. [P19, ophthalmic resident]

| amready to useit because glaucomaisa challenge,
especially during outreach missions. Werefer patients
by examining them only with an ophthalmoscope. [P2,
ophthalmic nurse]

Figure9. Behavioral intention scores for preuse are shown on the left, and those for postuse are shown on the right. The white dot represents the median
value, the black bar represents the IQR, and the thin black bar denotes the 95% CI. BI: behavioral intention.

w

-

BI1 BI2
Behavioural Intention (Preuse)

BI3

https://formative.jmir.org/2021/9/e26602

XSL-FO

RenderX

et ¥t

BI1 BI2
Behavioural Intention (Postuse)

BI3

JMIR Form Res 2021 | vol. 5 | iss. 9 [€26602 | p.167
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Summary of Qualitative Findings

Feasibility of Low-cost VR and Game Controllers

During this study, there were no significant difficulties in
learning to use the GES. OPs were able to administer the test
to apatient following abrief demonstration. Although for most
patients, it was their first experience of wearing a VR headset
and using a joystick, all of them were able to understand the
test procedure and performed the test successfully in the first
attempt. We observed that even older patients from rural areas,
with limited familiarity with technology, were able to perform
the test with GES based on the explanation given by OPs.

Moreover, ophthalmic nurses, optometrists, and IECW nurses
at the primary hospitals saw an additional advantage in using
GES, compared with the OPs at Jmma University Medical
Center tertiary hospital. With almost no attention given to eye
care at the primary level in the Ethiopian health system [36],
they usually suffer from a lack of resources, including testing
equipment. They usually rely on simple and basic tests with
torch lights and simple magnifying lenses. They believed that
when tested with akit like GES, patientswould be more satisfied
because of afeeling of being better assessed with an instrument:

Patients are happier when examined with instruments.
Even using the simple loop lens makes a lot of
difference for patients. So, if we examine them with
this tool, they might fedl like they have been tested
not only for glaucoma but for all kinds of eye
problems [P24, IECW nurse]

They will even feel like being diagnosed or examined
morein detail. For instance, patientsfeel moretreated
when we examine themwith glit lamp instead of torch
light even though the finding could be the same.
Patients will consider this a more advanced
instrument which will give them a psychological
satisfaction of feeling well treated. [P21, optometrist]

Useful for Screening but Not for Diagnosis

Inthisstudy, the 2 IECW nurses at Seka Primary Hospital, who
had limited ophthalmic training, had no difficultiesin using the
GES. However, when it came to interpreting the results of the
visual field screening test, they expressed reservations. They
believed that the actual identification of glaucomatous visual
field defects required further training. A similar concern was
also raised by ophthalmic residentsat mmaUniversity Medical
Center tertiary hospital during the postuseinterviews. Although
they believed that GES could improve the capacity of nurses at
primary level health centersin detecting glaucoma cases, they
recommended that its deployment be accompanied by atraining
on how to interpret resultsto makereferral decisions. They also
indicated the risk of non-OPs misusing it as a diagnostic tool
to prescribe glaucomamedication to patients. They insisted that
GES use should be limited to screening and not diagnosis,
whereas also articulating that it should fulfill the criteria for
clinical accuracy:

The procedure to use it was very simple for us to
perform. But we don’t have any clue as to how to
make conclusions based on the results. We need
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additional knowledge for that. [P24 and P25, IECW
nurses|

A concern | have is regarding the knowledge gap
regarding visual field in general hospitals and health
centers. Health professionals (non-ophthal mic) need
training before using this platform. They might
misinterpret the results and use it as a shortcut to
prescribe medications to the patient. Remember this
isa screening tool, not a diagnosistool. So, the tool
might be abused. [P8, ophthalmic resident]

Precising the Desired Accuracy of the Tool

In our sample, there were differences among OPs regarding the
acceptable level of accuracy for a screening test. Only 3 OPs
expected a VFT result similar to that of SAP and frequency
doubling technology equipment, whereas others considered a
lesser accuracy (as currently obtained by GES [40] to be
adequate and even more suited for screening purposes):

If the result is valid about its sensitivity and
specificity, | think it is informative enough. [P7;
optometrist]

The information on the result is enough as to me.
Remember this will most probably be used by
non-ophthalmic professionals. Adding other details
may not add any value since they don’'t have any
knowledge. | think the basic information areincluded.
[P19, ophthalmic resident]

With the FDT we have get details like the standard
deviation, pattern standard deviation and others
which are important for glaucoma diagnosis. But for
this one we don’t know the details. [P15, ophthalmic
resident]

I ntegrating With Patient Records

Finally, the last topic discussed was the integration of the data
given by GES with the current traill of patient data. There were
also differencesamong OPson how to integrate GEStest results
with the existing paper-based patient record management at the
hospitals. Four OPs suggested the possibility of integration with
afuturedigital health record system, whereas others considered
it sufficient to obtain results on the smartphone screen, similar
to their experience during this study. Overall, the interviews
suggested that this part of health care hasyet to mature and that
challenges in current infrastructure in low-income countries
may still warrant atangible output:

There is a new technology coming to get rid of the
paper documents and automate the patient record
keeping. If that systemisin place the app can easily
be integrated with the system. But with the current
setup there should be a paper print out to be enclosed
in the patient’s folder. [ P4, optometrist]

Snceit is a screening tool, not a diagnosis tool, as
to me there is no need for a printout because | will
till have the result on the mobile even if the patient
folder islost. [P3, ophthalmic resident]
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Discussion

Principal Findings

Glaucoma, which is aso referred to as the silent thief of sight
[41], isamajor cause of irreversible blindness worldwide[42],
particularly in Africawhereit accountsfor 15% of all blindness.
As glaucoma screening and diagnosis depend on expensive,
stationary equipment, timely eye examination is almost
impossible for people living in rural areas of ow-income
countries like Ethiopia. This study assessed the acceptance of
a low-cost and portable glaucoma screening solution through
UTAUT-based surveys, pre and postuse in 4 different hospitals
in Southwest Ethiopia. Positive results were obtained preuse,
suggesting acceptance of mHealth solutions for glaucoma
screening, using alow-cost headset through a smartphone and
a game controller. Moreover, almost all scores improved
significantly after use, particularly after using GES. OPs
percelve GES as ahandy and easy-to-usekit in their fight against
glaucoma (EE). They believed that GES would enhance the
screening of glaucoma (PE), especialy during outreach field
missions to rural areas because of its portability and short test
duration. They also considered GES to be usable within the
existing health care system (FCs) and believed that its usewould
be favored by their colleagues and management (SI). The
positive scores of the different drivers were reinforced by the
high scores of their Bl to use GES in their daily practice.
Complementing the quantitative results, the observations and
interviews confirmed the enthusiasm for using GESinthe future.

Perceived ease of use (EE) has been identified as one of the
major factors influencing mHeath adoption by health
professionals[19,20,36]. One of the major challenges Ethiopian
OPs face while administering VFT is the extra effort required
to explain the test procedure to patients from rural areas with
little familiarity with technology, to the extent of not even
having experience in using a TV remote control [36]. Both
guantitative and qualitative results indicate that GESis easy to
use, even for patients from rural areas. This reinforces the
findings of Lodhia et a [24] and Ludwig [25] that patientsin
rural areas are able to overcome the barriers to using
technologies for ophthalmic services. Hence, these findings
suggest that cultural beliefs or lack of technological ineptitude,
often mentioned as barriersto adoption [17,18], will not hamper
acceptance of GES. In summary, this supports the feasibility of
using a mobile device in combination with a classic controller
and alow-cost VR headset.

Given the dire shortage of OPs in rural areas of low-income
countries[5], mHealth solutionsfor eye care, such as GES, aim
to allow for examinations to be performed by less trained or
educated health care workers, such as nonophthalmic nurses.
Themajor concern of highly trained OPs at thetertiary hospitals
was that GES might be misused for diagnosis by less trained
nurses at the primary level, in addition to screening. Thisfinding
contrasts with the study by Chang et al [43], who identified
concerns of confidentiality of data and worry over job security.
Our study suggests that OPs' concerns are mainly focused on
inappropriate use of the tool, not job erosion. Hence, any
mHealth solution for eye health care should carefully strike a
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balance between empowering primary care level workers who
have less specialized training and enabling abuse, overstepping
from screening to unwarranted diagnosis.

Similar to findings by Lodhia et a [24], in which health
professionals expressed the need to determine the clinical
accuracy of polyetheretherketone before its use as a screening
tool, in th study, OPs recommended further research on
sensitivity and specificity. This highlights that positive scores
on the PE were given conditionally, under the assumption that
clinical accuracy would be satisfactory.

Limitations and Future Work

Although this study providesinteresting insightsinto the factors
that influence OP acceptance of amhealth solution for eyecare,
it has limitations. First, given the dire shortage of OPs in the
southwest region of Ethiopia, the sample sizewas small. Second,
OP perceptions after use were measured after a single use of
GES. Hence, we were not able to measure their perspectives
based on long-term, continued use. Therefore, possible
additional challenges not identified in this study may still arise
during long-term use. Last, as we adapted items from the
original UTAUT questionnaires and added our own items,
internal consistency at the construct level was no longer
achieved (Cronbach a<.7 for two constructsin preuse and four
constructs in postuse). This necessitated quantitative analysis
for individual items and may introduce an overlall less robust
measurement. Several studies support the analysis of individual
items instead of constructs in these situations. For example,
Aljarallah Sand Lock R [44] report on users’ perspectivetoward
software sustainability and present much of their analysisat the
item level despite reporting a Cronbach a of <.7 for some of
the constructs, while Marchewka JT and Kostiwa K [45]
reported much of their descriptive anadysis from a
UTAUT-driven questionnaire at an item level after presenting
construct level reliability measures. Furthermore, Elo A-L et al
[46] and Clason et d [47] demonstrated the validity of analyzing
individual survey items (not summated). We hope to address
thisissue by providing descriptive results for all items.

Conclusions

This paper presents a mixed method study on the acceptance
and use of a low-cost and portable smartphone-based visual
field screening tool for glaucoma (GES) at 4 hospitals in
Southwest Ethiopia. We combined the survey data and
interviews of 24 OPs. Both the quantitative and qualitative
results suggest high levels of acceptance. Additionally, this
study provided better insight into the factorsinfluencing health
professionals' acceptance of mHealth interventionsfor eye care
in I-income countries such as Ethiopia. We found that OPs
perceived GES as easy to use, enabling the conduct of glaucoma
screening tests, especially during outreach to rural areas. Even
older patients from rural areas, with limited familiarity with
technology, were able to perform the test with GES and valued
a technical assessment. Nevertheless, as frequently indicated
by the OPs, afurther assessment of its sensitivity and specificity
is needed, as positive evaluations are contingent on the
assumption of adequate accuracy. M oreover, thistool issuitable
for screening and not for diagnosis. Accounting for these
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caveats, GES has the potentia to reduce the burden of irreversible blindness caused by glaucoma.
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Abstract

Background: Smoking relapse prevention after completion of a smoking cessation program is highly germane to reducing
smoking rates.

Objective: The purpose of thisstudy wasto evaluate the 1-year outcomes of asocial media—based and peer and clinician-supported
smoking cessation program on Facebook and examine communication patternsthat could support smoking cessation and identify
risk of relapse.

Methods: We used a mixed methods case study evaluation approach featuring a single-case holistic design. We recruited
volunteers who signed up after successful completion of a 12-week clinical smoking cessation program in a general medicine
department in Japan. Participants contemporaneously accessed a closed Facebook page, and we analyzed their posts including
text and emoticons. We used joint display analysis, which involved iterative structuring and restructuring construct-specific tables
with both types of data to find the most effective approach for integrating the quantitative results with the qualitative results of
content analysis.

Results: One successful participant and 2 relapsed participants were analyzed to explore the specific patterns of postings prior
to relapse. Decisive comments about quitting smoking were common among participants, but encouraging messages for peers
were more common from the successful participant. Comments seeking social support and reassurance were warning signs of
relapse. Conflicted comments also may be awarning sign of relapse risk.

Conclusions: These findings based on a mixed methods case study of a social media platform supporting smoking cessation
could be used to guide messaging in other online social networking service communities after a smoking cessation program to
help reduce smoking relapse.

Trial Registration: UMIN Clinical Trials Registry UMINO00031172;
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi 2recptno=R000035595

(IMIR Form Res 2021;5(9):€25883) doi:10.2196/25883
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Introduction

Smoking rates in devel oped countries are generally decreasing
as a consequence of the multidimensional approaches of
governments and private sector initiatives. In 2017, the overall
smoking rate in Japan was 17.7%, which was higher than the
2016 rate of 15.8% in the United Kingdom and 15.5% in the
United States [1-3]. Cigarette smoking is estimated to cause
about 1 of every 5 deaths in Japan and the United States each
year compared to about 1 of every 6 deaths in the United
Kingdom [2,4,5]. The Ministry of Health, Labour, and Welfare
(MHLW) in Japan set an aim of achieving an overall smoking
rate of less than 12% by the end of 2022 [6]. Several
communication methods, such as mobile phone- and email-based
counseling, have been found effective for supporting cessation
[7]. However, estimates from the MHLW suggested that about
70% of people who quit smoking relapsed in the first year
following smoking cessation in Japan [8]. Therefore, reducing
the rate of relapse after completion of a smoking cessation
program remains an important need for achieving Japan's
national aim of smoking reduction.

Various interventions for relapse prevention have been
attempted, and only extended pharmacotherapy with varenicline
has been effective based on a moderate certainty of evidence
[9]. Resultsfrom the National Epidemiologic Survey found that
significant predictors of relapseincluded thefirst year timeframe
after attempting to quit and younger age at the time of smoking
cessation; the probability of relapse decreased over time [10].
These findings suggest there is a special need to prevent
smoking relapse within the first year of quitting. Few studies
have been designed to devel op effectiveinterventionsto prevent
smoking relapse after smoking cessation programs, and novel
strategies are needed. At the home ingtitution of this study, a
smoking cessation outpatient clinic was established in 2011.
Clinical operations originally were organized by a cardiol ogist

Isseetd

and anurse, and in 2015, operationsweretransferred to general
medicine clinicians specialized in behavioral change
interventions. The primary concern of the team members was
the challenge of smoking relapse 1 year after completion of the
clinical program. Among participantsin the program, 70% had
achieved a satisfactory rate of smoking cessation upon
completion of the 12-week program. Previous studies have
suggested that popular social media platforms such as Facebook
and Twitter might be effective in supporting smoking cessation
[11]. According to the US Department of Health and Human
Services, individual, group, and telephone counseling are
effective treatment, and their effectiveness increases with
treatment intensity [12]. The guidelines advocate two
components of counseling that are effective and recommend
that clinicians should use these when counseling patients making
a quit attempt: practical counseling (problem solving/skills
training) and social support delivered as part of treatment.
Online social networking services have the potential to address
both of these key components [12]. Thus, our clinical research
group sought to prevent smoking rel apse after contemporaneous
completion of asmoking cessation clinic program through peer
counseling with clinician support on a social media platform.

Due to the recent increase in online activity, we posited that
online social networking services might contribute to the
maintenance of smoking cessation after the completion of a
smoking cessation program [13]. As an extension of a 12-week
clinic-based smoking cessation program, we created aplatform
on Facebook as an intervention for peer and clinician-supported
smoking cessation (Figure 1). The platform was the result of a
clinical pilot study that showed encouraging findings. Theaims
of this study were to evaluate the 1-year outcomes of this peer
and clinician-supported smoking cessation program that used
Facebook and identify patternsthat supported smoking cessation
or, conversely, were associated with relapse during the 1-year
observational period after smoking cessation.

Figure 1. Overview of study procedures. The 12-week clinical smoking cessation program included up to 5 consultations. Original smoking cessation
clinic program ended at the final consultation as indicated by the dotted square.
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Methods

Design

We conducted amixed methods case study eval uation approach
featuring a single-case holistic design [14-16]. We made this
choice as we were examining a single program, and while the
data were appropriate for an in-depth analysis, data were only
available on a small number of participants. We bounded the
case evaluation to the 1-year period of April 2018 to March
2019 within an ambulatory general medicine department in
Japan. Relevant stakeholdersincluded clinical physicians, staff,
and all participants who received counseling during a 12-week
clinical smoking cessation program including 3 participants
who joined the online Facebook-based smoking cessation app.
This study was approved by the regiona ethics review board
at Ako City Hospital (AkoHospital2017-0021).

Setting

A smoking cessation outpatient clinic at an urban hospital
operated by general physicians, nurses, and pharmacists served
as the setting for this research. The clinic is located in a city
with a population of 47,000 in Hyogo Prefecture in Western
Japan. Serving roughly 20 patients per vyear, the
appointment-only smoking cessation clinic was staffed by 3
physicians who had more than 3 years of experience each and
16 years among them in smoking cessation treatment. In the
program, patients could choose either oral varenicline or nicotine
patchesin light of indications for their medical treatment. The
treatment program was structured such that physicians provided
individual patient consultations at the clinic 5 times over 12
weeks as a time frame that ensured coverage by medical
insurance (Figure 1).

Sample

The target population for this study was adult patients who had
made an appointment for smoking cessation in the clinic. The
primary inclusion criteria were an interest in participating in
the program and having a smartphone. Patients younger than
20 years or older than 69 years were excluded from the study.
Eligible patients were told they could begin participating in the
Facebook support program during any of their visits to the
smoking cessation clinic, and the study was explained to them.
Thisarrangement allowed individualswho were unfamiliar with
Facebook time to practice using the app before a subsequent
visit. Among individual sindicating interest, written consent for
participation was obtained by the researchers. Participation in
the Facebook group was limited to participants who started
abstinence. Abstinence was confirmed by interview and breath
test for each visit during the clinic program. After registering
on the social mediasite, participants could access the dedicated
Facebook platform. Smoking cessation program participants
could opt in or out of participating in the Facebook platform
without restriction.

Intervention

Our smoking cessation group on Facebook was developed by
one of theteam researchers. The program was designed to allow
userswho had Facebook on their smartphonesto post comments,
photos, and videos. The use and browsing of the Facebook links
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were limited to registered participants. Contributors included
(1) registered patients, (2) physiciansin charge of the smoking
cessation outpatient clinic, and (3) clinic nurses. Thisapproach
ensured the devel opment of a closed Facebook group. Individual
identitieswere concealed from everyone on Facebook, including
all contributors' friends. The privacy of participants was secured
using a setup feature on the Facebook app to create a closed
community for our program. Staff members were expected to
help patients who struggled with the temptation to smoke by
using several communication methods such as reflective
listening to show attention to the participants by responding to
posted messages and confirming understanding of participants
ideas and by showing empathy. Successful abstainers were
encouraged to support others by offering advice based on their
own experiences of coping with difficult situations and
mai ntai ning smoking cessation. The Facebook intervention was
designed to provide the convenience of peer and clinician access
anywhere and anytime to support patients during and after the
smoking cessation clinic program. The content of each thread
was monitored by each physician using the flag system function
on the Facebook app. Our clinic team members strived to
respond to any posts or questions based on the transtheoretical
model on the same day they were posted by the participants. If
therewere no postingsfor several days, the clinical team posted
relevant information such as tobacco toxicity, relaxation
techniques, and greeting messages.

Theory Underlying the Intervention

The transtheoretical model provides a widely used guide for
the development of interventions for high-risk populations to
change multiple health risk behaviors [17]. The constructs of
thetranstheoretical model are composed of stagesand processes
of change, decisional balance, and self-efficacy or temptation.
The transtheoretical model was used by study clinicians to
support smokersin the clinic to help them progress through the
stages of change to tailor interventions to individual needs at
each stage of change. The stages of changeinclude 6 constructs:
precontemplation, contemplation, preparation, action,
mai ntenance, and termination. Moreover, there are 10 constructs
inthe process of changein thismodd: (1) consciousnessraising,
(2) dramatic relief, (3) self-reevaluation, (4) environmental
reevaluation, (5) self-liberation, (6) helping relationships, (7)
socid liberation, (8) counterconditioning, (9) stimulus control,
and (10) reinforcement management. To analyze the
participants' posts, we focused on the specific constructsrelating
to each stage: self-reevaluation in the preparation stage;
self-liberation in the action stage; and helping relationships,
counterconditioning, stimulus control, and reinforcement
management in the maintenance stage.

We assumed that participantsin the smoking cessation outpatient
clinic were in the action stage because they had made an
appointment to quit smoking. In the action stage, participants
smoking cessation experiences were supported with medical
treatment until the fifth and final consultation when smoking
abstinence was confirmed in aclinical interview with an exhaled
carbon monoxide test (Picoplus Smokerlyzer, Harada Corp).
As our participants proceeded from the action stage to the
maintenance stage, our clinical care and app-based intervention
was guided by the transtheoretical model theory and entailed
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providing social support and reassurance to help participants
overcome any relapse crises. We designed the research to
observe patternsin the posts on the app that supported smoking
cessation, or, conversely, pointed to a smoking relapse during
the action and maintenance stages. The clinician researchers
staffing the clinic and hosting the Facebook platform devel oped
a shared understanding of the transtheoretical model through a
general medicine department lecture-discussion training. They
also used a counseling approach based on the transtheoretical
model. They routinely incorporated these strategiesto motivate
patients who needed clinical smoking prevention support. By
extension, the clinical research team werereadily ableto discern
Facebook posts reflecting constructs in the model.

Data Collection Procedures

Quantitative Data Collection

Data on participant demographics, confidence to quit smoking,
and the Fagerstrom Test for Nicotine Dependence (FTND) were
obtained at theinitial clinic visit [18]. The duration of smoking
cessation was confirmed by self-report in afollow-up telephone
interview by asmoking cessation clinic physician. Relapse was
defined when the participant self-reported any puff of smoking
behavior and relapsed with continued smoking. Each
participant’s number of posts was counted at the end of the
study.

Quantitative Data Analysis

Demographic data, confidence to quit smoking, FTND, and
duration of smoking cessation were compared between
participants and nonparticipants to examine for patterns. The
number of postings, codes, and categories were counted and
compared between participants.

Qualitative Data Collection

Typed comments and 3 types of emoticons: typographic face
marks (small-size illustrations added at the end of words or

sentences, eg, #'."#), nonlinguistic symbols (eg,@), and

colorful inline graphics (eg, emoji E) submitted by participants
on the Facebook discussion board were downloaded and saved
in Word (Microsoft Corp) by the authors for analysis[19]. The
research team organized the datain chronological order for each
participant.

Qualitative Data Entry and Analysis

We used a combination of deductive coding based on the
elements of the transtheoretical model and inductive coding as
our team allowed for emerging codesfrom thefull range of data
sources from the participant postings [20]. Similar methods
have been used to analyze social media content from Facebook,
Twitter, and YouTube [21]. The content of the comments and
responses from our Facebook platform were coded by two
independent researchers using MAXQDA 2018 (VERBI
GmbH). Discrepancies in their coding were resolved through
group discussion among the team researcherswho reviewed the
original datato interpret the context. Similar codes were merged
into categoriesreflecting the underlining meaning of the original
data. Analytical rigor was achieved through attention to
credibility, dependability, and confirmability [16]. For
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credibility, the research team spent timeimmersed in the original
data and discussing the underlying meanings of posted
comments. Dependability was achieved through the use of data
code-recode procedures. Confirmability was achieved by
recording notes in the extracted codes. We also performed
content analysis of the emoticons attached to the textual
comments and responses.

The participants typed data and emoticons were analyzed
descriptively to examinetheir influences on smoking cessation.
After coding the qualitative comments of each participant,
frequency analysis was conducted to examine the distribution
of codesfor each participant using MAXQDA 2018. Thetypes
of emoticons were analyzed as independent codes
simultaneously. Additionally, MAXMaps, one of the graphic
functionsof MAXQDA, was used to explore connectionsamong
the different elements of the codes visually in a workspace as
a map; the goal was to find deeper relationships among the
codes. The primary outcome was a description of factors
contributing to smoking cessation among the participants based
on a comparison of patterns in the MAXMaps between the
successful and relapsed participants.

Mixed Methods Joint Display Analysis

We used an interactive approach in thejoint display analysisto
arrive at adeeper understanding of theresults[22]. Theanalysis
involved structuring and restructuring a table by juxtaposing
both types of data to find the most effective approach for
integrating the quantitative results with the qualitative results
of the content analysis [23,24]. First, the frequencies of
categoriesin thetext were summarized for each case and linked
with the relevant quotes that had produced these categories.
Second, we reorgani zed the master table based on the frequency
of posts, from the most often to the least. Third, we created a
new joint display to compare the successful abstainer
(participant 1) and the 2 who relapsed (participants 2 and 3).
Fourth, we redesigned the table to include a classification of
category types according to the transtheoretical model, an
interpretation of the quantitative frequency counts, and the
qualitative characteristics of the comments. Through this
process, we identified 3 primary categories of comments:
helping relationships (7 types), self-liberation (1 type), and
self-reevaluation (2 types). Last, we divided the very long master
table into 2 tables featuring (1) helping relationships and (2)
self-liberation and self-reeval uation.

Results

Sample

A total of 13 people attended the clinic during the study period.
Four patients were ineligible due to hospitalization (n=2) and
dropout (n=2) from the study. The remaining 9 patients were
deemed eligible as they committed to quitting smoking at the
initial visit, and all 9 were invited to use the social media peer
support group. Three joined while 6 declined. The 3 Facebook
group participants entered the peer and clinician-supported
smoking cessation program after confirmation of quitting
smoking by aclinical interview and exhaled carbon monoxide
test. As they attended the clinic program individually, they
entered the study at slightly different times and did not know
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each other. However, their participation in the study writing
posts and responding to posts from the peers and staffs were
contemporaneous (Multimedia Appendix 1).

Quantitative Findings

The characteristics of the Facebook abstention support platform
participants were compared to the nonparticipants and
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noneligible patients (Table 1). The total number of postings by
physicians, nurses, and 3 participants was 33, 13, and 43,
respectively. The study analysis focused on the interactions
between the participants and between the clinicians and
participants. We also observed the participants communicating
with each other by posting and leaving emoticons.

Table 1. Characteristics of Facebook participants compared to non-Facebook participants and noneligible patients during the study period.

Variable

Eligible Noneligible (n=4)

Participant (n=3) Nonparticipant (n=6)

Gender, n (%)
Male
Female
Age (years), mean (SD)
Confidence? (%), mean (SD)
FTNDPC (points), mean (SD)
Duration of smoking cessation (month), mean (SD)

3 4 3

0 2 1

55.6 (6.0) 51.7 (13.5) 49.8 (16.6)
77 (25) 62 (28) 50 (0)
50(17) 6.2 (2.4) 6.3 (1.5)
5(6.1) 45(35) _d

3percentage of confidence to succeed in smoking cessation and FTND were obtained at the first encounter at the smoking cessation outpatient clinic.

bFTND: Fagerstrom Test for Nicotine Dependence.

°FTND level of nicotine dependence interpretation: low (0-3), middle (4-6), and high (7-10).

INot applicable.

Successful Smoking Cessation and Relapse

Based on a telephone confirmation conducted at 1-year
follow-up after completing the smoking cessation program, one
patient (participant 1) had succeeded in smoking cessation. Two
patients had relapsed: one (participant 2) at 2 months, and the
other (participant 3) at 1 month after completing the smoking

cessation clinic program (Table 2). Confidence in successful
smoking cessation at baseline was 80% in participant 1, 50%
in participant 2, and 100% in participant 3. The FTND at the
initial visit showed a low-level nicotine dependence in
participants 1 and 3, and a moderate level in participant 2. We
illustrate schematically the time course for each participant in
Multimedia Appendix 1.

Table 2. Demographics of the 3 participants who joined the peer support Facebook group.

Variable Participant 1 Participant 2 Participant 3
Outcome Success Relapse Relapse
Age 62 50 55

Gender Male Male Male
Confidence (%) 80 50 100

FTND? (points) 4 7 4

Months continuing smoking cessation after the clinic program 12 2 1

3FTND: Fagerstrom Test for Nicotine Dependence.

Qualitative Findings

We used 11 codes for the coding scheme. The codes and their
relationshipsto the transtheoretical model are presented in Table
3. The distribution of codes fell primarily into 3 constructsin
the process of change. The codes assigned to the category
hel ping relationshipswere gratitude, special gratitude (indicating
intensity of gratitude through repetition of words or emoticons),
on€'s updates, encouragement, agreement, anticipation of
support, one’'s own ideas for smoking cessation, and health
problem consultations. The codes assigned to the category
self-reevaluation were worry and happiness during smoking

https://formative.jmir.org/2021/9/e25883

cessation. The code assigned to self-liberation was the
participant disclosing the decision to quit to others.

According to the processes of change in the transtheoretical
model, helping relationships is described as caring, trust,
openness, and acceptance as well as support from others for
healthy behavior change (eg, a positive social network) [17].
The code own ideas of maintaining smoking cessation belongs
to the helping relationshipsin Table 3. The quotes described in

Table 4 show participant views such as“ Smoking cessation [E]
has a negative image. | think we need to change the image of
smoking cessation into positive one (#*."#).” This participant
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proposed hisideato maintain abstinence for other participants, maintenance stage of the transtheoretical model such as
leading to making new relationships among peersto help each  counterconditioning, stimulus control, and reinforcement
other. There were no postingsrelating to other constructsinthe  management.

Table 3. Coding scheme and its relationship to the transtheoretical model.

Code name Explanation Corresponding construct in
the transtheoretical model

Gratitude Expressing gratitude toward staff of the smoking cessation clinic. It can strengthenthe  Helping relationships

relationship between participants and staff to focus on successful smoking cessation.
Special gratitude Expressing specia gratitude toward staff. Helping relationships
One's updates A report of one’s present smoking status. Participant acknowledgestheir smoking cessation  Helping relationships

or relapse. Being honest about oneself can strengthen the mutual relationships between

participants and staff.
Encouragement Posting encouraging messages to peers aimed at sustaining smoking cessation. Helping relationships
Agreement Agreeing with peer’s ideas relating to smoking cessation. Helping relationships
Anticipation of support Anticipating the staff tracking one’s smoking cessation, and giving advice if necessary ~ Helping relationships

for support.
Ownideasfor smoking cess Own ideas of maintaining smoking cessation such as rebuilding a positive image of Helping relationships
sation smoking cessation to aim for success.

Health problem consultation  Asking for advice from staff about one's health condition during smoking cessation. Helping relationships

Worry Commenting on concern about continuing smoking cessation. Self-reevaluation
Happiness during smoking  Expressing one's happiness about discovering positive results of smoking cessation. Self-reevaluation
cessation

Decision Announcing one'sdecision to quit smoking formally just before starting smoking cessation  Self-liberation

based on one's belief.
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Table 4. Smoking cessation and hel ping relationships from the transtheoretical model 2P,

Categories (# Smoking cessation success Smoking relapse Overal interpretation
comments) (meta-inferences)
p1 P p3 P2P3
n(%) lllustrative quotes n (%) Illustrative quotes
Expressonsof 6(22) The staff have been wonderful. (#)."4) 317 O Thank you. [P2] There were more frequent
gratitude After all, your * backup” had a profound ef- Thanks for your advice. [P2] @hd moredescriptive com-
(n=9) fect on me. (#./¥) ments from successful
(PD).
Thank you. E
Reportsabout 5(19) Sofar, so good, but I'mnot so confident, so 2 (11) 2 One week has passed since  Both the frequency and
smoking cessa please give me your support and advice. (50) quitting smoking. [P2] meanings of the comments
tion status (E) Somehow | got through it. werg_sumllar among all
(n=9) [P2] participants.
Well, I’m doing rather well. o o
, ) ) Thisisthe second clinic. |
| mitrying to spend more day_s without t_he have been quitting smoking
pill. So far, I'm keeping smoking cessation. for 1 week. [P3]
(E) I got it how to post. Now, | am
Two weeks have passed since April 9th when somehow still quitting smok-
| stopped taking Champix, just before the ing. [P3]
10th week of treatment. I’ m doing well keep-
ing smoking cessation. (IE)
Thank you, I'm still quitting smoking.
Encouraging 7 (26) , B 2(11) o0 Let’s do our best together. There were more frequent
messages Lesdoour best (<) [P2] and more descriptive com-
(n=9) Try your b ot B () Yes, let's try our best. [P2] Egir)lts from successful
If you quit smoking, you will find you can re-
discover various smellsaround you. (IE)
I’mon your side. (#"."#)
As there are fewer smoking-allowed areas,
the price hasrisen, now is a chance to quit
smoking!
Agreement 2(7) |agree (#\). Wearetakingagoodchal- 2(11) O Hmmm, motivation. | will try ~Frequency and descriptive
with other's lenge, but [ smoking cessation] isstigmatized tofindit. [P2] comments were similar
comments negatively. (#'."#) Carbon monoxide concentra-  Detween successful (P1)
(n=4) tion, which we had examined and relapse (P2).
before when seeing the doc-
tor. [P2]
Anticipating  1(4)  Pleasewatch over mefrom Tottori. (#*."4) 0 0 _9 This category was specific
support of in successful (P1).
smoking cessa
tion from staff
Ownideasfor 1 (4 0 — This cat ifi
fdess for @ Smoking ce&atiorJE has a negative image. IS caregory Wesspeaitic
continued ; ; in successful (P1).
smokin | think we need to change the image of
g ki tion into positi N
tion (rebuild- smoking cessation into positive one. (#\."\#)
ing positive
image of
smoking cessa
tion)
Askingadvice 0 — 1(6) 0 Good evening. | don't know  This category was specific
about own if itisa problemrelated to in relapse (P2).
health tobacco, but I’d like to ask
you about difficulty sleeping.
(P2

8Comparison of the participants with smoking cessation success and relapse using the frequency of comments and illustrative comments using ajoint
display.
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bHel ping relationships refer to the process of change that mediates progression in the maintenance stage.
®The numbers of each cell represent frequencies of codes with percentage of all codes noted in brackets in each case.

dpy: participant 1.
€p2: participant 2.
fp3; participant 3.
9Not applicable.

Focus on Helping Relationships on the Platform

Thevast majority of comments posted on the platform from the
participants concerned helping relationships. A comparison of
the decreasing order of frequencies and illustrative comments
for the successful abstainer and the 2 participants who relapsed
are provided in Table 4. A total of 7 categories relating to
hel ping rel ationships were identified through the coding scheme.
Theinitial coding scheme differentiated between gratitude and
special gratitude as participants clearly used these to express
the degree of emphasisthat they symbolized by lining up several

kinds of ematicons, such as (#*."#) and E. These 2 codeswere
aggregated into a single category named expressions of
gratitude. In termsof the frequency and percentage of comments
posted on the platform, encouraging messages were specifically
observed in the successful participant 1, while reports of
smoking cessation status were observed similarly among all 3
participants. Encouraging messages posted by the successful
participant 1 were more descriptive than those of the relapsed
participant 2.

https://formative.jmir.org/2021/9/e25883

The percentage of categories referable to hel ping relationships
was 81% (22/27) in the successful participant 1, 56% (10/18)
in relapsed participant 2, and 50% (2/4) in relapsed participant
3 (Table 4).

Self-Liberation and Self-Reevaluation on the Platform

Of the categories in the transtheoretical model, self-liberation
was more commonly mentioned. There were 2 categories of
self-reevaluation (Table 5). The category decision to stop
smoking was observed inall participantswith similar descriptive
comments. Notably, participant 2 mentioned most frequently
concern about sustaining smoking cessation in his comments.
In addition, the category expressing happiness about the
successful result of smoking cessation was specific to participant
2. Content analyses of the emoticons attached to textual
comments, and responses showed that participant 1 used them
30 times during the study period. They were especially common
in his expressions of gratitude and encouraging messages.
Participants 2 and 3 used only afew emoaticons, thus precluding
deeper analysis.
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Table 5. Smoking cessation as relates to self-liberation and self-reevaluation based on the transtheoretical model 2P,

Constructs of processesof ~ Smoking cessation Success  Smoking relapse Overal interpreta-
change and categories (total tion (meta-infer-
number of comments made) ences)
p1d P p3f P2P3
n Illustrative quotes  n (%) Illustrative quotes
(%)
Self-liberation
Decisionabout smoking 2(7) I'll domy best,and 3 2 Looking ahead, I'll try to continue smoking cessa- The frequency was
cessation (n=7) say goodbyetoto-  (17) (50) tion, so please give me your support. [P2] higher in relapse (P2
bacco forever. | angoingtodoit. \ (*@") / [P2] a_nd P3), but descrip-
(E) 1l try. (P2 tive comments were
y- (P2) similar among (P1),
Ill do my best not to I will do my best. (P3) (P2), and (P3).

fail expectations. ) . T
P The 3-month studydis over. | received a certification

(E) of having quit smoking. Thisis the start of the
struggle within myself. If | fail, | will be back for
support again in a year. “"O" [P3]

Self-reevaluation

Concern about sustain- 1 (4) | worryabout (doing 3 0 Today | feel 70% like smoking, what should | do?  The frequency was

ing smoking cessation too well after quit-  (17) [P2] higher and more de-
(n=4) ting smoking). | have been in the building all day long, so | feel ~ SCriptive comments
like going out. [P2] :Nere ot;;erved inre-
It was very difficult to improve the [ carbon apse (F2).
monoxide] value from 1 to 0.|E Every time, | had
to laugh wryly with the nurse.lENext time, | will
achieve 0. Maybﬁ. [P2]
Expressing happiness 0 _h 16 O Ah! Oh yeah, | changed my toothbrush and tooth- ~ This category was
about positive result of paste. | feel better because | was annoyed by tar  specificin relapse
smoking cessation (P2).

(n=1) and coffee stai ns|E [P2]

8Comparison of the participants with smoking cessation success and relapse using the frequency of comments and illustrative comments in a joint
display.

bsalf-liberation is the process of change that is seen in the action stage while the category self-reeval uation refers to the process of change that mediates
progression between the contemplation and preparation stages.

®The numbers of each cell represent the frequencies of codes with the percentage of all codes noted in brackets in each case.
dpy: participant 1.

€p2: participant 2.

fpa; participant 3.

9The participants used the phrase “ referred to the smoking cessation clinic program.”

PNot applicable.

Longitudinal Findingsfor Successful Smoking
Cessation and Relapse

Thetransitions between major categoriesin thetranstheoretical
model during the study period in participant 1 and participant
2 are demonstrated in Figure 2.
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Figure 2. Categories of comments appearing by successful participant 1 and relapsed participant 2 during the observed period. Boxes represent the
appearance of each category in time sequence after the participant completed the smoking cessation program at the clinic. Filled, striped, and dotted
boxes represent categories corresponding to hel ping relationships, self-liberation, and self-reevaluation, respectively. The number in the box represents
the frequency of the observed category. Boxes without numbers represent 1 observed occurrence.

Months after completing the program
for successful participant 1

Months before completing the smoking
cessation clinical program
for relapsed participant 2

Categories

2 3 3

!

Reports about smoking cessation status

Decision about smoking cessation

Encouraging messages

Expressions of gratitude

Agreement with other's comments

Concern about sustaining smoking cessation

Anticipating support of smoking cessation from stail’

Own ideas for continved smoking cessation

Asking for advice about own health

Expressions of happiness toward positive result of smoking cessation

Evolution of Comments M ade by Participant Who
Succeeded in Smoking Cessation

Participant 1 commented on the decision of smoking cessation
twice during the first month after starting the peer and
clinician-supported smoking cessation program. This category
never appeared after that time. It wasfollowed by 7 encouraging
messages toward peers (Figure 2). Afterward, other categories
corresponding to the maintenance stage accounted for the
comments.

Evolution of Commentsby ParticipantsWho Relapsed
After Smoking Cessation

Participant 2 joined in the Facebook abstention support platform
after the first visit of the 12-week clinical smoking cessation
program. He quit smoking at the initial visit and sustained
smoking cessation with medical treatment by oral varenicline.
In contrast to participant 1, participant 2 wrote encouraging
messages only twice after his decision to stop smoking. He
asked for advice on managing insomnia, which was followed
by concerns about sustai ning smoking cessation 3 times (Table
5, Figure 2). Notably, he expressed happiness toward a positive
result of smoking cessation, and especialy, restoration of oral
hygiene. These categorieswereregarded asone of the constructs
in the processes of change, self-reevaluation, generally seenin
the stages of contemplation or preparation. On the other hand,
he posted encouraging messages around the sametime. In short,
the categories belonging to both the stage of contemplation (or
preparation) and the stage of maintenance were observed around
the same time (Figure 2). The categories referable to
self-reeval uation accounted for only 4% (1/27) in the successful
participant, while these constituted 22% (4/18) in relapsed
participant 2 (Table 5). Three months after his last comment,
he relapsed into smoking as confirmed by afollow-up telephone
interview. In short, participant 2 retreated from the maintenance
stage after completing the smoking cessation clinic program.

https://formative.jmir.org/2021/9/e25883

Participant 3 also quit smoking when he visited the clinic for
the first time. Because he needed time to learn how to access
the page, he joined the online smoking cessation program 2
weeks after his first visit. Participant 3, who also relapsed,
posted 4 comments during the study period. Similar to
participant 2, he posted only 2 comments referable to the
category decision to stop smoking (Table 5). The comments
wererelated to self-liberation just after completing the smoking
cessation clinic program. The participant did not post any
encouraging messages (Table 5). He relapsed to smoking 1
month after hislast post.

Repetitive Posting of Encouraging M essages

Based on the stages of changein the transtheoretical model, we
integrated the categories of our results into a conceptual
framework (Figure 3). In the transtheoreticad modd,
self-liberation is necessary for the process of change from the
action stage to the maintenance stage [17]. We interpreted the
category of decision about smoking cessation to represent
self-liberation. Concern about sustaining smoking cessation is
considered as a category in self-reevaluation, usually seen in
the preparation stage.

The relationships between processes and stages have not been
strictly consistent [17]. Therefore, this category wasinterpreted
as one of the needs of reassurance for social support aswell as
other 3 categoriesin helping relationships: anticipating support
of smoking cessation from staff, own ideas for continued
smoking cessation, and asking for advice about own health.
Additionally, we observed repeated encouraging messages as
helping relationships, which were necessary for maintaining
smoking cessation. We propose a repetitive encouraging
message model as highly important to the maintenance stage
of smoking cessation.
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Figure 3. Therepetitive encouraging message model for smoking cessation aligned with stages in the transtheoretical model. Square boxes: categories
identified in this study. Rounded boxes: stages of change. Arrow: constructsin the process of change.
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Discussion

Benefits of the Smoking Cessation Program

Regarding thefirst study aim of eval uating the 1-year outcomes
of the smoking cessation program, the findings were lackluster.
Of the 9 who met €eligibility criteria for study, 3 had quit
smoking after participating in the smoking cessation clinical
program. Of these 9, 3 participants chose to participate in the
Facebook-based peer and clinician-supported platform and only
one persisted in smoking cessation to the 1-year end point.
Among the 6 nonparticipants in the original clinical smoking
cessation program, 2 successfully quit smoking. The socia
media platform intervention outcome proved no better than the
nonintervention group. According to national data from Japan,
about 70% of people who quit smoking relapsein the first year
after smoking cessation [8].

Possible Explanations for Low Enrollment on the
Platform

Regarding decision making about whether to enroll in the
program, it is plausible that the least confident patients would
tend to enroll in the online program. If true, it is possible that
the intervention might have increased the success rate of
smoking cessation compared to having no intervention.
Regarding the nonparticipants, 2 of the 6 refused enrollment
due to concerns about insufficient security of personal data on
Facebook. This study was ongoing when the leakage of private
data of Facebook users was reported widely in the media in
Japan, aselsewhere[25]. Thisissue amost certainly negatively
affected digible participants decision making about participation
in the study. Lack of trust and confidence in security of the
platform could obviously limit the use of this method in the
future.

https://formative.jmir.org/2021/9/e25883

Plausible Reasons for Limited Number of Sustained
Smoking Quits

There are several plausible reasons why a higher rate of
sustained smoking cessation success was not achieved. First,
the idea of a social media platform for support of smoking
cessation, at least for the demographic in this region, may not
have been sufficiently appealing. This could be related to the
demographic of participants asolder individuals, who are more
likely to be smokers. Being older, they may also have been less
facilewith technology and social mediaplatforms. Interestingly,
participant 1, who successfully quit, was aged 62 years during
the study and extensively used the platform for text and
emoticon postings. Hence, caution should be exercised in
assuming that being older precludes participation in social
media. Second, the benefits of the platform may have been
suboptimal as there was limited time available for usability
testing. It is encouraging that all 3 participants who started on
the platform remained engaged for severa months. Third,
achieving greater success on a platform such as the one
evaluated may require a critical mass. Three people may not
suffice, especially if only one provides positive comments. With
alarger number of participants, interactivity between multiple
subscribers may have demonstrated more beneficial effects.
Fourth, the optimal involvement of program staff is unknown.
It is notable that some comments were directed to the health
professionals who were known by the platform users. We did
not collect data on participants' views of clinic program staff
involvement.

Patterns Supporting Smoking Cessation or Related to
Relapse

Our second study aim was to identify patterns supporting
smoking cessation or related to relapse. We observed that
repetitive encouragement offered to peers during the early
smoking cessation period appeared to help solidify the
maintenance stage, as seenin participant 1 but not in participant
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2. On the other hand, the need for reassurance through social
support such asin the form of concern about sustaining smoking
cessation wasin hindsight an important warning sign of smoking
relapse risk. Conflicting comments, such as encouragement for
others while endorsing annoyance with concerns about
sustainahility of smoking cessation, might be apotential warning
sign as there were both positive and negative feelings at the
same time. Smoking relapse is caused by various factors such
as withdrawal symptoms, negative affect, and cravings [26].
We observed negative feelings and craving during the second
month of enroliment in participant 2. The participant made
encouraging comments and expressed gratitude and happiness
about a positive result of smoking cessation during this tough
time. But, in hindsight, he was struggling to maintain abstention.
Emotional distress has been reported as an immediate precursor
factor in smoking relapse in a longitudinal study [27]. While
encouraging messages were sent by medical staff soon after he
posted comments, if his conflicted feelings had been noted,
more active management might have been possible.

Utility of Social Networ king Servicesto Send M essages
Helpful to Support Smoking Cessation

The effectiveness of behavioral change through mobile health
software apps has been noted in terms of perceived
psychologica empowerment and enhanced hedonic well-being
[28]. The development of apps to discriminate among text
messages could focus on distinctions among the decision of
smoking cessation, encouragement for peers, and need for social
support such as concern about sustaining smoking cessation. It
could aert health professional's supporting patients within the
peer group to intervene quickly, or it could automatically reply
with helpful messages for those participants. Mobile phone
users with these apps appreciate the time-sensitive aspect of
such devices. A systematic review has reported that social
support is a partially efficacious method for quitting smoking
[11]. Itisnot feasible to continue to respond manually to every
post from participants when the number of platform users
increases beyond the capacity of the clinical team to manage.
Natural language processing or other artificial intelligence
applications could be used in the future for anayzing the
contents of posts from the participants who struggle with
maintai ning tobacco cessation. Automatic responsesto messages
from abstainers could help health professional's support patients
trying to quit smoking on a nationwide scale. The real-time
messaging could provide advantages of human staffing which
isdifficult 24/7.

Study Findingsin a Broader Context

The potential benefits of mobile phone-based smoking cessation
interventions have been reported in a systematic review [7].
Text message-based smoking cessation interventions, either
alone or in combination with face-to-face assessments or online
programs, were effective for those trying to quit smoking in
high-income countries with existing tobacco control policies,
media, and education [7]. We used a similar strategy involving
text message—based support on a Facebook group page. In
another study using Twitter-based support networks for adult
smoking cessation, researchers elucidated reciprocated ties
among abstainers and nonabstainers in both dyadic and
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small-group communication patterns [29]. We found similar
reciprocated comments and responses between participants 1
and 2 (data not reported, available upon request). This finding
may imply that the spirit of mutual aid was shared among
participants aiming for successful smoking cessation.

Additional L essons L earned

These findings raise the question about the utility of creating a
private community on an online platform like Facebook for
adult smoking-cessation interventionsthat support collaboration
between smoking cessation-patients and health professionals.
A recurring pattern among smoking cessation clinics is rapid
relapse to smoking soon after treatment termination [17]. The
sudden loss of social support can threaten the stability of
smoking abstention. The merit of a private community is a
continuous mutua relationship between staff members and
patients after completing a maximum 12-week smoking
cessation outpatient clinic. Such acommunity may ensure that
participants share their feelings and ideas without shame.

Our findings about the potentia utility of Facebook asaplatform
for smoking cessation are consistent with previous reports
[30,31]. Previousresearch additionally hasrevealed potentially
useful features of iPhone apps for smoking cessation that
focused on exploring behavioral change techniquesin apps[32].
A pilot cluster randomized controlled trial showed the possible
usefulness of the socia group for recent quitters who had
completed an 8-week treatment and reported abstinence for at
least 7 days in Hong Kong [33]. The study found significant
relapse prevention at 2-month and 6-month follow-upsin users
allocated in the WhatsA pp group but insignificant resultsin the
Facebook group. They aso analyzed the posts and collected
participant postintervention feedback [34]. They suggested that
they could improvethe online peer support group’s effectiveness
by encouraging more self-report of relapse, active discussions,
sharing of interesting content, and using an appropriate
discussion platform.

The main components of behavioral change techniques for
smoking cessation include supporting identity changes;
rewarding smoking cessation; and offering advice on changing
routines, coping strategies, and medication use [35]. If an app
such as an automatic reminder is devel oped using smartphones,
the method and outcome should be assessed in the context of
evidence-based practice. Few apps available by popular app
stores are rooted in evidence-based science [36]. Future
iterations of online platforms should fully consider this body
of evidence.

Tobacco control challenges are universally problematic in East
Asia[37]. For example, Japan, China, and the Republic of Korea
face similar problems such as high rates of adult men who are
current smokers, alow rate of men planning to quit smoking,
and fewer opportunities to use nicotine replacement therapy
than in Western countries. Younger generations in these
populations are highly technophilic. Sharing the knowledge and
skills of smoking cessation strategies and supporting apps may
enhance smoking cessation programs and reduce tobacco-related
diseases in these countries.
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Methodological I nsights

In this paper, we have used amixed methods case study design.
For theintensive eval uation of the cases, the quantitative counts
and qualitative reports are relevant as individual data on the
participants. The actual quantitative data from the frequency of
codes and constructs provided meaningful information for
comparing characteristics between the successful case and
relapsed cases. Additionaly, this paper provides several
methodological insights and novel illustrations. First, the study
illustrates a qualitatively oriented mixed methods case study
using asingle-case holistic design [38]. However, presentation
of the findings followed a quantitatively oriented approach.
That is, the quantitative data provided a useful organizational
structure, but the qualitative datawere prominent in the analysis
[39]. Second, the study illustrates the use of a qualitatively
oriented longitudina mixed methods case study. Both the
guantitative and qualitative findings were used interactively
and were essential for the study [40], but the qualitative data
provided the greatest insight about how the participants
responded to the intervention. Third, the study illustrates the
integration of emoticons into qualitative data analysis.
Emoticonsare commonly used on social mediain text messaging
and platforms such as Facebook, and researchers need examples
for use in their work. A previous study quantitively analyzed
emoticons posted on Facebook using correlation analysis [41].
Their findings supported the feasibility and validity of studying
individual emotiona well-being by means of examination of
Facebook profile including emoticons. Fourth, the study
provides a detailed explanation of steps of the mixed methods
joint display analysis that were used to integrate the findings
[22]. Fifth, the study illustrates the use of the transtheoretical
model in amixed methods analysis of data[42]. Sixth, the mixed
methods integration dimensions areillustrated in multiple ways
[43].

Limitations and Future Research

A key limitation of this mixed methods case study was that it
was conducted in a single smoking cessation clinic in Japan.
Data collection in other settings is necessary to assess the
relevance and transferability of our findings. The success rate
for quitting immediately after completing the smoking cessation
program in our hospital has hovered at about 60%, which is
dightly above the average of Japanese medical agencies [8].
Smoking relapse 1 year after completing the program is about
70% in our hospital, which issimilar to trendsin another report
[8]. These findings suggest that we had atypical setting for this

Isseetd

case study. Asthe setting for thisresearch wasasingle program
and the number of participantswas small, a case study research
design was chosen over a variable-based study approach. This
enabled us to look for the critical characteristics of the cases
from the midst of complicated data. Our intent wasto understand
the case (ie, what it is, how it works, and how it interacts with
its real-world contextual environment) [15]. While we offer no
claims about the effectiveness of the program or generalizability,
wefeel thein-depth analysis of this case study using systematic
procedures provided important insights that might not have been
feasibleto explorein experimental studiesand that the findings
have relevance, namely, transferability, to other settings [15].
Additionally, while duration of abstinence before smoking
cessation intervention initiation is associated with maintenance
of smoking abstinence, we did not have record of the exact date
of their last cigarette. As we had comments prior to relapse to
smoking but few afterwards, different research strategies may
be needed for data collection designed to understand the
immediate postrelapse period. Another challenge common to
online research relates to the variation in participation of
postings among participants. Future researchers may need to
takethisinto account. Additionally, future research on abroader
scale could consider a quasiexperimental design or an
experimental design with a control group.

Conclusions

The private Facebook page to prevent smoking relapse enabled
us to communicate without meeting together in the same
physical space, a factor not to be ignored given the need for
aternative approaches during the COVID-19 pandemic.
Decisive comments about quitting smoking were common
among participants, but encouraging messages for peers
primarily camefrom one successful person. The need for social
support and reassurance, such asin the form of concern about
sustainability of smoking cessation, was a warning sign of
smoking relapse. In addition, conflicting comments, such as
encouragement for others while admitting annoyance at
worrying about sustaining smoking cessation, might be a
potential warning sign. It should be regarded as occurring before
the maintenance stage. Further analyses of these messages are
needed to identify a significant pattern in comments and
responses to prevent smoking relapse. Finaly, this paper
provided methodological illustrations relative to the use of a
longitudinal mixed methods case study, the use of information
from Facebook including text and emoticons, and a detailed
explanation of the mixed methods joint display analysis.
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Abstract

Background: Pediatric emergencies involving children are rare events, and the experience of emergency physicians and the
results of such emergencies are accordingly poor. Anatomical peculiarities and individual adjustments make treatment during
pediatric emergency susceptible to error. Critical mistakes especialy occur in the calculation of weight-based drug doses.
Accordingly, the need for a ubiquitous assistance service that can, for example, automate dose calculation is high. However, few
approaches exist due to the complexity of the problem.

Objective: Technically, an assistance service is possible, among other approaches, with an app that uses a depth camerathat is
integrated in smartphones or head-mounted displays to provide a 3D understanding of the environment. The goal of this study
was to automate this technology as much as possible to devel op and statistically evaluate an assi stance service that does not have
significantly worse measurement performance than an emergency ruler (the state of the art).

Methods. An assistance service was devel oped that uses machine learning to recognize patients and then automatically determines
their size. Based on the size, the weight is automatically derived, and the dosages are calculated and presented to the physician.
To evaluate the app, a small within-group design study was conducted with 17 children, who were each measured with the app
installed on a smartphone with a built-in depth camera and a state-of-the-art emergency ruler.

Results: According to the statistical results (one-sample t test; P=.42; a=.05), there is no significant difference between the
measurement performance of the app and an emergency ruler under the test conditions (indoor, daylight). The newly devel oped
measurement method is thus not technically inferior to the established one in terms of accuracy.

Conclusions: An assistance service with an integrated augmented reality emergency ruler istechnically possible, although some
groundwork is still needed. The results of this study clear the way for further research, for example, usability testing.

(IMIR Form Res 2021;5(9):€28345) doi:10.2196/28345

KEYWORDS

resuscitation; emergency medicine; mobile applications;, mobile phone; user-computer interface; augmented reality; machine
learning

: First, this type of emergency is very rare; in Germany, for
Introduction example, there are only 1000 prehospital resuscitations for
Background 30,000 emergency physicians per year, that is, on average, one

emergency physician resuscitates a child every 30 years [3].
This observation deliberately ignores that there are specialy
trained pediatric emergency physicians in urban areas, as
pediatric emergency physicians are not common. Second,

The results in pediatric emergencies are not satisfactory. Too
few children survive such emergencies with favorable
neurological outcomes[1,2]. There are several reasonsfor this.
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emergency physiciansfind it difficult to remain cam in achild
emergency. In asurvey of 104 emergency physicians, conducted
by Zink et a [4], 88% said that they had already felt anxiety or
excessive pressure at work. When asked for the reason, 84%
said they had experienced these feelings in a pediatric
emergency, followed by polytraumatized patients (20%) and
obstetric emergencies (18%). Multiple answers were possible.
Apart from the fact that the patient is a child and the
psychological consequences that may result, it is mainly the
anatomical differences between children and adults and the
associated peculiarities of resuscitation that cause problemsfor
emergency physicians. Although the resuscitation of an adult
is quite standardized, there are individual differencesin every
child. The choice of using different processes as well as
equipment isinfluenced by the size or weight of the child. For
example, the size of the endotracheal tube and depth of insertion
are specified [5] or the dosage of medication is calculated
individually based on the patient’s weight [6]. Especialy in
drug dosing, mistakes happen rather frequently, sometimeswith
life-threatening consequences[7-9]. Thisisbecauseit isdifficult
to determine a child's weight and thus the correct dose. There
are various methods to determine a child's weight. As Young
and Korotzer [10] describein their systematic analysis, the most
precise method is parental estimation. If the parents are not
present, the state of the art isto derive the weight from the height
of the child using a so-called emergency ruler (eg, Broselow
tape [6]). These tools are important, because the medics
estimations are not very accurate, according to the systematic
analysis mentioned earlier [10]. Despite these aids, emergency
physicians repeatedly express a desire for technical aids[7,8].
Therefore, one ideais to create a ubiquitous assistance service
that uses modern wearables (eg, a smartwatch for measuring
the compression depth [11], head-mounted displays [HMDs]
as screens or for telemedical scenarios [12,13]) to provide a
service that requires as little attention as possible while still
providing great assistance (principle of calm technology [14]).
To accomplish this, a high degree of automation must be
achieved in addition to a high level of usability. Theideaisto
recognize the patient with computer vision algorithms and to
be able to measure the patient directly using a depth camera.
All other parameters can then be automatically derived,
calculated, and displayed on an HMD, for example, asintegrated
into the process steps of the American Heart Association [15]
or the European Resuscitation Council (ERC) [16] guidelines.
After literature research, expert interviews, and initial research
results [17], an app was programmed and evaluated using a
comparative study to apply thislevel of automation.

State of the Art

There are several approachesto replace emergency rulersusing
technical support, for example, with a smartphone or a tablet
[18-24]. Promising studies have already confirmed that the use
of an app can minimize errors [22-24]. However, the problem
with most apps (all mentioned earlier but one) is that there is
no automation of size recognition, that is, manual entries are
necessary. Apart from usability, there is also the problem that
these values (age, weight, or height) must be known first. For
inhospital cases, it can be assumed that the weight of the child
is known; however, this does not apply to prehospital cases.

https://formative.jmir.org/2021/9/e28345
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For some apps, even the now-obsolete age-based formula for
calculating the dosages is used [18], which is inferior to the
length-based method [10]. A very interesting app is Optisizer
developed by Wetzel et al [21]. A 20x20-cm tag placed next to
thechild isused asareference valuefor the size. A first clinical
trial looks promising [21]. However, the tag must be at the same
level as the child, and the measurement must always be taken
a a 90° angle. This is simply because a camera without
additional sensor technology has no relationship to angle and
depth, and therefore, an accurate calculation cannot be made
automatically. A revised version of thisapp, which should solve
this problem, is announced by the authorsin the outlook [21].

The aim of this paper is therefore to fill this gap. An app is
programmed and evaluated that uses augmented reality (AR)
and a depth camera to provide a simple, fast, and safe way to
automatically determineachild’ sweight and thusthe medication

dosage.
Methods

Background

The evaluated app is based on a prototype in which the
measuring accuracy of the Asus ZenFone AR’s depth cameras
has already been proven [17]. Thisdoes not deviate significantly
from the measurements made with the aid of an emergency
ruler. However, the handling was problematic; the individual
measuring points (head and foot of the child) had to be marked
manually. To address this problem, the app was further
developed so that it recognizesthe child using machine learning
and then performs an automated measurement. Furthermore,
dosages for adrenalin and amiodarone are calculated and made
available to the user. The calculations are based on the data of
the KiGGS (Sudie zur Gesundheit von Kindern und
Jugendlichen in Deutschland [German Hedlth Interview and
Examination Survey for Children and Adolescents]) study of
the Robert Koch Institute (RK1) [25] and the formulas stated in
the ERC guidelines[16]. It must therefore be eval uated whether
the new functionality of the app can repeat the good values of
the previous study. The decisive factor here is how well the
process of machine vision (recognition of the child, head to
foot) and the size recognition work in combination.

App Design and Technology

The size recognition of a patient and the dose calculation
basically consist of three steps. In the first step, a person is
detected in the cameras field of view using an object
recognition algorithm and is classified as a human being. In
addition, the areain theimagein which the child islocated must
be delimited as precisely as possible from the surroundings, and
the measurement points (upper and lower limits) must be
defined. In the second step, the distance between these two
points and the camera is measured. This defines two pointsin
3D space, and the size can be calculated. In thefinal step, based
on stored data, the respective dosages must be loaded and

displayed.

Object Recognition

As soon as the app is started, it is ready to detect objects. The
object detection is performed using the TensorFlow Object
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Detection API [26] and the TensorFlow Detection Model Zoo
[27]. Based on different parameters, such as GitHub activity,
Google searches, books, or job descriptions, it can be said that
TensorFlow isthe leading deep learning framework [28].

Recognizing people is one of the standard tasks of machine
vision, so it should not be necessary to train the entire
functionality from the beginning. To simplify the clarity of the
app and to saveresources, only the functionality for recognizing
persons is activated. If a person is recognized, a bounding box
is placed around this person and the confidence is displayed.
With a confidence of 98% or more, the coordinates of the
bounding box are stored in variables. The respective
y-coordinates of two diagonally opposite points of the four
corner points of the box indicate the size of the person.

Size Measurement

The size is measured using the Google Tango framework.
Switching between the activities is done using the Intent class
of Android. Tango is the predecessor of ARCore [29] and was
developed for mobile phones with depth cameras. By defaullt,
Tango uses touch to set the measurement points manualy. To
automate this, the points from before are adopted. To prevent
diagonal measurements, the x values of the two points are
averaged and used as x-coordinates for both measuring points.
It is important that both the object detection and the size
measurement work with the same resolution (in this case,
1920x1080 pixels).

Schmucker & Haag

Dose Calculation

Depending on the size, the corresponding weight isloaded from
a store and the appropriate dose is calculated and displayed
using the formulas specified in the guidelines of the ERC [16].
Thesizeto weight ratiois, as already mentioned, created using
data from the KiGGS study of the RKI [25] and the formulas
given in the guidelines of the ERC [26].

Study Design and M easurements

The study design was a within-group setting in which each of
the children was anonymously measured first with the app,
installed on a ZenFone AR, and then with an emergency ruler
(Pediatape [30]). The measurements (S, S,) were performed
in aroom of akindergarten during daylight. The children were
lying on awooden floor. For the measurement with the app (S,),
the person taking the measurement stood in front of the child;
the angle or the height of the camera was not specified. The
process was similar to taking a photo with the smartphone. The
only important factor was that the person being measured was
captured as a whole by the camera (see Figure 1). When
measuring with the emergency ruler (S,), the beginning of the
measurement was placed at the head and the size was then read
at the foot (see Figure 1). For both measurements, it was
important that the person did not curve their legs. The
parameters of age, height, weight, and gender of the children
were not known from the beginning and were therefore
randomly selected. In conclusion, there was one independent
variable (measuring device) that took two values (app,
emergency ruler).

Figure 1. Schematic representation of the two measurements. S;, measurement with the app; S,, measurement with the emergency ruler.

Measurement S+
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Recruitment

The study included 17 children from two kindergartens.
Originally, over 50 parent letters were issued, but at the time
of the study, only 17 permissions were obtained. There was no
formal sample size calculation; the analysis plan was decided
post hoc.

Legal Aspects

Because the measurements performed could not cause any
definable harm, no ethics committee was consulted prior to the
execution. A legal review of the app with regard to the Medical
Devices Act is pending but is considered to betoo early at this
stage.

Statistical Analysis

Shapiro-Wilk Test

Because fewer than 30 subjects were available and we could
not rely on the central limit theorem, which statesthat asample
isnormally distributed when more than 30 samples are present,
a Shapiro-Wilk test was performed prior to the statistical test
selection to check for anormal distribution of the collected data.

Descriptive Statistical Analysis

To better understand the data before performing a statistical
test, some descriptive statistics were calculated and plotted.
These include the average of the respective measurements (S,,
S,), the median, and the standard deviation. In addition, it was
checked whether the expected high correlation between the
related measurements and the expected correlation of the
measurements with the corresponding weight of the children
was actually present. Furthermore, the measured heights are
presented with the corresponding weights.

One-Samplet Test
Totest for asignificant difference, aone-samplet test comparing
the mean deviation of the difference (S; — S,) to the reference

value zero was executed. Two measurements are identical if
the difference of the individua measurements is zero. The
following hypothesiswastested at the significancelevel a=.05:

https://formative.jmir.org/2021/9/e28345
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Ho: There is no difference between the augmented
reality application with automated size recognition
using machine vision on the ZenFone AR and the
Pediatape emergency ruler in the quality of the
measurements.
If there were substantial differences, the app would not be
suitable to act as an automated AR emergency ruler.

Bland-Altman Limits of Agreement

For a better overview, the results were additionally presented
graphically. For this purpose, the Bland-Altman plot was used
[31,32]. Thereby, thedifferences (delta) S; — S, of theindividual
measurements (S,, S,) were plotted against their mean ((S; +
S,)/2). Thisresulted in the following formula:

@

The upper and lower limits of agreement (LOA) are defined as

@] + 1.96sat asignificancelevel of a=.05, Where@ represents
the mean difference and s the standard deviation of pairwise
differences. If 95% of the measurements lie within the LOA,
both methods can be considered interchangeable, that is, both
methods are equally appropriate [32].

Regression Analysis
To exclude aproportional bias, alinear regression analysiswas
performed at the end with the dependent variable (the

measurement difference) and the independent variable (the
mean).

Results

Table 1 lists the measurements performed and the associated
weight, sorted ascending by the height, measured with the app.
If the height was somewhere between x.3 and X.7, X.5 was used;
otherwise, the nearest full centimeter was used. This level of
ambiguity is not a problem in the tested use case.
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Table 1. Participants' characteristics.

Schmucker & Haag

Participant no. Height measured with the app (cm)  Height measured with the emergency ruler (cm)  Weight (kg)
1 98 98 151
2 98.5 975 153
3 99 101 153
4 99.5 98.5 154
5 100 100 189
6 101 105 20.2
7 102 100 151
8 104.5 105.5 194
9 107 107 194
10 111 113 21
11 1115 1125 22.6
12 1125 1135 215
13 1135 1125 205
14 1135 116.5 231
15 119 118 20.8
16 119 117 231
17 121 119 194

Shapiro-Wilk Test

Due to the small sample size, before applying at test, it must
be examined whether the sample is normally distributed. The
difference (S; —S,) and the mean ((S,; + S,)/2) weretested. The

test was carried out using SPSS (IBM Corporation).
Table 2. Shapiro-Wilk test results.

As Table 2 shows, none of the P values are smaller than the
significance level 0=.05 (Pgt=.38; Pyean=-06). It can therefore
be assumed that the sample is normally distributed in terms of
both difference and mean.

Statistic W P value
Difference .95 17 .38
Mean .90 17 .06

Descriptive Statistical Analysis
M easured with the emergency ruler, the subjects are on average

2,~108 cm tall with a median of E=107 c¢m and a standard
deviation of s,=7.88 cm. The app comes to an average of

Bp=107.5 cm, also with amedian of |§le7 cmand astandard
deviation of s,,,=7.82 cm (see Table 3).

Table 3. Descriptive statistics.

Table 4 and Figure 2 show a strong correlation between both
measurements, as expected.

Thereisalso astrong correl ation between the measured heights
(S1, Sy) and the associated weights (Table 5, Table 6, and Figure
3).

@ (cm) |E (cm) s(cm)
Emergency ruler 108 107 7.88
Augmented reality app 107.5 107 7.82

https://formative.jmir.org/2021/9/e28345

RenderX

JMIR Form Res 2021 | vol. 5| iss. 9 [€28345 | p.193
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Schmucker & Haag

Table 4. Correlation analysis (Pearson r and significance) between the measured heights using the app (S;) and ruler (Sp) (N=17).

Variable Height measured by emergency ruler Height measured by the app

Height measured by emergency ruler
r 1 .98
Pvaue a <.001b

Height measured by the app

r .98 1
P vaue <.001b —
aNot applicable.

bThe correlation is significant at a significance level of .05 (two-tailed).

Figure 2. Correlation between the measurements taken with the emergency ruler and the app.
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Table5. Correlation analysis (Pearson r and significance) between the measured height using the app and the weight.

Variable Height measured by emergency ruler Weight

Height measured by emergency ruler

r 1 .85
P value _a <.001°
Weight
r .85 1
P value <.001 —
8Not applicable.

PThe correlation is significant at asignificance level of .05 (two-tailed).

https:/formative.,jmir.org/2021/9/e28345 JMIR Form Res 2021 | vol. 5 | iss. 9 [€28345 | p.194
(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH

Schmucker & Haag

Table 6. Correlation analysis (Pearson r and significance) between the measured height using emergency ruler and the weight.

Variable Height measured by emergency ruler Weight
Height measured by emergency ruler
r 1 a7
P vaue _a <.001°
Weight
r a7 1
P vaue <.001 —
3Not applicable.
bThe correlation is significant at a significance level of .05 (two-tailed).
Figure 3. Correlation between both measured heights and the weight.
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One-Samplet Test

To determine a significant difference between the two
measurements, aone-samplet test of the measurement difference
variable to the reference value zero was performed.

Therewas no significant difference in the measurement quality
of the two measurements, according to the one-sample t test
(t16=.82, P=.42; mean difference .35, 95% Cl —0.56 to 1.26).

The delta value of the measurements was not significantly

different from the reference value zero (E:BS, s=1.77). Hy
can thus be retained.

https://formative.jmir.org/2021/9/e28345

RenderX

Bland-Altman L OA

In addition to the t test, the results are presented with
Bland-Altman LOA values to provide a better overview. As
can be seen in Figure 4, at least 95% of the measurements lie
between the upper and lower limits. Therefore, it can be said
that there is no significant difference in the quality of the two
measurements to the significance level a=.05 and that both
measurement methods are therefore interchangeable.

In most cases (9/17, 53%), there was a deviation of 0 to 1 cm.
In 14/17 cases (82%), the deviation was 2 cm or less. Deviations
with more than 3 cm wererare (1/17, 6%).
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Figure 4. Bland-Altman plot.

Schmucker & Haag

Upper Limit

Difference (cm)
o

Mean Difference

-2

-3

Lower Limit
-4
95 100 105 110 115 120
Height (mean, cm)

. . roportional bias can be excluded. Thus, the app worksthe same

Regression Analysis prop i

Table 7 shows no statistically significant result. The betavalue
for the mean is close to zero; the t value is not significant. A

Table 7. Regression coefficients.

regardless of the size of the children in the sample. For a better
understanding, the regression line is plotted in Figure 5.

Unstandardized Standardized
Model Beta Beta t (df) P vaue
Constant 3.18 N/AR 0.50 (15) 63
Mean -0.03 -0.12 -0.47 (15) 65

8N/A: not applicable.
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Figure5. Regression line to exclude proportiona bias.
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Discussion carried out in an indoor environment in daylight. Especialy

According to this study, thereis no significant differencein the
quality of the measurements between a state-of-the-art
emergency ruler and a smartphone with the newly developed
app. The devel opment of an assistance serviceincludingan AR
emergency ruler is therefore technically possible. The t test
indicates no significant difference (t;s=.82; P=.42; mean
difference .35, 95% CI —0.56 to 1.26). As shown in Figure 4,
in more than half of the cases (9/17, 53%) the differences are
1 cm or less. The largest deviation is 4 cm. The sample sizeis
admittedly rather small, with 17 normally distributed samples,
but the results suggest that the distribution will not change with
larger sample sizes. For quality assurance purposes, only the
weight was collected in addition to the two measurements. Age
and gender were not included due to the principle of data
minimization and the promised protection of anonymity. This
means that it should not be necessary to calculate BMI
retrospectively. Although this would be theoretically feasible,
for the interpretation both age and gender are necessary in
children [33]. Therefore, no classification of weight can be
made. It should be further noted that the measurements were
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strong light or a bright background might affect the infrared
camera. It should also be noted that Google discontinued its
ambitious “Tango” project in 2018 [34], which was used for
this app. Due to the additionally required expensive hardware
(depth camera with infrared sensor), the Tango project could
not become generally accepted. For AR game apps, it is not
important how faultlessly objectsare placed in space. Therefore,
Google has decided on atype of technology that runs on almost
all smartphones (ARCore). However, the Tango API is still
available in Google Archive [35]. The latest trend in AR,
however, is again moving toward depth sensing, as shown by
Microsoft with the HoloL ens[36], by Samsung with the Galaxy
S20+[37], or by Apple'snew iPhone 12 Pro with light detection
and ranging technology [38]. The extent to which these
implementations are suitabl e for continuing this research needs
to be evaluated. The long-term goal of thisresearch isto create
a ubiquitous pediatric emergency assistance service. An
important step has been achieved with the automatic size
recognition. At the moment, a study at a simulation center is
planned to explore the usability aspects of the app under the
most realistic conditions possible.
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Abstract

Background: Virtual care delivery within mental health has increased rapidly during the COV1D-19 pandemic. Understanding
facilitators and challenges to adoption and perceptions of the quality of virtual care when delivered at scale can inform service
planning postpandemic.

Objective: We sought to understand consistent facilitators and persistent challenges to adoption of virtual care and perceived
impact on quality of carein aninitial pilot phase prior to the pandemic and then during scaled use during the pandemic in the
mental health department of an ambulatory care hospital.

Methods: This study took place at Women's College Hospital, an academic ambulatory hospital located in Toronto, Canada.
We utilized amultimethods approach to collect quantitative datathrough aggregate utilization data of phone, video, and in-person
visits prior to and during COVID-19 lockdown measures and through a provider experience survey administered to mental health
providers (n=30). Qualitative data were collected through open-ended questions on provider experience surveys, focus groups
(n=4) with mental health providers, and interviews with clinical administrative and implementation hospital staff (n=3).

Results: Utilization data demonstrated slower uptake of video visits at launch and prior to COVID-19 lockdown measuresin
Ontario (pre-March 2020) and subsequent increased uptake of phone and video visits during COVID-19 lockdown measures
(post-March 2020). Mental health providers and clinic staff highlighted barriers and facilitators to adoption of virtual care at the
operational, behavioral, cultural, and system/policy levels such as required changes in workflows and scheduling, increased
provider effort, provider and staff acceptance, and billing codesfor physician providers. Much of the described provider experiences
focused on perceived impact on quality of mental health care delivery, including perceptions on providing appropriate and
patient-centered care, virtual care effectiveness, and equitable access to care for patients.

Conclusions: Continued efforts to enhance suggested facilitators, reduce persistent challenges, and address provider concerns
about care quality based on these findings can enable a hybrid model of patient-centered and appropriate care to emerge in the
future, with options for in-person, video, and phone visits being used to meet patient and clinical needs as required.

(IMIR Form Res 2021;5(9):€30280) doi:10.2196/30280

KEYWORDS
virtual care; mental health; quality of care; implementation; COVID-19; digital health; pandemic; ambulatory care

https://formative.jmir.org/2021/9/€30280 JMIR Form Res 2021 | vol. 5 | iss. 9 |€30280 | p.200
(page number not for citation purposes)


mailto:suman.budhwani@wchospital.ca
http://dx.doi.org/10.2196/30280
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Introduction

During the COVID-19 pandemic, virtual care globally has
become a foremost mechanism of health care delivery to
maintain physical distancing measures, reduce personal
protective equipment use, allow for redeployment of workers
to COVID-19 programming, and meet public health
recommendations [1-4]. Defined as “any interaction between
patients and/or members of their circle of care, occurring
remotely, using any forms of communication or information
technologies, with the aim of facilitating or maximizing the
quality and effectiveness of patient care” [5,6], virtual care has
seen rapid uptakein many countriesincluding Canada, Australia,
and the United States [7-9]. This includes the province of
Ontario, particularly for people in need of mental health care
[10,11].

While virtual care was being offered in some settings prior to
the COVID-19 pandemic as a potentialy convenient and
effective option for care delivery [12,13], widespread adoption
was limited. Often-cited barriersto widespread implementation
of video and other technology-supported virtual care include
lack of digital and health literacy among providersand patients,
resistanceto change, and perceptions of impersonal care[13,14].
These barriers have interplayed with organizational and health
policy—evel factors, such as cost, the absence of mechanisms
for provider reimbursement in fee-for-service systems, and
concerns about regulatory constraints, leading to slower uptake
and adoption of virtual care delivery, despite potential benefits
[13,14]. Similar opportunities from and barriers to adoption
have al so been noted in mental health contexts [15-18].

In 2019, Women’s College Hospital, an academic ambulatory
hospital in Toronto, Ontario, Canada, launched an institutional
strategic initiative to systematically address common barriers
to virtua care adoption and facilitate coordinated and
widespread use of virtual care acrossthe organization[19]. The
strategy was launched with the implementation of a pilot of
electronic medical record-integrated video visits within the
mental health department in December 2019, prior to the onset
of the COVID-19 pandemic. This department was selected for
the pilot due to engaged leaders, alignment with the broader
hospital strategy, provider support following a stakeholder
analysis conducted by strategy implementers, and existing
evidence of effectiveness and potential to increase access to
mental health services[15-18,20]. The pilot included the ability
for physician providersto bill for video visits on par with billing
for in-person visits.

In response to the COV1D-19 pandemic, the Ontario provincial
government introduced physical distancing, lockdown, and
other public health measures [21]. Provincial physician billing
codesfor phone and video virtual visitswererapidly introduced
into the health care system to support access to care during
lockdown measures and were available for use to providersin
this study [22]. Similar to trends noted globally, scaled use of
virtual care (video and phone visits) was observed in the mental
health department of Women’'s College Hospital during this
time period.
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Literature from other jurisdictions delivering mental health care
virtually during COVID-19 speaks to facilitators, challenges,
and perceptions of the impact of care quality [23-28].
Understanding these facilitators and challenges in a Canadian
context where virtual care implementation was a strategic
hospital priority can provideinsightsto support the use of virtual
care following the reduction of physical distancing and other
public health measures. It also provides an opportunity to
understand consistent facilitators and persistent challenges that
can occur in ascaled context despite an organizational approach
to removing known barriers, aswell as describe alignment with
the Quadruple Aim (eg, improving patient and caregiver
experience, improving population health, reducing cost, and
improving the provider work environment) by looking at health
service utilization and provider experience data[29]. As such,
the objectives of this evaluation were to describe phone and
video visit utilization and provider and staff experiences during
theinitia pilot phase launch of video visitsin the mental health
department prior to COVID-19 as well as during larger scale
implementation throughout COVID-19. In particul ar, we sought
to understand consistent facilitators of and persistent challenges
to use of virtual care, aswell as perceived impact on quality of
care.

Methods

Study Design

We used a multimethods approach to collect quantitative and
qualitative data for this evaluation. Quantitative data were
collected through aggregate utilization data of virtual (phone
and video) and in-person visits prior to and during COVID-19
lockdown measures between December 2019 and June 2020,
as well as through provider experience surveys with mental
health providers. Qualitative data were collected through
open-ended questions on provider experience surveys, focus
groups with providers in the mental health department, and
interviews with administrative and implementation hospital
staff. Ethics approval was received from the Research Ethics
Board at Women's College Hospital under the Ethics
Assessment Processfor Quality Improvement Projects (approval
#: 2019-0191-E).

Study Setting

This study took place a& Women's College Hospital, an
academic ambulatory hospital located in Toronto, Ontario.
Toronto is an urban city center with a diverse population of
approximately 6 million people [30]. Residents of Toronto are
eligibleto receive provincially and publicly funded health care
[31]. The study was conducted as part of Women'’s Virtual, a
hospital-wide strategy to implement and enable widespread
adoption of virtual and digital health technologies. In December
2019, the strategy was piloted in the mental health department.
Video visitswere delivered by mental health providersthrough
Zoom videoconferencing technol ogy [32] through the electronic
medical record EPIC patient portal, MyHealthRecord [33].
Self-registration by patients on MyHealthRecord was required
to use and launch video visits with providers. The pilot itself
was planned and supported by a team of stakeholders from
across the hospital (eg., the information technology [IT], legal,
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and privacy staff teams), as well as within the mental health
department itself including clinic managers and physician leads.
Following March 2020, billing codes for phone, in addition to
existing billing codes for video visits, were also available for
physician providers.

Recruitment and Data Collection

Data collection began a ongside the implementation of thevideo
visit pilot in December 2019. A purposeful sampling approach
was used to email invitationsto all providersinthe mental health
department to a focus group to discuss their experiences with
video visits within the pilot project and identify opportunities
for improvement. Two in-person focus groups were held in
January 2020 (pre-COV1D-19 pandemic), and provider consent
was collected.

Following the COVID-19 pandemic and associated lockdown
measures in March 2020, 2 additional focus groups were held
with providers in June 2020 after widespread uptake of virtual
care that included both phone and video visits across the
organization. All providers in the mental health department
were purposefully recruited via email with the assistance of a
clinical champion in the department. After obtaining consent,
focus group participants were arranged into 2 groups, 1 with
only physician participants and the other with nonphysician
mental health providers (such as socia workers and
psychotherapists), to enable tailoring of questions based on
professional roles. Additional interviews were conducted with
administrative staff in the mental health clinic and with staff
responsible for overal virtual care implementation at the
hospital. These individuals were recruited through purposeful
and snowball sampling. All collected qualitative data were
audio-recorded and transcribed.

Alongside focus groups and interviews, a provider experience
survey was launched in May 2020 (during the COVID-19
pandemic) at the organizational level to collect data on
experiences with virtual care in a scaled context, including
viewpoints of providersin the mental health department. The
survey included closed and open-ended questions. Aggregate
utilization data on the number virtual phone, video, and
in-person visits from December 2019 (3 months prior to
COVID-19 lockdown measures) to June 2020 (3 months
post-COV1D-19 lockdown measures) was al so collected for the
mental health department, as well as the overall hospital.
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Data Analysis

General descriptive analysis was conducted on aggregate
utilization data to understand virtual care utilization trends 3
months prior to and 3 months following the implementation of
COVID-19 lockdown measures in March 2020. Similarly,
guantitative data collected from surveys were analyzed using
Stata SE Version 15 [34]. Data collected from open-ended
guestions on surveys, focus groups, and interviews were
analyzed using a qualitative descriptive approach [35,36] to
identify common themes within the data. Two coders (SB, JF)
independently coded all survey data, and focus group and
interview transcripts in NVivo [37] (qualitative data analysis
software) and met to discuss codes and discrepancies. A
codebook was inductively established through discussion and
refined through deductive referencing of the nonadoption,
abandonment, and challenges to scale-up, spread, and
sustainability (NASSS) framework [38] and the Institute of
Medicine's 6 domains of health care quality framework [39].
Through the codebook, prominent and recurring themes,
subthemes. and relationships were identified, discussed, and
refined by SB, JF, PA, and GM. Themes and subthemes were
also used to explain trends observed in utilization and survey
data

Results

Adoption of Video and Phone Visits

Adoption of both phone and video visitsrapidly increased during
theweek of March 9, 2020 to March 15, 2020, which coincides
with the announcement of COV1D-19 lockdown measures and
availability of new provincia physician billing codes for both
modalities (Figure 1). Prior to these dates, utilization of phone
and video visitsin the mental health department during the pilot
phase (December to March) had remained low in comparison
to in-person visits; physician renumeration was only available
for video visits. Following the week of April 6, 2020 to April
12, 2020, phone visits began to outpace in-person visits, and
the previous trend reversed. For video visits, thistrend reversal
for in-person versus video visits occurred during the week of
May 25, 2020 to May 31, 2020. Total mental health visits
showed adecreasing trend overall during thistime period, likely
an artefact of public health lockdown measuresin effect during
the same time period.
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Figurel. Utilization of virtual and in-person visitsin the mental health (MH) department and at Women's College Hospital (WCH) between December

2019 and June 2020.
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A totad of 7 menta health providers participated in the
pre-COVID focus groups, and a total of 14 providers
participated in the focus groups held during COVID-19 (out of
atotal of 44 menta health providers in the department, not
including fellows, residents, and students). Providers consisted
of physicians, nurses, and socia workers (also psychotherapists).
A tota of 3 administrative and implementation staff was
interviewed. Of a total 34 providers from the mental health
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Weeks
department, 30  providers  (including  physicians,

psychotherapists, social workers) completed the provider
experience survey (responserate of 88%). Table 1 providesthe
baseline characteristics of the provider respondents. Key themes
from qualitative dataand survey data describing the experiences
of providers and administrative and implementation staff are
subsequently presented.
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Table 1. Baseline characteristics of the total sample for the survey (n=30).

Budhwani et al

Characteristic n (%)

Provider type
Nurse 1(3)
Occupational therapist 1(3)
Physician 16 (53)
Psychologist 1(3)
Psychotherapist 6 (20)
Social service worker 1(3)
Social worker 4(13)

Yearsin practice
1-2 5(17)
35 3(10)
6-7 5(17)
8-9 3(10)
=10 13 (43)
Missing 1(3)

Persistent Challengesfor Virtual Care Use

Interview participants provided significant insights on factors
influencing their adoption and use of phone and video visits
during the pilot prepandemic and at scal e during the pandemic
(see Multimedia Appendix 1 for illustrative quotes). Key
challenges to delivering virtual care are described in the
following sections.

Operational Level: Changesin Workflows and
Scheduling to Adapt to Virtual Care Delivery

Significant changes were made to adapt existing workflows to
deliver care virtually. During the pilot, providers described
challenges with scheduling video appointments in comparison
to in-person appointments and | ag times between requested and
booked appointments. During COVID-19 when virtual carewas
adopted at scale, additional challenges were raised by
administrative staff with respect to virtually checking-in patients
whereit was difficult to communi cate when appointments were
running | ate, thereby leading to patients waiting and wondering
why the appointment had not started. Booking and checking in
patients remained a persistent challenge during the pilot and at
scale. Observations were also made about the increasing
administrative burden with the volume of requests for
appointments that were being received through the
MyHealthRecord portal in comparison to prior to the onset of
the COVID-19 pandemic.

Operational Leve: Initial Setup, Troubleshooting, and
Other Technology-Related Challengesin Delivering
Care Virtually

Overall, 83% (25/30) of al provider survey respondents agreed
or strongly agreed that the technology they used to conduct
video visits was easy to use. Nevertheless, a few technical
challenges were described by focus group and interview
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participants. One of the foremost challenges was theinitial set
up and MyHealthRecord registration for patients to be able to
conduct video visits. Patients required education and support,
especially those who had older devices or low technical literacy.
This was mentioned both during the pilot phase and following
scaled use during the pandemic. Other technology-related
challenges were also described, including challenges during the
pilot with audio, video freezing, and connectivity, which
impacted the therapeutic quality of video sessions. To help with
this issue, significant hospital staff were redeployed during
COVID-19 to provide setup and troubleshooting support to
patients. Once patientswere registered on the platform and able
to navigate the technology, less support was required. During
the COVID-19 pandemic, rapid and scaled uptake of video visits
and providers connecting to the hospital from home caused
bandwidth issues, resulting in poor connectivity and lag during
conducted video visits. For thisreason, some providers switched
to phone visits for their appointments until these issues were
resolved. Phone calls continued to be an important modality to
deliver care during the pandemic, as abackup when video visits
were not functioning correctly, and when patientslacked access
to video visit technology.

Behavioral Level: Increased Effort Required by
Providersto Deliver Care During Transition to Virtual
Care

Data from the provider survey indicated that 67% (20/30)
strongly agreed or agreed that they spent the same amount of
time on video visits asin-person visits during the pandemic. In
contrast, only 30% (9/30) of respondents indicated that the
amount of effort spent was the same as in-person visits, 43%
(13/30) of respondents disagreed or strongly disagreed, and
20% (6/30) were neutral that the amount of effort spent wasthe
same. Focus groups conducted during the pilot and during the
pandemic revealed increased effort required for technology
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set-up and troubleshooting within video visits for themselves
and patients. Providers also indicated increased administrative
tasks required to conduct care virtually (eg. electronically
delivering educational resources, prescriptions, and blood work
requisitions to patients), which were easier to do when seeing
a patient in-person. Additional effort was also required to ask
for certain information (eg. vitals, weight) and help patients
prepare for the appointments (eg. by inquiring if they had a
private space to conduct the visit and remind them that they
could not record sessions) not usually necessary during in-person
visits. Lastly, providers described feelings of “Zoom fatigue”
and burn out and mentioned that video visits required more
concentration, energy, and adaptations to interpret visual cues
in comparison to in-person visits.

Consistent Facilitators of Virtual Care Use

Key facilitators of video visit adoption and use were also
described. These are included in the following sections.

Operational Level: Early Targeted Pilot Prepared the
Department for Virtual Care Delivery During the
Pandemic

The preparation work that had occurred during the pre-existing
pilot that was implemented 3 months prior to the pandemic was
perceived to contribute to the rapid uptake of video visits in
mental health during the COVID-19 pandemic. This included
a high-touch, in-person training approach and elbow support
offered to providers during the initial pilot of video visits.
Similar training was also offered to patients for registration,
onboarding, and troubleshooting. Since there had been
significant operational planning, training, and testing in the pilot
with the support of astrong clinical champion, interviewed staff
felt that the department was well prepared and operationally
ready to rapidly transition in-person appointmentsto video and
phone at the onset of the pandemic. Additionally, 77% (23/30)
of provider survey respondents strongly agreed or agreed that
they had adequate training and resources to learn how to use
video visits, and 73% (22/30) strongly agreed or agreed that
they would have appropriate support if an issue were to arise
with avideo visit.

Cultural Level: Provider and Staff Acceptance and
Benefits of Delivering Virtual Care

Provider survey respondents indicated that, on a scale of 1 to
10 (with 1 being not at all likely and 10 being extremely likely),
they would recommend use of video visits to other providers
at an average rating of 7.9 (SD 1.5; net promoter score, which
determines how likely respondents are to recommend service
to others, was 23.3 [40]) and phone visits at a similar average
of 7.9 (SD 1.7; net promoter score of 26.7). This shows
widespread acceptability among mental health providers of the
use of both phone and video visits to deliver care during the
pandemic. Data from focus groups and interviews suggested
that this acceptability may have stemmed from the various
perceived benefits of virtua visits for different stakeholder
groups. For patients, provider and staff participants suggested
the benefits included continuity of care during COVID-19
lockdown measures, improved access to care (such asfor those
with young children or living in distant locations), and improved

https://formative.jmir.org/2021/9/€30280

Budhwani et al

convenience through time saved by avoiding the need to travel,
take time off work, or arrange childcare both during the pilot
and at scale. For providers and the organization, perceived
benefits suggested during the pandemic included fewer providers
working in the office, leading to freed up resources, such as
clinic space, and the ability to hire more providers as a resullt.
Lastly, several participants mentioned that there were fewer
appointment cancellations during the pandemic due to patients
having the added option and convenience of being able to
receive care virtually.

System or Policy Level: Availability of Virtual Care
Billing Codes for Physician Providers

Physician providers expressed the value-add of having billing
codes and available financial compensation for the delivery of
video and phone visits, as phone visit billing codes were
unavailable to providers prior to the COVID-19 pandemic.
Video and phone visits were thought to be effective, and phone
visitswere particularly deemed valuableto deliver certain types
of visits, such as follow-up assessments, more efficiently, as
well as being used as abackup modality when video technology
had issues during visits or when video visit technol ogy was not
accessible or feasible for use by patients. Having billing codes
for both video and phone visits enabled providers to use these
modalities flexibly in the delivery of care that enabled better
tailoring to patient needs.

Per ceptions on Impact on Quality Care

Overall, 43% (13/30) of the mental health providers who
completed the survey strongly agreed or agreed that they felt
they could deliver the same quality of care using video visits
as in person, and 43% (13/30) strongly agreed or agreed the
samefor phonevisits. Mental health providersfurther described
their perceptions of the impact virtua care had on quality of
care both during the pilot and during the pandemic, which is
described in the subsequent sections under the Institute of
Medicine domains of quality care [39].

Perceptions on Providing Appropriate and
Patient-Centered Care

Mental health providers had a wide range of perspectives on
the choice of appropriate virtual care modality (phone or video)
for different types of visits (initia or follow-up visits) that
emerged during COVID-19 where both phone and video visit
modalitieswere being utilized. In most cases, providersfelt that
quality of care during phone and video visits was inferior to
that of in-person care. While providers felt phone and video
visits were appropriate to maintain care during the pandemic,
many preferred in-person care. Choice of virtual care modality
was primarily driven by patient-centered decision making, based
on patient preferences, availability and accessibility of
technology, and clinical appropriateness. For example, providers
described the suitability of providing virtual care to patients
who had difficulty leaving their homes but shared that attending
i n-person appoi ntments may have hel ped these patientsclinicaly
and did not know what the long-term clinical impact of not
leaving home for these patients might be.
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Perceptions on the Effectiveness of Virtual Care

Virtual care was considered to be sufficient, but not excellent,
quality of care in comparison to in-person care both during the
pilot and during the pandemic. It was considered necessary
given the pandemic context, but also valuablefor certain patients
and circumstances (eg. patients who would have had to travel
long distances to visit the hospital or patients who have
comorbidities that affect their mobility and ability to attend
in-person appointments). Many providersfelt that aconnection
with the patient was harder to build virtually, especially for new
patients, which had a direct impact on the therapeutic
relationship. Additionally, providers suggested that conducting
visits virtually did not allow them to conduct assessment of
certain visual cues that would begin in the waiting room, such
as patients' body language, mannerisms, and anxiety levels.
Thiswas expressed more in the context of phonevisits, but also
for video visits, thereby bringing up provider concerns related
to care quality. With scaled use, providers adapted how they
delivered care through phone or video to promote effectiveness.
For example, video visits provided the added advantage of
assessing home environments and interaction with family
members, while more follow-up questions were used over the
phoneto understand silences. Overdl, only 27% (8/30) of mental
health provider survey respondents strongly agreed or agreed
that the quality virtually was similar to an in-person exam, while
80% (24/30) strongly agreed or agreed that their last video visit
enabled them to sufficiently address the patient’s clinical need.

Perceptions on Equitable Accessto Virtual Care

Many providers expressed concerns regarding the accessibility
of virtual care for certain patients both during the pilot and
during scaled use in the pandemic. Patients’ inability to access
technology or an internet connection or patients having the
digital literacy to conduct virtual visits were highlighted.
Moreover, patients with specific characteristics (ie, past trauma
history, older age, not speaking English as a first language)
were described as having more difficulties accessing and
navigating the video visit technology and registration processes.
In addition, some providersreported that patients had challenges
accessing a private space where they could feel comfortable
openly discussing their mental health concerns. Hospital staff
described potential future strategies to ensure equitable access
to virtual care, such as by offering devices or having private
spaces with internet connection being made available at the
hospital.

Discussion

Principal Findings

This evaluation provides insights into provider and staff
experiences with mental health virtual care delivery within a
pilot phase prepandemic and in a more scaled phase of
implementation during COVID-19. Utilization data
demonstrated the slower uptake of virtual visits in the mental
health department prior to COVID-19 lockdown measures in
Ontario (pre-March 2020) and increased uptake of phone and
video visitsduring COV ID-19 | ockdown measures (post-March
2020). Mental health providers and clinic staff highlighted
persistent barriersto use at the operationa and behavioral levels
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including required changesin workflows and scheduling, initial
set-up, troubleshooting and other technol ogy-related challenges,
and increased provider effort. Facilitators at the operational,
cultural, and system/policy levelsincluded having pre-existing
infrastructure and IT support to enable widespread uptake,
physician billing codes, and provider and staff acceptance of
virtual care. Much of the described provider experiencesfocused
on perceived impact on quality of mental health care delivery,
including perceptions on providing appropriate and
patient-centered care, perceptions on virtual care effectiveness,
and equitable access to care for patients.

Resultsfrom thisevaluation provide insights on alignment with
the Quadruple Aim objectives, specifically on access to health
care servicesand provider experiences. Results provideinsights
on provider experiences, particularly persistent barriersthat can
be improved to enhance use of virtual care when it is the best
modality for the patient and as acomplement to in-person care.
For example, while 84% of all provider survey respondents
agreed or strongly agreed that the technology they used to
conduct video visits was easy to use, this contrasted with
providers shared perspectivesthat they had ongoing challenges
with technology, adapting virtual care into their clinical
workflows, and the overall effort required. This might be
because the technol ogy itself was not difficult to use, but rather
its integration within established clinica workflows was
contingent on other individual, organizational, and policy-level
factors to enable optimal efficiency [41,42]. Collective
consideration of thetool (technology), the team (providers and
clinical staff), and the routine (clinical workflows) may enhance
positive experiences [43]. Moreover, staff suggested that the
pilot initiative in the mental health department prior to
COVID-19 primed providersfor scaled use during the pandemic.
This may be due to the considerable support provided for
implementation, training, and workflow adaptation to providers
and clinic staff during the pilot. This support may have
ultimately shortened the learning curve and increased virtual
care skill development for providers, thereby reducing provider
discomfort and inexperience as a barrier to use [26]. However,
despite these supports and extended periods of use, persistent
challenges remained when virtual care was scaed, likely
attributable to the initial transition to virtual care.

Strengthsand Limitations of the Study

The strengths of this study are two-fold. First, we examined the
experiences of mental health providers who had already been
delivering care virtually prior to the onset of the pandemic, as
well asduring scaled hospital use of virtual care. Thisprovided
an opportunity to understand the experiences and perceptions
of agroup of providerswho had extended training and exposure
to virtual care delivery, enabling us to understand consistent
facilitators and persistent challenges that remained despite an
organizational approach to removing known barriers. Second,
we used multiple methods to examine provider experiences and
use of virtual care, including focus groups, surveys, and
aggregate utilization data. We aso collected data from
implementation and administrative staff to gather overall
perspectives on virtual care implementation and adoption.
Lastly, this study provides insights into provider and staff
experiences within a pilot and larger scale adoption of virtual

JMIR Form Res 2021 | vol. 5 | iss. 9 |€30280 | p.206
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

care in mental health, providing initial evidence on barriers,
facilitators, and provider and staff experiences with scaled use,
filling a gap in the literature where reporting on evidence in
pilots is the norm [41]. Limitations in our study lie in having
dightly different evaluation objectives in the pilot phase in
comparison to more full-scal ed implementation due to changes
in scaleand scope asadirect result of the unexpected COVID-19
pandemic. This reduced our capacity to compare and contrast
provider experiencesdirectly, though it provided an opportunity
to describe provider experiences when virtual care was being
used for a longer period of time. In addition, to avoid ethical
concernsrelated to patient privacy, we did not include questions
that could lead to discussion of personal health information such
as specific patient diagnosis, and as such, this information was
not collected and explored in this eval uation. Future studies can
explore barriers and facilitators that could be dependent on
specific patient diagnoses. Moreover, we were unable to
incorporate patient perspectives in this evaluation due to
feasibility constraints but will be gathering thisin future phases
of the evaluation. While this evaluation presents results and
provider and staff experiences 3 months after the announcement
of thefirst COVID-19 lockdown, we expect that utilization and
experiences may be different in the present time, 1 year after
theinitial COVID-19 lockdown. Thismight be dueto continued
use of virtua care and ongoing provider learning on how to
deliver care by phone and video, as well as continuous
improvementsin workflows and technol ogy processesto reduce
experienced challenges.

Comparison With Prior Work

An ongoing concern among providers in this evaluation was
the ability to establish therapeutic relationships during phone
and video visits and impact on the quality of care, which
contrasts with some studies establishing the effectiveness of
mental health delivery through virtual care [44-47]. However,
other studies examining provider experiences with delivering
mental health care virtually have reported similar findings
including the inability to fully assess nonverba cues and
potential for compromised patient privacy [23]. These
constraints may hinder the therapeutic quality of virtual visits
resulting in apreference to return to in-person care when it was
safe to do so [23]. Some studies have also identified clinician
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concerns on building therapeutic relationships and challenges
with technical issues[18,25,27,28,44]. Studies have suggested
that the devel opment of a specific skill set (“webside manner”
[48]) may be essential to delivering care virtually, requiring
provider knowledge, adaptation, practice, and eventual comfort
and confidence before the use of virtual care can scale[26,48].
This caninclude increasing provider knowledge on virtual care
effectiveness and providing safe environments for providersto
establish competence and confidence in delivering virtual care
[18]. Provision of high levels of support and training during the
initial learning phase may additionally hel p to shorten providers
learning curve, alongside guidelines on how best to triage
between virtual care and in-person care modalities. We
anticipate that with these supports, a hybrid model of
patient-centered and appropriate care will emergein the future,
with options for in-person, video, and phone visits being used
to meet patient and clinical needs as required [45,48].

Conclusions

In conclusion, thisevaluation providesinsights on provider and
staff experiences with virtual care use prior to and during the
COVID-19 pandemic, highlighting persistent barriers, consistent
facilitators, and perceived impact to quality caredelivery within
mental health. We have elucidated challenges to virtual care
adoption in other contexts such as changes in workflows,
provider adaptations on how care was delivered,
technology-related issues, and provider perceptions of quality
of care. Thiswork is being used locally as a basis to develop
strategies to overcome these challenges and will likely be of
use in other contexts. Initiatives underway locally include
support provided for virtual careimplementation, training, skill,
knowledge and literacy devel opment, and workflow adaptation.
Future research can continue to explore the effectiveness of
mental health virtual care delivery and explore strategies that
can enhance quality care delivery including gaining an
understanding of patient perspectivesto complement thiswork.
Future work of this group will focus on the therapeutic
relationship and equity considerationsin the use of virtual care
that would be beneficial, especially incorporating patient and
family caregiver perspectivesto further understand facilitators,
challenges, and perceived and actual impact on the quality of
virtual care.
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Abstract

Background: Digital solutions, such asweb-based and mobile interventions, have the potential to streamline pathwaysto mental
health services and improve access to mental health care. Although a growing number of randomized trials have established the
efficacy of digital interventions for common mental health problems, less is known about the real-world impact of these tools.
AbleTo Digital+, acommercially available mental health app for depression and anxiety, offers aunique opportunity to understand
the clinical impact of such tools delivered in areal-world context.

Objective: The primary aim of this study is to examine the magnitude of change in depression and anxiety symptoms among
individuals who used AbleTo Digital+ programs. The secondary aim is to evaluate Digital+ module completion, including the
use of 1:1 coaching.

Methods: In this retrospective cohort study, we analyzed previously collected and permanently deidentified data from a
consecutive cohort of 1896 adults who initiated using one of the three Digital+ eight-modul e programs (depression, generalized
anxiety, or social anxiety) between January 1 and June 30, 2020. Depression, generalized anxiety, and social anxiety symptoms
were assessed within each program using the Patient Health Questionnaire-9, the Generalized Anxiety Disorder-7, and the Social
Phobia I nventory, respectively. Linear mixed effects models were built to assess the association between module completion and
symptom change among users who compl eted at | east four modules and had at |east mild baseline symptom elevations, controlling
for age, gender, and baseline symptom severity. Digital+ use, including module completion, 1:1 coaching calls, and in-app coach
messaging, was also evaluated.

Results: Significant effects were observed among depression (Cohen d=1.5), generalized anxiety (Cohen d=1.2), and social
anxiety (Cohen d=1.0) program participants who completed at least four modules and had mild baseline elevations (n=470).
Associations between module completion and change in depression (f=-1.2; P<.001), generalized anxiety (3=—1.1; P<.001),
and social anxiety (=—2.4; P<.001) symptom scores retained significance with covariate adjustment. Participants completed an
average of 2.6 (SD 2.7) modules. The average total length of app use was 52.2 (SD 83.5) days. Approximately two-thirds of the
users engaged in at least 1 coaching call (66.82%, 1267/1896) or in-app text messaging (66.09%, 1253/1896). Participants who
completed at least four modules participated in significantly more coaching calls per module (mean 1.1, SD 0.7) than users who
completed fewer than four modules (mean 1.0, SD 1.2; t149,=—2.1; P=.03).

Conclusions: This study demonstrated that AbleTo Digital+ users experienced significant reductionsin depression, generalized
anxiety, and socia anxiety symptoms throughout the program.

(JMIR Form Res 2021;5(9):e27570) doi:10.2196/27570
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digital mental health; mHealth; iCBT; coaching; depression; generalized anxiety; social anxiety; mobile phone
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Introduction

Background

Effective mental health interventions exist for depression and
anxiety [1,2], yet more than 50% of people in need of these
services do not receive them [3]. A number of systemic- and
individual-level barriers lead to these service gaps, including
mental health workforce shortages, stigma, and financia barriers
[4,5]. In addition, even when individuals are able to access
traditional face-to-face services, thelag between symptom onset
and treatment initiation is, on average, 11 years [6,7]. As the
rates of anxiety and depression continueto increase [ 8], hastened
in part by the current COVID-19 pandemic [9,10], access gaps
are likely to worsen in an aready strained, fragmented, and
underresourced mental health care system [11]. These gapsin
service have large societal, familial, and individua costs [12].
For example, in the United States, the estimated annual
economic burden of depression aloneisUS$210 billion [13,14].

Digital solutions, including web-based and mobile behavioral
health care interventions, have great potentia to streamline
pathwaysto mental health servicesand improve accessto quality
mental health care[15]. Stand-alone and adjunctive digital tools
can provide timely mental health support that fits individuals
daily livesfrom the comfort of their own homes. Assuch, these
interventions have the potential to mitigate some of the most
common barriersto mental health care, including transportation,
time constraints, and stigma. In addition, digital interventions
offer a cost-effective and scalable aternative to traditional
treatment modalities.

A growing body of research supports the efficacy of digital
interventions (ie, mobile interventions and web-based
interventions), particularly for common mental health problems
such as depression and anxiety [15-19]. Indeed, between 2009
and 2015, the National Institute of Mental Health awarded 404
grants to technol ogy-enabled interventions, and more than 100
randomized trial s have been conducted [20]. However, questions
remain about the effectiveness of these tools, particularly in
real-world settings [21], and their reach is often limited. Few
mental health apps devel oped in the context of university-based
research are being widely used, limiting their potential [22,23].

On the other hand, more than 10,000 commercially devel oped
mobile apps focused on mental health are now widely available
and easily accessible [24]. However, the vast mgjority of these
tools lack rigorous testing or evaluation. A systematic review
suggeststhat asfew as 3% of the commercially available mobile
mental health apps have any peer-reviewed evidence [25], and
the apps most commonly downloaded and used contain minimal
evidence-based content [23]. For example, Wasil et a [23]
examined the proportion of evidence-based content based on
monthly use data of common apps. They found that common
treatment elements, such as exposure, reached only 2% of users.
As a result, numerous efforts have been made to evaluate
commercialy available apps and create app repositories with
standard reporting, and at least 45 frameworks have been
devel oped to assist consumersin identifying the most effective
and appropriate apps [24-26]. However, these efforts have fallen
short. To date, personal searches on commercial app stores
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remain the most common method for finding mental health apps
[27], and consumers are looking for new approaches to find
these tools [28].

Partnering with health plans and employersto help disseminate
these tools has the potentia to help guide consumers to
evidence-based appsthat have the greatest potential for impact.
There have been calls for health plans to incorporate digital
solutions into their behavioral health resources and help their
members navigate and discover apps that best meet their needs
[29]. Thisapproach may improve behavioral health care use by
directing usersto additional mental health services. In addition,
employers are uniquely situated to link their employees to
behavioral health resources. Adults in the United States spend
most of their time at work, and mental health problems are often
costly to employers because of lost workdays and decreased
productivity. Preliminary research suggests a US $2-$4 return
on investment for every dollar that employers spend on mental
health resources[30]. However, littleisknown about the effects
of these approaches.

Objectives

There is a need to better understand the impact of digital
interventions disseminated to real-world users in these new
ways. AbleTo's Digita+ program (AbleTo Digital+ has
previously been reported on as Joyable [31]. Joyable, Inc, was
acquired by AbleTo, Inc, in March 2019) provides a unique
opportunity to understand the impact of such tools. Digital+ is
aweb- and mobile-based platform with personalized coaching
for anxiety and depression made available to users through
health plans and employer partners. Users are directed to one
of three different programs based on their symptom presentation
and goals. All Digital+ programs are based on cognitive
behavioral principles and include psychoeducation, brief
activities (<10 minute), weekly symptom tracking, and 1:1
coaching via phone and in-app messaging. Programs include
(1) depression, an eight-modul e program focused on behavioral
activation; (2) generalized anxiety, an eight-module program
focused on worry exposures and distresstolerance; and (3) social
anxiety, an elght-modul e program focused on exposureto feared
social situations[31]. A critical next step isto better understand
theimpact of thistool on real-world users. The primary objective
of this study is to examine the magnitude of changes in
depression and anxiety symptoms among individual swho used
the Digital+ programs. The secondary aimisto evaluate Digital +
use across the eight modules of each program and the use of
1:1 coaching.

Methods

Participants

In this retrospective cohort study, we analyzed previously
collected and permanently deidentified datafrom a consecutive
cohort of 1896 adults enrolled in an AbleTo Digital+ program
between January 1 and June 30, 2020. Participants were aged
>18 yearsand were required to have accessto their own devices.
Participants were excluded if they reported active suicidal
ideation or psychosis. All study procedures were submitted to
the Sterling institutional review board, Atlanta, Georgia, United
States, and deemed exempt.
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Procedure

AbleTo, a technology-enabled virtual behavioral health care
organi zation, partnerswith employers and health plansto make
Digital+ accessible to employees and covered membersin their
networks. Employees and covered members are made aware of
Digital+ through marketing campaigns and employer
communications that explain the potential benefits of engaging
in evidence-based, time-bound digital programs. A variety of
engagement strategies were used to make individuals aware of
the program and facilitate enrolIment. These methodsincluded
divulging information about Digital+ on an employer’s benefits
webpage, via posters, flyers, and table tents in office settings,
and through email and text campaigns. Interested participants
were then directed to access Digital+ via the web or a mobile
app to complete a brief survey (approximately 2 minutes) to
determine program appropriateness and create an account.

Description and Structure of the Program

During enrollment, users completed a series of questions
designed to assess their appropriateness for Digital+ and
generateinitial program recommendations. Screening questions
to assess participant goals and primary presenting problems
were used to determine which of Digital+' sthree programs—(1)
depression, (2) generalized anxiety, or (3) socia anxiety—would
best fit the users’ needs. Users had the opportunity to review
the recommendation and select a different program if they felt
that it was not the correct fit. Users then completed one of three
standard assessments to establish baseline symptom severity
and screening questions about suicidality and psychosisdesigned
to assess safety and risk. Users were also asked to report any
current or prior history of common, high-risk, comorbid
psychiatric challenges (ie, substance use, eating disorders,
bipolar disorder, and posttraumatic stress disorder) to further
evaluate the clinical complexity.

https://formative.jmir.org/2021/9/e27570
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Those deemed inappropriate for Digital+ (eg, active suicidal
ideation and psychosis) were routed to various resources
depending on their employer or health plan. These resources
included, but were not limited to, the National Suicide Hotline,
aDigital+ in-network provider matching service, or linkage to
their health plan to assist in connecting individual swith ahigher
level of care. In addition, for some partners, individuals were
offered the opportunity to enroll in a purely self-guided,
five-module skills-based program if they did not wish to engage
with a coach or in any of the primary Digital+ programs.
Individuals who endorsed active suicidal ideation or psychosis
and thosein the five-modul e skills-based program were excluded
from thisanalysis.

Digital+ programs included eight content modules, a 1:1
coaching option, and mood and symptom assessment. All
psychoeducational materials and activities were based on core
components of cognitive behavioral therapy (CBT), including
cognitive restructuring, gradual exposure, and behavioral
activation. Each module consisted of 4 to 6, approximately
10-minute activities, including deep breathing, progressive
muscle relaxation, cognitive restructuring, and behavioral
activation. The activities were organized to help users learn
about CBT, depression, or anxiety; develop skills to challenge
maladaptive thoughts; and practice newly acquired skills in
real-life settings. Each module was designed to be completed
within approximately 1 week, but users were not required to
complete them in that amount of time. New activities become
available once the previous activity is completed. Once the
content was made available to users, they were able to revisit
previous modules and activities and complete them as many
times as desired. At the end of each module, users completed
a standard assessment (refer to the Measures section for more
information) before proceeding to a new module. Users were
presented with feedback on their scores, and these scores were
accessibleto their coaches (see Table 1 for adescription of the
content of each program).
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Table 1. Description of AbleTo Digital+ programs.
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Module Programs
Depression Generalized anxiety Socia anxiety
Number of  Content Number of ~ Content Number of  Content
Activities Activities Activities

1 6 o  Psychoeducation about 6 o  Psychoeducation about 4 «  Psychoeducation about

depression stress and anxiety social anxiety

« Introduction to distress « Introduction to distress o Introduction to distress
tolerance skills (eg, deep tolerance skills (eg, deep tolerance (eg, deep
breathing) breathing) breathing)

2 4 e Introductionto behav- 5 « Introductionto automat- 4 «  Introduction to automat-
ioral activation and ic thoughtsand cognitive ic thoughtsand cognitive
planning for first activity distortions distortions

3 4 o Introductionto automat- 4 o  Psychoeducation about 5 «  Psychoeducation about
ic thoughts and cognitive avoidance and exposure avoidance and exposure
distortions «  Completion and review o  Completion and review

of first exposure activity of first exposure activity

4 3 « Introductiontovaluess 5 «  Practicing cognitive 4 o  Creating afear hierarchy
based behavioral activa- skills, planning, and and planning and com-
tion, planning and com- completing aworry- pleting an exposure activ-
pletion of an activation based exposure ity
exercise

5 4 « Planand complete an 5 « Planand complete an 4 « Pick anew exposure
additional values-based additional exposure and from the fear hierarchy,
activation mindful ness activity plan, and complete the

exposure.

6 4 « Planand complete an 5 « Plan and complete an 4 « Pick anew exposure
additional values-based additiona worry-based from the fear hierarchy,
activation exposure plan, and complete the

exposure

7 4 « Planand complete an 5 « Plan and complete an 4 « Pick anew exposure
additional values-based additional exposure and from the fear hierarchy,
activation mindful ness activity plan, and complete the

exposure

8 6 « Planand complete an 5 o Planand completefind 4 «  Plan and complete fina
additiond final activa exposure exposure
tion « Introduction to core be- « Introduction to core be-

« Introduction to core be- liefs and preparation for liefs and preparation for
liefs and preparation for maintaining gains maintaining gains
maintaining gains

. Coaches are trained in crisis intervention and use the question,
Coaching

All users were assigned a coach during program enrollment.
Coaches are nonlicensed professionalswith bachel or’s degrees
and relevant work experience, course work, or certification in
coaching. They receive intensive training in the principles of
behavior change, motivational interviewing, Digital+ program
content, and crisis intervention. Coaches are trained to focus
on motivation and engagement by using motivational
interviewing and validating the participants’ experiences with
depression or anxiety. They also help users understand how
program content and activities align with their individual goals,
reinforce activity completion and skill use, and provide
additional accountability through reminders and encouragement.

https://formative.jmir.org/2021/9/e27570

persuade, and refer method of crisisintervention. If auser needs
a higher level of care, coaches will refer to external resources
to better meet the user's needs. Coaches receive ongoing
supervision from a motivational interviewing certified trainer
and one-on-one supervision to monitor competence in program
knowledge and client service. A subset of coaching cals is
reviewed to assess adherence to motivational interviewing
protocols and monitor quality.

Users have the option to engage in coaching by scheduling an
initial kickoff call with their coach during program enrollment,
and awelcome messageis sent to all users. Kickoff callsare 30
minutes and are used to orient users to the program, establish
goals, and set expectations. If auser does not schedul e akickoff
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call during enrollment, coaches make three attempts to engage
users. After three attempts with no contact, the proactive reach
out from the coaches is suspended. Users, however, continue
to have access to coaches and can schedule calls or message
coaches throughout the program, regardiess of their initial
preference for coaching, and coaches respond within one
business day. Subsequent weekly 15-minute coaching calls are
available to users throughout the eight-module program and
focus on reviewing activities, clarifying goals, and encouraging
ongoing use. Users also have access to in-app text messaging.

M easures

Participant Characteristics

Consistent with the standard program experience, users provided
basic demographic information (ie, age and gender) and
indicated any current or recent serious behavioral health
concerns by selecting al that applied from a list of common
comorbid mental health problems, including substance use,
bipolar disorder, eating disorder, and posttraumatic stress
disorder.

Outcome Measures

Participants in the depression program completed the Patient
Health Questionnaire-9 (PHQ-9) [32] during enrollment and
after completion of each module. The PHQ-9 is a 9-item
self-report measure designed to evaluate the presence of
depressive symptoms during the past two weeks. Items arerated
on a scale ranging from O (not at all) to 3 (nearly every day).
Total scores range from 0 to 27, and cut-off scores for mild,
moderate, moderately severe, and severe depressive symptoms
are5, 10, 15, and 20, respectively.

Participants in the generalized anxiety program completed the
Generalized Anxiety Disorder-7 (GAD-7) scale [33] during
enrollment and after completion of each module. The GAD-7
isa7-item self-report measure of anxiety. Items are rated on a
scale ranging from O (not at all) to 3 (nearly every day). Total
scores range from 0 to 21, and the cut-off scores for mild,
moderate, and severe anxiety symptoms are 5, 10, and 15,
respectively.

Participantsin the social anxiety program completed the Social
Phaobia Inventory (SPIN) [34] during the enrollment and after
completion of each module. The SPIN is a 17-item self-report
guestionnaire that assesses social anxiety symptoms during the
past week. Items are rated on a scale ranging from O (not at all)
to 4 (extremely). Total scoresrangefrom 0to 68, and the cut-off
scores for mild, moderate, severe, and very severe are 20, 31,
41, and 51, respectively [35,36].

Digital+ Use

Patterns of Digital+ activity and module completion were
explored using passive data collected through adigital platform.
These data included whether the modules were started and/or

https://formative.jmir.org/2021/9/e27570

Anton et al

completed. Time spent using Digital+ was assessed by
examining the dates of thefirst and last activity use. In addition,
patterns of coaching use were evaluated using the number of
coaching calls completed per module and the number of
incoming messages per module.

Statistical Analysis

Baseline demographic and clinical characteristicswere reported
as frequencies and percentages for categorical variables and
means and SDs for continuous variables. Outcome measures
throughout time were reported as means and SDs. Baseline
characteristics were compared between those who completed
al eight modules and those who discontinued use before
completion using atwo-sample, two-tailed t test for continuous
variables and chi-square tests for categorical variables. Linear
mixed models with a random intercept and slope were
constructed using restricted maximum likelihood estimation
procedures to examine the association between module
completion and depression, anxiety, and social anxiety symptom
change throughout the Digital+ programs.

First, models were estimated separately for each outcome
measure, and the covariance structure that provided the best
model fit was identified. On the basis of model fit indices, the
best-fitting model was carried forward into the covariate models
to examine the associations between baseline participant
characteristics (ie, baseline symptom severity, age, and gender)
and changes in symptom severity throughout time. Participants
with at least mild symptom severity at baseline (ie, PHQ-9 =5,
GAD-7 =5, or SPIN =20) who completed at least four modules
were included in these analyses. Consistent with established
standards for internet-based interventions [37], users who had
completed four modules were included because they were
exposed to al primary program content at this point (ie,
psychoeducation, cognitive restructuring, and practice activities).
In addition, we examined within-subject effect sizes and the
association between modul e compl etion and symptom reduction
using linear mixed models among users who enrolled with at
least mild basdine symptom elevations, regardless of
intervention exposure (n=1694). Digital+ module completion,
completed coaching calls, and incoming and outgoing messages
were reported using frequencies and means. The association
between module completion and baseline scores was assessed
using unadjusted linear regression. Program retention or time
spent using Digital + was defined asthe number of days between
completing the first and last recorded activities. All analyses
were conducted using SAS 9.4.

Results

Participants

A total of 1896 participants were enrolled and initiated the use
of Digital+ between January 1, 2020, and June 30, 2020. The
baseline characteristics of the users are shown in Table 2.
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Table 2. Baseline sample characteristics (N=1896)2.

Variables Total (N=1896) Depression (n=560) Generalized anxiety (n=974) Social anxiety (n=362)
Age (years), mean (SD) 37.4(11.8) 37.1(12.2) 38.2(11.7) 35.9 (11.6)
Gender, n (%)
Female 1196 (63.1) 356 (63.6) 636 (65.4) 204 (56.4)
Male 470 (24.8) 147 (26.3) 231(23.7) 92 (25.4)
Nonbinary 14 (0.7) 7(1.3) 2(0.2) 5(1.4)
Not disclosed 215 (11.3) 50 (8.9) 104 (10.7) 61 (16.9)
Missing 1(0.1) 0(0) 1(0.2) 0(0)
Source, n (%)
Employer 1359 (71.7) 399 (71.3) 667 (68.5) 293 (80.9)
Health plan 537 (28.3) 161 (28.8) 307 (31.5) 69 (19.1)
Patient-reported psychiatric history? n (%)
Substance use 29 (1.5) 15 (2.7) 4(0.4) 10 (2.8)
Eating disorder 145 (7.6) 61 (10.9) 56 (5.8) 28(7.7)
Bipolar disorder 83 (4.4) 36 (6.4) 31(3.2) 16 (4.4)
Passive suicidal ideation 95 (5) 44 (7.9) 31(3.2) 20 (5.5)
Posttraumatic stress disorder 117 (6.2) 39(7) 57 (5.9) 21 (5.8)

8 ndividuals could endorse more than one psychiatric difficulty. In total, 17.51% (332/1896) of users reported at least one current or recent psychiatric

challenge.

Of those enrolled, 29.54% (560/1896) enrolled in the depression
program, 51.37% (974/1896) enrolled in the generalized anxiety
program, and 19.09% (362/1896) enrolled in the social anxiety
program. At baseline, 95.2% (533/560) of users met thecriteria
for at least mild depression on the PHQ-9 (ie, total score =5).
The criteria for at least mild anxiety on the GAD-7 scale (ie,
total score =5) were met by 90.3% (879/974) of usersin the
generalized anxiety program. The criterion for socia anxiety
(ie, total score >20) was met by 77.9% (282/362) of usersin
the social anxiety program.

Users were asked to select any current or recent psychiatric
concerns from alist of common comorbidities during program
enrollment. At least one current or recent psychiatric disorder
was endorsed by 17.51% (332/1896) of users. Users who
endorsed at least one recent or current psychiatric concern had
significantly higher baseline PHQ-9 (14.8 vs 11.8; P<.001),
GAD-7(14.2vs11.0; P<.001), and SPIN (35.7 vs 30.0; P=.002)
scores than users who did not endorse any recent or current
psychiatric concerns.

Clinical Outcomes

Descriptive stetisticsfor the outcome measures throughout time
are summarized in Table 3 for al the users.

https://formative.jmir.org/2021/9/e27570

Among userswho completed at |east half of the program content
and had mild baseline symptom elevations (n=470), there were
significant reductions in PHQ-9, GAD-7, and SPIN scores.
These reductions corresponded to large within-group effect
sizes across al three programs among those who completed at
least four modules. The effect sizesfor depression, generalized
anxiety, and social anxiety symptoms were 1.5, 1.2, and 1.5,
respectively. Similarly, the within-group effect sizes among
those participants who completed all eight modules were large
across all three programs. The effect sizes for depression,
generalized anxiety, and socia anxiety symptomswere 1.7, 1.7,
and 1.4, respectively.

Of those who completed at | east four modulesin the depression
program and had at least moderate depressive symptoms at
baseline (PHQ-9 210; mean 15.0, SD 3.6), 75.7% (87/115) of
participants met the criteriafor treatment response (PHQ-9 <10;
mean 6.6, SD 4.8). In addition, 73.9% (122/165) of participants
inthe generalized anxiety program who completed four modules
and had at least moderate symptoms (GAD-7 =10) at baseline
(mean 15.0, SD 3.1) met the criteriafor response (GAD-7 <10)
at their last assessment (mean 7.0, SD 4.6). For the social anxiety
program, among userswho completed at least four modules and
had SPIN scores of 20 and higher at baseline (mean 37.0, SD
11.0), 42% (3L/74) of participants achieved a response
(SPIN<20) by their last assessment (mean 24.9, SD 14.5).
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Table 3. Symptom severity by module completed (N=1896).

Anton et al

QOutcome Modulel Module2 Module3 Module4 Module5 Module6 Module7 Module8 Userswhocom- Userswhocom-
(N=1896) (n=976) (n=700) (n=525) (n=430) (n=343) (n=305) (n=267) pleted>4mod- pletedal 8
ules modules
Effect P Effect P
size va- size val-
(Cohen ue (Cohen ue
d) d)
Depression,n 560 (29.5) 273 230 181 157 (28) 135 119 102 N/AZ N/A  N/A N/A
(%) (48.8) (41.1) (32.4) (24.1) (21.3) (18.2)
PHO-O mean 125(56) 9.9(53) 84(49) 7.20(48) 63(49) 55(47) 50(50) 48(48) 15 <00l 1.7 <001
(SD)
PHQ-9>4,n 533(95.2) 231 177(77) 122 94(58.9) 64(47.4) 49(412) 33(323) N/A N/A  N/A N/A
(%) (84.6) (67.4)
PHQ-9>9,n 368(65.7) 130 77(335) 46(25.4) 29(185) 22(16.3) 18(151) 13(128) N/A N/A  N/A N/A
(%) (47.6)
Generalized 974 (51.4) 500 342 248 206 159 136 (14) 126 N/A N/A N/A N/A
anxiety, n (%) (51.3) (35.2) (25.5) (21.2) (16.3) (12.9)
GAD-7°, 11.4(52) 1013 814(42) 74(43) 687(43) 659(45 51(38) 47(36) 12 <001 1.7 <001
mean (SD) (4.9
GAD-7>4,n 879(90.3) 432 270(79) 180 141 101 76 (52.8) 61(48.4) N/A N/A  N/A N/A
(%) (86.4) (72.6) (68.5) (63.5)
GAD-7>9,n 589 (60.5) 262 116 67(27) 44(214) 32(201) 16(11.1) 13(10.3) N/A N/A  N/A N/A
(%) (52.4) (339
Socia anxiety, 362 (19.1) 203 128 96 (26.5) 67(185) 51(14.1) 40(11.1) 39(10.8) N/A N/A  N/A N/A
n (%) (56.1) (35.3)
SPINY mean  311(138) 312 26.1 24.8 215 18.9 16.7 14.7 1.0 <ol 1.7 <001
(SD) (13.9) (14.9) (14.3) (13.49) (11.8) (11.8) (11.6)
SPIN>19,n 282(77.9) 155 77(60.2) 58(60.4) 34(50.8) 22(431) 15(37.5) 11(282) NIA N/A  N/A N/A
(%) (76.4)

8N/A: not applicable.

bPHQ-9: Peatient Health Questionnaire-9.
CGAD-7: Generalized Anxiety Disorder-7.
dSpIN: Social Phobial nventory.

Model-implied estimates for PHQ-9, GAD-7, and SPIN scores
by program module are presented in Figure 1. In the linear
mixed model to evaluate associations between depression
program module completion and symptom reduction among
userswith at least mild baseline symptom severity (PHQ-9 =5)
and exposureto at least four modules (n=169), significant fixed

https://formative.jmir.org/2021/9/e27570

RenderX

effects of module completion (Fi97,=319.4; P<.001) and
baseline PHQ-9 scores (Fj16,=454.9; P<.001) but not age
(F1164=1.2; P=.19) or gender (F,15,=0.82; P=.44) were observed.
Therewas also significant variability around the mean intercept
(P=.001) and dope (P<.001) and significant residual variance
(P<.001).
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Figure 1. Estimated mean outcome scores by module for users who completed at least four modules. (A) depression program; (B) generaized anxiety
program; and (C) social anxiety program. GAD-7: Generalized Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9; SPIN: Social Phobia

Inventory.

(c)

Similarly, therewere significant fixed effects of anxiety program
module completion (Fy; »53=332.5; P<.001) and baseline GAD-7
scores (F195,=492.2; P<.001) but not age (F;5,=0.17; P=.68)
or gender (F,,,,=0.40; P=.67) on changesin symptom severity
throughout time among users who had at least mild baseline
generalized anxiety disorder symptoms (GAD-7 >5) and
completed at least four modules of content (n=227). There was
also significant variability around the mean intercept (P=.02)
and slope (P<.001) and significant residual variance (P<.001).

Inthelinear mixed effects model among social anxiety program
users with elevated baseline symptoms (SPIN >20) exposed to
four or more digital modules (n=74), there were significant
fixed effects of module completion (F;35=114.9; P<.001),
baseline SPIN scores (F15=326.3; P<.001), and age (F159=9.2;
P=.004), but not gender (Fye=1.3; P=.27). There was also
significant variability around the mean intercept (P=.02) and
dope (P<.001), and there remained significant residual variance
(P<.001).

To understand the impact of the intervention as delivered, we
examined primary outcomesamong all userswho enrolled with
at least mild baseline symptom elevations, regardless of
intervention exposure (n=1694). The within-person effect sizes

https://formative.jmir.org/2021/9/e27570

were 0.58, 0.50, and 0.44 for depression, generalized anxiety,
and social anxiety symptom scores, respectively. There was a
significant association between the number of modules
completed and symptom reduction on the PHQ-9 (P<.001),
GAD-7 (P<.001), and SPIN (P<.001) scores. Across all three
programs, higher baseline symptom severity was significantly
associated with dower symptom reduction (P<.001). There
were no significant relationships among age, gender, and
symptom reduction.

Digital+ Use

Of those who enrolled, 27.9% (529/1896) completed at |east
half of the program content (ie, four modules), and 13.08%
(248/1896) completed all eight modules in their respective
programs. Among users who completed all eight modules in
one program and those who did not, there were no significant
differences in mean age (38.5 vs 37.3 years; P=.13), gender
(26.21% female (313/1196) vs 24.59% (116/470) male; P=.14),
or mean baseline scores on the GAD-7 (12.1 vs 11.3; P=.14)
or SPIN (30.1vs 31.2; P=.66). However, there were significant
differences in basdine PHQ-9 scores (P=.01) between
individualswho completed all program content (mean 11.2, SD
5.1) and those who discontinued (mean 12.8, SD 5.7).

JMIR Form Res 2021 | vol. 5 | iss. 9 |€27570 | p.218
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Digital+ users completed 2.6 (SD 2.7) modules on average.
Participants in the depression program (mean 2.9, SD 3.0)
completed significantly (F,=4.2; P=.01) more modules than
those in the generalized (mean 2.5, SD 2.7) and social anxiety
(mean 2.5, SD 2.4) programs. On average, the length of time
from first to last activity was 52.2 (SD 83.5) days, and of the
1896 participants who initiated the use of Digital+, 45.09%
(855/1896) were retained at 30 days and 26.85% (509/1896)
were retained at 60 days.

Higher basdline depressive symptomatology was associated
with fewer modules completed (B=-.1; P=.02). However, higher
baseline generalized anxiety symptomatology was associated
with more modules completed (=.1; P=.01). Gender was also
significantly associated with the number of modul es completed
(F5=4.3; P=.01), withwomen completing 2.7 modules (SD 2.7)
and men compl eting 2.6 modules (SD 2.7) on average. However,
there was no significant relationship between the number of
modul es completed and baseline SPIN scores, age, or endorsing
at least one recent or current psychiatric concern.

Coaching

Overall, 66.82% (1267/1896) of participantsengaged in at least
one coaching call. On average, users scheduled 3.8 (SD 4.4)
cals and completed 3.1 (SD 4.2) calls throughout their
programs. Those who completed at least four modules (mean
1.1, SD 0.7) completed significantly more calls per modulethan
those who completed fewer than four modules (mean 1.0, SD
1.2; ty49;=—2.1; P=.03). In addition, users who completed at
least one coaching call (mean 3.4, SD 2.8) completed
significantly more modules than users who never engaged in
coaching calls (mean 1.0, SD 1.5; t;g¢,=—20.3; P<.001).

Therewasasignificant relationship between age and the number
of callscompleted, such that older participants completed more
calls than younger participants (f=.02; P=.01). In addition,
baseline depression (=-.1; P=.03) and generalized anxiety
(B=.1; P=.01) symptom severity scores were associated with
the number of callscompleted. In the depression program, users
with higher baseline levels of depressive symptomatology
completed fewer calls than those with lower baseline
symptomatology. In contrast, in the generalized anxiety
program, userswith higher baselinelevels of anxiety symptoms
completed more calls than those with lower baseline symptom
severity. There were no significant associations among program
(P=.21), gender (P=.16), or current or recent psychiatric
difficulties (P=.89); baseline social anxiety symptom severity
(P=.92); and the number of calls completed.

In-app messaging was used by most participants, with 66.09%
(1253/1896) of users sending at least one in-app coach text
message and an average of 4.5 (SD 11.1) messages sent to
coaches. Users who completed fewer than four modules sent
approximately one message to every seven messages coaches
sent, whereas users who completed at least four modules sent
approximately one message to every four messages from
coaches (14.28% vs 25.75%; P<.001). Therewere no significant
associations between program (P=.13), gender (P=.51), basdline
depression (P=.68), or socia anxiety (P=.76) symptom severity
and the number of messages sent to coaches. However, there
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was a significant relationship between baseline generalized
anxiety symptom severity and the number of messages users
sent to coaches, such that higher baseline anxiety was associated
with more sent messages ($=.2; P<.001). Age was aso
significantly related to the number of messages sent, such that
older users sent coaches significantly fewer messages than
younger users (f=-0.1; P=.03). Findly, there was also a
significant relationship between user-endorsed recent or current
psychiatric concerns and the number of incoming messages
from users (F,=4.24; P=.04), such that those who endorsed at
least one concurrent psychiatric challenge sent coaches
significantly more messages (mean 5.6, SD 10.4) than those
who did not report any recent or current psychiatric concerns
(mean 4.2, SD 11.3).

Discussion

Principal Findings

This study adds to a small yet growing body of literature
examining the magnitude of symptom reduction among users
of commercially available digital mental health apps in a
real-world context. Overall, Digital+ programs demonstrated
significant reductions in depressive, generalized anxiety, and
social anxiety symptoms throughout the program. The
magnitude of these effects appeared to grow as more modules
were compl eted; however, users who completed at least half of
the program content also experienced significant and large
reductions in symptomatology. These improvements were
largely consistent across participant characteristics (ie, age and
gender). In all three programs, those with more severe baseline
symptomatol ogy experienced smaller symptom reductionsthan
those with lower baseline symptom severity. Of the 1896
AbleTo Digital+ users who initiated use between January 1,
2020, and June 30, 2020, 27.90% (529/1896) completed half
of the program content, and 13.08% (248/1896) completed all
the program content, with a 30-day retention rate of 45.09%
(855/1896). Compl etion rateswere consi stent across age, gende,
and baseline generalized and social anxiety symptom severity.
Users with more severe baseline depressive symptomatol ogy
compl eted fewer modul es than those with lower baseline scores.
Almost all Digital+ usersendorsed interest in 1:1 coaching, and
approximately two-thirds of users engaged in at least one
coaching call (66.2%, 1267/1896) and/or in-app text messaging
(66.09%, 1253/1896). Users who completed at least four
modules completed significantly more coaching calls per module
than users who completed fewer than four modules.

Comparison With Previous Work

Regarding clinical outcomes, the magnitude of symptom
reduction among participants in Digital+ programs was
comparable with or larger than those seen in the broader
literature for internet-based CBT [38-40] and similar digital
products for anxiety and depression [41,42]. For example, a
recent meta-analysis suggests that in randomized trials,
smartphone apps had moderate positive effects on depression
[18] and anxiety symptomatology [17]. Also consistent with
broader literature, these findings suggest comparabl e outcomes
across severa key demographic variables, including age and
gender. Thus, this study adds to the growing body of literature
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supporting the efficacy of these interventions for abroad range
of users[18]. Notably, the magnitude of symptom improvement
is similar to effect sizes seen in studies of face-to-face CBT
[43,44], dthough it isimportant to note that individual sengaging
in Digital+ may differ from those presenting to face-to-face
treatment.

AbleTo Digital+'s completion rate was comparable with or
higher than that reported in a previous meta-analysis of similar
digital interventions (ie, 0.5%-28.6%) [45], and the 45% 30-day
retention rate was approximately 15 times higher than the 3.3%
30-day retention rate previously reported for other commercial
mental health apps without human support, which is known to
be key for improving engagement [46]. Although the use and
retention rates were relatively high compared with other
commercialy available apps, there was still a substantial drop
off, particularly earlier inthe programs. For digital interventions
toreach their full potential, optimizing engagement is necessary
and remains a top research priority [47,48]. We hypothesized
several reasonsfor premature dropouts. First, Digital+ may not
be the appropriate intervention for some individuals, and they
prematurely drop out because theintervention did not meet their
needs. A key priority should be to link individuals to the
appropriate level of care, and strategies are needed to link users
to appropriate services. Digital+ coaches were trained to assist
users in finding a more appropriate level of care if needed by
linking them to their health plan resources or a Digital+
in-network provider matching service, which helped userslocate
and schedule appropriate care. Alternatively, it is possible that
some individuas left the program owing to feeling better or
what has been termed happy abandonment [49]. Although some
Digital+ users experienced significant symptom reduction when
completing only half of the program content, the long-term
impact of premature dropout among these individuals remains
unknown. Finally, given the finding that individual s with more
severe baseline depression were morelikely to discontinue using
Digital+, motivation may be a primary target for sustained
engagement. Future research is required to explore the reasons
for and predictors of premature dropout, including both user-
and program-related factors and the clinical implications of
premature dropout.

Human support has consistently been shown to improve
engagement in and sustained use of digital interventions[50-52];
however, much remains unknown about the aspects of coaching
most closely linked to improved engagement [53]. Research
has demonstrated that coaching focuses on reminding users to
engage, and providing personalized feedback on completed
content can boost engagement [53-55]. However, questions
remain about the timing, intensity, and structure of coaching
associated with higher engagement. More intensive coaching
earlier in Digital+ programs may be needed to decrease
premature dropout, particularly among groups of userswho are
more prone to drop out. In addition, one-third of the users did
not engage in 1:1 coaching. Given the relationship between
coaching and engagement, strategies are needed to promote
coaching initiation among those most likely to benefit from
additional support. Future research is also necessary to better
understand the impact of coaching interactions on engagement
and outcomes and devel op and test tail ored coaching strategies,
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including testing different coaching techniques, methods, and
doses.

Although users with a broad range of symptom presentations
benefited from Digital+, there was a consistent finding across
programsthat those with more severe baseline symptomatol ogy
experienced less improvement throughout the programs. In the
case of depression, these individuals were also more likely to
discontinue use prematurely. Thesefindings are consistent with
and add to the randomized controlled trial literature suggesting
that digital interventions have the most consistent benefit for
those experiencing mild to moderate symptoms at the time of
initiation [18,56]. Asdigital mental health interventions continue
to evolve, it is critical that we better understand who is most
likely to benefit from these interventions to direct patients to
the appropriate level of care and optimize outcomes.

Several stepped and staged care model s that incorporate digital
interventionsinto the broader behavioral health care system are
emerging. For example, the United Kingdom'’s National Health
System’s Improving Access to Psychological Treatments [57]
and Australias Mindspot Clinics [58] have integrated
computerized and digital interventions into their suite of
treatment options to improve efficiency and access to care. In
both of these systems, digital interventions are considered
first-line interventions that can be effective for those with mild
to moderate symptoms and serve as a gateway to additional or
more intensive interventions, if needed. Incorporating
interventions such as Digital+ into the behavioral health care
system offerings has the potentia to reserve more intensive
interventions for those who need them the most, decrease wait
times, and mitigate worsening workforce shortages. Aswelearn
more about who is likely to engage and benefit, we can use
data-driven approaches combined with personal preferencesto
direct people to timely and appropriate services.

Finally, despite a growing body of literature supporting the
efficacy of these interventions and consumer interest, consumers
continue to struggle to identify high-quality, evidence-based
products[27,28]. Novel approachesto disseminating toolssuch
as Digital+ are needed to help people identify the tools best
supported by research evidencethat are most likely to help them.
Research suggests that the interest in digital mental health
interventions outpaces uptake and that individuals desire easier
access to information on effective tools and look to trusted
providers for information on which tools to use [28]. Health
plansand employers may be uniquely situated to help streamline
the dissemination of these tools and direct users to the best
possible services by adding them to their suite of behavioral
health care offerings. This approach can boost awareness and
enhance credibility. This study demonstrates the potential of
this approach; however, future research is needed to continue
to evaluate the impact of these dissemination methods,
particularly concerning improving access and decreasing health
care and workplace costs.

Limitations

The results of this study must be interpreted in light of some
limitations. First, thelack of acontrol group meansthat wewere
unable to account for the natural remission of symptoms, the
effect of missing data, or fully understand the impact of 1:1
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coaching on engagement and outcomes. This limitation,
however, was mitigated to some extent by the weekly collection
of symptom severity scoresand conservative statistical modeling
that incorporated those who did not complete all intervention
content [59]. In addition, the real-world context of thisstudy is
seen asaprimary strength in that it establishes proof of concept
for a health plan and employer rollout of mental health apps
while establishing clinical impact.

Second, only a small number of baseline characteristics were
collected to minimize user burden. However, this limited our
ability to evaluate a broader set of factors that might be related
to engagement and treatment response. The results suggest that
above and beyond the known participant characteristics (eg,
age, gender, and baseline symptom severity), there was
significant variability unaccounted for in both engagement and
treatment response. Although age and gender were not
associated with treatment response, indicating the potential
broad applicability of Digital+, additional information on
participant demographics, including race or ethnicity and
socioeconomic status, may help us better understand who is
most likely to benefit. In addition, other data such as treatment
history, concurrent treatment, and psychiatric medication use
were not available. Collecting these data in the future would
allow usto better understand how psychiatric treatment history
affects program retention and response and potentially inform
the integration of Digital+ into staged or stepped care models.

Third, these anal yses precluded examining theimpact of suicidal
ideation and/or psychosis on outcomes, app use, or 1:1 coaching.
Future research is needed to better understand the impact of
these risk factors. Fourth, all users needed access to a device

Anton et al

(eg, smartphone, tablet, or computer) and internet access to
participate in Digital+. Although 81% of adults in the United
States own asmartphone[60], this may limit the generalizability
of theseresultsto individualswho do not have accessto adevice
or the internet. Finally, participants were not followed beyond
the program period, making it difficult to draw conclusions
about the sustained impact of Digital+ programs. This may be
particularly important for users who discontinued use before
full program completion yet showed symptom improvement.
Future research is needed to understand the long-term clinical
impact of tools such as Digital+.

Conclusions

This study demonstrated that Digital+ users experienced
significant reductions in depression, generalized anxiety, and
social anxiety symptoms throughout the programs, independent
of user age, gender, and baseline symptom severity. Overall,
30-day retention rateswere significantly higher than previously
reported rates for other commercially available mental health
apps, particularly self-guided ones. In addition, users who
completed at least half of the program content completed more
1:1 coaching calls than users who completed fewer than half of
the program content. Participants who enrolled in Digital+
through their employees and health plan benefits experienced
clinically significant symptom reductions. Digital+ may offer
a scalable, low-cost additional service that may help mitigate
workforce shortages and other common barriers to treatment.
Future research is needed to continue to identify those who are
most likely to benefit from these apps and examine how best
tointegrate digital interventions such as Digital+ into the broader
behavioral health care system.
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Abstract

Background: The lesbian, gay, bisexual, transgender, queer, and other sexual and gender minority (LGBTQ+) population has
long faced substantial marginalization, discrimination, and health care disparities compared to the cisgender, heterosexual
population. As the etiology of such disparities is multifaceted, finding concrete solutions for LGBTQ+ health care equity is
challenging. However, the internet may offer the space to initiate an effective model.

Objective: In an effort to make LGBTQ+ public resources and culturally competent providers transparent, modernize medical
education, and promote cultural competency, OutCare Health—a nonprofit 501(c)(3) multidisciplinary, multicenter web-based
platform—was created.

Methods: The organization employs a cyclic, multidimensional framework to conduct needs assessments, identify resources
and providers, promote these eff orts on the website, and educate the next generation of providers. LGBTQ+ public health services
areidentified viatheinternet, email, and word of mouth and added to the Public Resource Database; culturally competent providers
arerecruited to the OutList directory vialistservs, medical ingtitutions, local organizations, and word of mouth; and mentors are
invited to the Mentorship Program by emailing OutL ist providers. These efforts arereplicated across nearly 30 statesin the United
States.

Results: The organization has identified over 500 public health organizations across al states, recognized more than 2000
OutList providers across all states and 50 specialties, distributed hundreds of thousands of educational materials, received over
10,000 monthly website visits (with 83% unique viewership), and formed nearly 30 state-specific teams. The total number of
OutList providers and monthly website views has doubled every 12-18 months. The majority of OutList providers aretrained in
primary, first point-of-care specialties such as family medicine, infectious disease, internal medicine, mental health, obstetrics
and gynecology, and pediatrics.

Conclusions; A web-based LGBTQ+ platform is a feasible, effective model to identify public health resources, culturally
competent providers, and mentors aswell as provide cultural competency educational material s and education across the country.
Such aplatform al so has the opportunity to reach self-perpetuating sustainability. The cyclic, multidisciplinary, multidimensional,
multicenter framework presented here appears to be pivotal in achieving such growth and stability. Other organizations and
medical institutions should heavily consider using this framework to reach their own communities with high-quality, culturally
competent care for the LGBTQ+ population.

(IMIR Form Res 2021;5(9):€17913) doi:10.2196/17913

https:/formative.,jmir.org/2021/9/€17913 JMIR Form Res 2021 | vol. 5 | iss. 9 [€17913 | p.225
(page number not for citation purposes)


mailto:dznowaskie@gmail.com
http://dx.doi.org/10.2196/17913
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

KEYWORDS

Nowaskie

cultural competency; disparities; e-health; healthcare; internet; LGBTQ+; online platform; providers; resources; eHealth; health

care

Introduction

Background

Theleshian, gay, bisexual, transgender, queer, and other sexual
and gender minority (LGBTQ+) population haslong confronted
substantial stigma and discrimination within public and health
care settings [1,2]. Numerous studies have revealed that
LGBTQ+ peoplearemorelikely to endure health care disparities
and have poorer physical and mental health outcomesthan their
cisgender, heterosexua counterparts [3-5].

The etiology of such LGBTQ+ disparities is multifaceted.
Upwards of 40% of LGBTQ+ patients experience health care
discrimination such as stigmatizing attitudes, refusal of needed
medications, and verbal and physical violence [1]. These
experiences then lead to postponements and avoidances of
routine and urgent care due to anticipation and fear of reliving
such stigma [1,2,6]. Likewise, the LGBTQ+ population faces
more financial barriers to health care than the cisgender,
heterosexual population [7,8].

Health care professional s are stationed to both understand these
health care complexities aswell as intervene when appropriate
to aleviate and prevent poor health outcomes. However, many
students and providers have been shown to display both explicit
and implicit biases[9,10] and discriminatory attitudes[1,2,11],
infrequently collect sexual orientation and gender identity
information [12-14], and demonstrate shortcomingsin education
and cultural competency [13-16]. Notably, the quality of
LGBTQ+ medical education and the amount of time spent on
it hasimproved only marginally sincethe 1990s[17], asmedical
students in 2009-2010 received a median of only five hours of
“fair’ LGBTQ+ education across their four years of training
[18].

Finding concrete solutions for LGBTQ+ health care disparities
ischallenging. Identifying methodsto eliminate discriminatory
health care encounters may lead to better health outcomes for
LGBTQ+ patients. Institutional endeavors such as increasing
forma LGBTQ+ education and curricular reform have shown
promising benefits for provider knowledge and attitudinal
awareness [19]; however, these educationa initiatives, at this
time, are locally concentrated and are not standardized or
universal. When considering a national solution for LGBTQ+
health equity, the internet may offer the space to initiate an
effective model. Past research has shown that LGBTQ+ people
use socia media and online sources at a higher rate than
cisgender, heterosexual individuals [20]. Additionaly, the
internet serves as an important avenue for sexual expression
and health information gathering for LGBTQ+ people[21-23].
Therefore, anationa online platform that servesthe LGBTQ+
population has the potential to alleviate health care disparities
by improving LGBTQ+ health care equality and equity. For
example, an online platform affords an excellent opportunity
to increase the following: (1) visibility and accessibility of
culturally competent care by identifying vetted public resources,

https://formative.jmir.org/2021/9/€17913

providers, and mentors; (2) awareness and appreciation of health
care disparities and gapsin provider knowledge by conducting
evidence-based academic research; and (3) cultural competency
by training the current and next generation of providers.

Objectives

In an effort to make LGBTQ+ public resources and culturally
competent providerstransparent, modernize medical education,
and promote cultural competency, OutCare Headlth [24]—a
nonprofit 501(c)(3), multidisciplinary, multicenter online
platform—was created. Ever sinceits foundation and initiation,
the organization’s overarching goalsinclude health care equality
and equity for all peopleregardless of sexual orientation, gender
identity, race, ethnicity, socioeconomic status, and other social
classifications; accessto health careinformation; collaboration
among health care providers and organizations; and a broad
community of support for the LGBTQ+ population. Particular
objectives include the following: (1) increasing visibility of
public health resources and culturally competent providers for
the general public; (2) providing medical education and
consultation for curricular reform; and (3) creating and
distributing educational materials, providing cultural
competency trainings, and hosting seminars and conferences
for health care providers.

Methods

OutCare Health was founded in May 2015. The organization
employsacyclic, multidimensional framework to conduct needs
assessments, identify resources and providers, promote these
efforts on the website, and educate the next generation of
providers. For instance, needs assessments, such as evaluating
LGBTQ+ patients' satisfaction with medical care [25] and
characterizing providers [13,26,27] and students [28,29]
attitudes, practices, and knowledge, through self-reported
surveys are conducted at local and national levels. At the same
time, LGBTQ+ public health services are identified via the
internet, email, and word of mouth and added to the Public
Resource Database; culturally competent providersarerecruited
tothe OutList directory vialistservs, medical institutions, local
organizations, and word of mouth; and mentors (who provide
consultation on school, career, research, and/or other academic
pursuits for students, staff, and/or faculty) are invited to the
Mentorship Program by emailing OutList providers. Cultural
competency trainings are then delivered in person locally and
online nationally to fill gapsin LGBTQ+ clinical preparedness,
attitudina awareness, and basic knowledge. Trainings
incorporate both clinical (eg, terminology and disparities) and
nonclinical (eg, stigma, microaggressions, and how to create
welcoming  environments) components.  Additionally,
state-specific team members champion the groundwork for
change by creating and distributing educational materials, such
asbrochures, references, and referrals, to students, faculty, staff,
providers, public organizations, and health care systemsaswell
as by promoting the Public Resource Database, OutList, and
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Mentorship Program locally. Members aso meet with
curriculum committees to implement educational reform.
Although this framework is operated at local levels by
state-specific teams, the online organization serves as a
centralized sourcefor all of these social and public health efforts.

Results

The organization's impact to date includes the following:
identifying over 500 public health organizations across all states
on the Public Resource Database, recognizing more than 2000
culturally competent providersacrossal statesand 50 specialties

Nowaskie

onthe OutL.ist, distributing hundreds of thousands of educational
materials, receiving over 10,000 monthly website visits (with
83% unique viewership), and forming nearly 30 state-specific
teams. Both the total number of OutList providers and monthly
website views have doubled every 12-18 months (Figure 1,
Figure 2). Within the OutList, there are more primary, first
point-of-care specialties represented than other health care
specidties; these include family medicine (n=370), infectious
disease (n=86), internal medicine (n=218), mental health and
counseling (n=731), obstetrics and gynecology (n=161),
pediatrics (n=137), psychiatry (n=78), and social work (n=118).

Figurel. OutCare Health OutList growth. Growth of thetotal number of culturally competent providersin OutCare Health’s OutL st provider directory.
The number of culturally competent providers was calculated via online submission count and Google Analytics. Data between OutCare Health's

initiation (May 2015) and April 2017 were intermittently collected.
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Figure 2. OutCare Health website's viewership growth. Growth of monthly website views on OutCare Health. The number of monthly views was
calculated via Google Analytics (83% are unique viewers). Data were not collected between OutCare Health's initiation (May 2015) and July 2016.
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Discussion

Principal Findings

Health care disparities are substantially prevalent among the
LGBTQ+ population. Many studies have demonstrated that
health care providers can express negative attitudes and
erroneous beliefs about LGBTQ+ people. Incorrect assumptions
can lead to inadequate care if providers do not have the
awareness and knowledge of how LGBTQ+ cultura factors
impact health. Thus, LGBTQ+ health care equity requires
providers who will impart and advocate for the care of and
respect for the LGBTQ+ population in a culturally competent
manner while providing safe spaces.

In an effort to make L GBTQ+ resources transparent, modernize
medical education, and promote cultural competency, the
nonprofit organization OutCare Health implements an online
cyclic, multidisciplinary, multidimensional, multicenter
framework to foster such change. Longitudinal projects, such
as identifying public health resources, culturally competent
providers, and mentors, has allowed the organization to promote
awareness and up-to-date information and education so that the
current and future health care workforce can deliver better
LGBTQ+ care. The growth of the Public Resource Database,
OutList, Mentorship Program, and website viewership highlights
the necessity of thisvaluable information for public and health
care communities. Of note, while there are some continued
efforts to increase use of these databases via direct
communication, the organization has become a self-sustaining
online platform. For example, of the monthly viewers, a high
percentage are new visitors to the website. Likewise, the
majority of newly enlisted OutList providers practice in states
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that have not been directly marketed to as of yet. Given the
disproportionate primary care and mental health disparitiesthat
LGBTQ+ people face, the growth of the OutList parallels this
need in specialty-specific ways (ie, the majority of OutList
providersaretrained within family medicine, internal medicine,
mental health, obstetrics and gynecology, and pediatrics).
Sustainability is also achieved through providers' ability to
update and maintain their own OutL ist profiles. To complement
this sustainability, the organization's state-specific teams
identify resources and providers within their respective states
and create self-sustaining public and health care presences as
well. Consequently, OutCare Health and its resources are
reaching new members and spreading across communities
organically. However, providing these LGBTQ+ services to
particular areas and populations, such asrural communitiesand
people without access to the internet, has proven challenging.
Future efforts include collaborations with large national health
care organizations as well as local LGBTQ+ public groups to
improve community outreach, dissemination of thisinformation,
and access to care.

Conclusions

Health care equity for the LGBTQ+ population is both a
community and institutional endeavor. An online LGBTQ+
platform isafeasible, effective model to identify public health
resources, culturally competent providers, and mentors as well
as provide culturally competent educational materials and
education across the country. Such a platform also has the
opportunity to reach self-perpetuating sustainability. The cyclic,
multidisciplinary, multidimensional, multicenter framework
presented here appears to be pivotal in achieving such growth
and stability. Other local organizations and medical institutions
should heavily consider recognizing LGBTQ+ health care and
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associated disparities as a multifaceted health concern. By  communities with high-quality, culturally competent care for
implementing the framework discussed here, thesegroupswould  the LGBTQ+ population.
likely be effective in reaching their own and surrounding
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Abstract

Background: Indoor air pollution is awell-known risk factor that triggers and exacerbates asthma, the most common pediatric
chronic disease. Using amobile app to monitor indoor air quality could be promising in engaging children in keeping their indoor
air quality clean and healthy as secondary environmental prevention for asthma management. However, no app is available to
allow children to monitor, assess, and improve their indoor air quality.

Objective: Thisstudy aimsto design amobile app that encourages children to monitor indoor air quality and track their asthma
conditions through a user-centered, iterative design approach.

Methods: We reviewed existing apps for indoor air quality monitoring or asthma management for children and conducted two
sets of semistructured interviews with 12 children with asthma. We then iteratively created prototypes and evaluated and revised
them.

Results: Participants raised a series of outstanding questions on the prototype features and content that described their needs
and perspectives, which informed the final designs. Following the identified requirements and recommendations, we devel oped
two versions of the app: AirBuddy for presenting concreteinformation for indoor air quality and AirPet for gamifying the practice
of monitoring indoor air quality.

Conclusions: By following aniterative, user-centered design process, we devel oped two versions of an app to encourage children
with asthma to monitor indoor air quality and track their asthma condition. The user-centered design approach revealed two
crucia aspectsthat require deeper consideration when creating a child-friendly app, including balancing brevity and expressivity
and considering the longitudinal effects of gamification. As a next step, we plan to conduct a longitudinal deployment study to
evaluate the real-world effects of our apps.

(JMIR Form Res 2021;5(9):e27447) doi:10.2196/27447

KEYWORDS
asthma; children; indoor air quality; mobile app; smartphone; user-centered design
substantial burden on the affected children and their families

by requiring regular medical encounters, restricting the child’s
activities, and increasing the risk of school absences[3].

Introduction

Background

Asthma is the most common pediatric chronic disease,
characterized by recurrent attacks of breathlessness and
wheezing. It is estimated that more than 340 million people
have asthma globally [1], and 8.4% of children in the United
States had asthma in 2018 [2]. Childhood asthma creates a

https://formative.jmir.org/2021/9/e27447

While asthma cannot currently be cured, it can be controlled
through improved health care and avoiding or reducing asthma
triggers from environmental factors. Among various
environmental factors that contribute to excessive asthma
morbidity, exposures to air pollutants are a crucial contributor
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to worsening the symptoms [4-6]. The relationship between
fine particulate matter and asthma morbidity is especially well
established [7]. Because children spend most of their time
indoors, indoor environments dominate exposures to many air
pollutants[8]. Thus, it isimportant to monitor indoor air quality
(IAQ) for asthmamanagement [9]. However, childhood asthma
management is challenging because it requires understanding
the causes of triggers and avoiding them, with triggers being
both multifactorial and unique to each individual [10].
Moreover, it is difficult for doctors and parents to monitor the
health of children with asthma simultaneously with
environmental triggers.

Smartphones are ubiquitous, sensors have become prominently
used in mobile health (mHealth), and mobile apps offer new
opportunities for access to care and monitoring and managing
achronic disease[11,12]. mHealth apps provide various features
to facilitate asthma management, including medication
reminders, symptom monitoring, prompt communication with
a provider, and access to tailored education, information, and
resources [13-15]. Because asthmais a chronic condition, it is
crucial to educate affected children on how to live with it, and
mobile apps can meet such needs. However, few apps offer
ways to monitor air pollutants indoors, some of the most
frequent triggers for asthma attacks, and even fewer apps are
specifically designed for children. For mobile apps to
successfully manage chronic diseases, designers must be
committed to user-centered, evidence-based design to meet user
needs. Beyond the requirements of good design and
development, the central question of designing mobile appsfor
children with asthma is how to accommodate the perspectives
and needs of children and engage children in digital interactions
that foster positive outcomes for asthma management.

Objectives

The objectives of this study were to investigate children’s
perspectives and needs in the design of a child-friendly mobile
app and develop, through a user-centered, iterative design
approach, a mobile app that encourages children to monitor

IAQ.

https://formative.jmir.org/2021/9/e27447
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Methods

Overview

User-centered design is an iterative process in which designers
focus on users and their needs in each phase of the design
process by putting users at the center of product development
[16]. General steps in user-centered design include evaluating
and applying relevant theory, understanding user needs and the
environment in which the app will be used, and iteratively
producing and eval uating prototypesfor thefina product design
[16]. Thisstudy followed the user-centered processto iteratively
design and refine a child-friendly 1AQ monitoring app for
asthma management.

Participant Recruitment

Children aged 8 to 12 years with moderate to severe persistent
asthma, as determined by the Nationa Institutes of Health
guidelines for the diagnosis and management of asthma [17],
were eligible to participate in the study. We chose the 8- to
12-year age range because children around the age of 8 years
start to understand basic terms and sentences and shift from
learning to read to reading to learn, and thusthey can use digital
devicesfor autonomous tasks [18]. Since we planned to design
amobile app that provides |AQ information in simple written
sentencesto help children understand 1AQ, wetargeted children
with asthma who can read simple sentences. Thus, children
were not eligible if they could not read or speak English or if
their involvement was deemed inappropriate by the pediatrician
because of their mental and physical conditions.

After obtaining the institutional review board’s approval, we
recruited participants from a children’s hospita and
school-based health centers in an urban area. For recruitment,
we first contacted pediatricians and explained the purpose of
the study and recruitment criteria to them. The pediatricians
recommended potential participantsamong their patients (upon
guardian approval) who regularly visit the hospital. We then
contacted guardians of children with asthma by telephone. A
total of 12 guardians whose children met the inclusion criteria
were contacted for recruitment. All of their children were
recruited to participate in the study (6 females and 6 males,
mean age 9.8 [SD 1.6] years; Table 1). After we obtained
temporary consent to participate in the study by telephone,
guardians and their children provided consent electronically
during the interview.
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Table 1. Participant demographics.

Kimet al

ID  Age(years) Gender Ethnicity Asthma severity Guqrdi an'srelationshipto  Guardian’s highest educational attainment
participant

P1 12 M Hispanic Intermittent Mother 2-year college

P2 9 F Hispanic Intermittent Grandmother Less than high school

P3 10 M White Intermittent Mother 2-year college

P4 12 M White Intermittent Mother 2-year college

P5 11 M White Moderate Mother University

P6 8 M White Intermittent Mother Graduate

pP7 8 F White Intermittent Mother University

P8 8 F White Intermittent Mother University

P9 10 F White Intermittent Grandmother High school

P10 8 M Black Moderate Mother University

P11 11 F White Mild Mother University

P12 11 F Black Mild Mother 2-year college

Data Collection

Reviewing Existing Apps

We conducted a review of mobile apps available in the market
that offer functionalities on IAQ monitoring or asthma
management for children to establish baseline concepts and
functionalities for our app. While we conducted an extensive
review of existing apps available on Apple’'s App Store and
Google Play, we did not find any app that offered functionalities
for IAQ monitoring associated with asthma management or

IAQ monitoring for children. Thus, we selected instead two
I AQ monitoring apps, AirNow and AirVisual, and three asthma
management apps designed for children—Wheezo, a digital
stethoscope that records breathing sounds to detect signs of
asthma; AsthMe, an information repository for asthma
management; and AsthmaA ctionHero, amobilediary to record
asthma conditions and take actions for asthma
management—based on the number of downloads, reviews,
and average user ratings (Figure 1). Based on a review of
existing apps, we created two sets of low-fidelity sketch
prototypes for our app (Figures 2 and 3).

Figure 1. Screenshots of apps found during app review: (&) AirVisual, (b) AirNow, (c) AsthMe, (d) Wheezo, and () AsthmaActionHero.
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Figure 2. Prototyping process of AirBuddy that used emojisand abar g
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Figure 3. Prototyping process of AirPet, a gamified app using egg hatching to display indoor air quality from (a) sketchesto a (b) wireframe to a (c)

high-fidelity prototype.
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Understanding User Needs

Animportant step in user-centered design isto establish abasic
understanding of the practices and needs of end users to guide
the ideation and design of an app. To obtain this, we conducted
semistructured interviews with each child. For the interviews,
we created a set of open-ended interview questions with 3 key
themes: (1) exploring how children with asthma manage and
live with their conditions, (2) investigating the experiences of
using mobile apps in general and for asthma management in
particular, and (3) learning about the current understanding of
IAQ and its relationship to asthma. In addition, we collected
participant basic demographic information including age,
gender, and asthma severity from their guardians.
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All interviews were done virtually using videoconferencing
software of the participant’s choice (eg, Skype, Zoom). While
all questions were to be asked to children, we also encouraged
participant’s guardians to join the interview and share their
thoughts about the question or their child’'s answer when they
wanted. Last, we displayed our low-fidelity sketch prototypes
on a shared screen, explained the key concepts of each sketch,
and asked the participants for feedback. Each interview lasted
about 30 minutes.

Iterative Design and Evaluation

Based on our prototype sketches, collected requirements, and
feedback in the previous steps, we iteratively created a set of
wireframes that were then developed into high-fidelity
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prototypes (Figures 2 and 3). We conducted one-on-one
interviews with the same group of participants to receive
feedback on the prototypes. In theinterview, wefirst introduced
our app to participants as “a mobile app that allows you to
monitor air qualities in your home and outside, record your
asthma conditions, and find information about actions to take
for asthma management.” We displayed our prototypes on a
shared screen and asked participantsto think aloud and express
their thoughts and feelingswhile freely exploring the prototypes
as much as they wanted.

During the interview, a participant verbally commanded their
intended interactions with a prototype cast on a shared screen.
Then, an interviewer executed the user’sinteraction commands
asaform of the Wizard of Oz study. When participants had no
more ideas to share, we asked 3 questions about each screen
based on the cognitive wakthrough method, including (1)
visibility, did the user notice the correct action to take; (2)
affordance, did the user associate the correct action with the
outcome they expect to achieve; and (3) feedback, if the correct
action was performed, did the user see that progress was being
made toward their intended outcome [19]. Each interview lasted
up to 60 minutes. After completing thisinterview, the guardians
of participants were sent an electronic gift card for their child's
participation.

Data Analysis

We analyzed theinterview data using thematic analysisto revea
patterns across data sets and draw out significant themes [20].
The emerging themes were continuously discussed by the
authors until data were saturated and no new information was
anticipated. First, we conducted open coding to identify concepts
that were significant in the data. The following example shows
that one participant did not understand how the egg hatching
concept relatesto | AQ, and this response was coded as* unclear
concept.”

{Unclear concept} What does the air quality inside
have to do with hatching an egg? [Participant
P2]{/Unclear concept}

Wethen categorized the related concepts created by open coding
using axial coding. Phenomena refer to repeated patterns of
events, happenings, actions, and interactions representing
people's responses to problems and situations. For instance,
“confusion” is a phenomenon that refers to a participant’s
incorrect or lack of understanding about the meanings of the
visual representation in the app interface. During axial coding,
the open code “unclear concept” in the example above was
categorized as “confusion” since the participant did not
understand the meaning of egg hatching. Last, we performed
the selective coding process to integrate the categories derived
from axial coding.

Results

Design Conceptualization

From the review of the existing apps, 4 trends emerged that
were prevalent or common across apps. Firgt, all appsused vivid
colors and simple graph components for information
visualization (Figure 18). For instance, the apps for air quality

https://formative.jmir.org/2021/9/e27447
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monitoring used colored graphical components such as
speedometers, emojis, and bar graphs with color scales to
indicate the level of air quality (Figure 1b). In contrast, the apps
for asthma management allowed users to pick different emojis
and other colored graphical components to indicate the user’'s
condition (Figure 1c). Second, all apps used graphic characters
and personified graphical components to make information
more engaging and fun (Figure 1d and 1€). Third, all apps
provided the features to track the history or trend of the
monitored information. For instance, graphs were used by apps
for air quality monitoring to keep track of the changesin air
quality indoors and outdoors over time, and the appsfor asthma
management offered the features to record and keep track of
asthma symptoms and conditions. Last, all apps offered
informational content to encourage users to make beneficial,
real-life changes. For instance, the apps for air quality
monitoring provided information about how users should
respond to poor air quality indoors. And the apps for asthma
management provided information about how to prevent or
react to asthma symptoms.

With these themes, we came up with 2 design concepts and
created 2 corresponding sets of sketch prototypes to meet the
objectives of our app in different ways. The first concept was
aconventional form of concrete information presentation using
graphical components such as graphs, calendars, and emojisto
present thelevel of air qualitiesindoors and outdoors and allow
logging the user’s asthma condition (Figure 2a). The second
concept was gamification using the theme of raising a pet, in
which the levels of |AQ and user engagement with an app turn
into treats to feed a virtual pet. For a virtual pet, we chose 2
themes, egg hatching and planting (Figure 3a).

User Needs and Feedback on Sketch Prototypes

All participants had a decent understanding of asthma, what
triggers asthma attacks, and what to do when asthmaflares up.
Regarding asthmatriggers, all participants mentioned humidity
and heat (weather) as primary causes of symptom worsening,
whereasthere was no understanding of the relationship between
air pollution and asthma. At best, air pollution was considered
analogous to humidity to some participants. Most participants
did not have much interest in or knowledge about air quality or
its effects on asthma. These show the importance of providing
I AQ information along with weather and humidity to help users
understand the rel ationshi ps among temperature, humidity, 1AQ,
and asthma.

Asthma affects your breathing and makes it harder
to breathe. Like when it gets really hot, or in my hot
showers when the room gets steamy, | have trouble
breathing. [Participant P2]

A few days ago, when | was walking with my mom,
my dad, and my brother, the air was getting humid
and dense, and it was getting hard for me to breathe.
| think humidity makes it hard to breathe, harder to
breathe sometimes. [Participant P8]

Like probably more polluted air, like more humid air
affects me more than just fine air. [Participant P3]
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The primary resources of information for asthma management
were parents and the internet. None of the participantswasusing
an app for asthma management or expressed any interest in
using one, which shows the importance of actively motivating
user engagement with the app.

When | have any question, my mom and dad are the
first choice. If that doesn’'t work, probably theinternet
because I'm not always at the doctor’s office.
[Participant P3]

| usually ask Alexa for how theweather is, likewhat's
the weather today. [Participant P4]

When we showed our sketch prototypes to participants during
the first interview, the overall response was positive on both
prototypes, although they did not provide detailed feedback. It
might be because the low-fidelity prototypes missed many
details making it difficult for children to offer exhaustive
responses. All participants confirmed that both themes were
easy to understand. For sketch prototypes with traditional
graphical components, participants expressed equal preferences
on a bar graph, a calendar, and emojis. For sketch prototypes
with gamified concepts, participants expressed a preferencefor
egg hatching over planting.

Iterative Design for High-Fidelity Prototyping

Based on user feedback on the sketch prototypes and their
expressed needs, we iteratively created 2 sets of wireframes,
which we devel oped into high-fidelity prototypes. Key features
of theapp include visualizing air qualitiesindoors and outdoors
in real time and keeping track of the user’s asthma condition.
In the system development, |AQ data will be transmitted from
a separate | AQ sensor (Figure 4, left). The outdoor air quality
datawill beretrieved from an AirNow application programming
interface that provides current air quality data by zip code. A
commercialized spirometer will be provided to participants to
measure lung condition and enter results into the apps (Figure
4, right). An AQ sensor and spirometer will be packaged with

the app.

Kimet al

The first wireframe, which we named AirBuddy, was created
using a combination of a bar graph and emojisto visualize air
quality indoorsand outdoors (Figure 2b). Through several design
iterations and discussions within the research team, we
developed the wireframe into a high-fidelity prototype that
displays color-coded house and cloud icons to show the current
air quality levels indoors and outdoors, respectively. Also
included are weather forecast, humidity, and a color-coded bar
graph presenting the weekly trend of these data (Figure 2c). We
juxtaposed a house icon with a cloud icon so that users can
compare air quality indoors and outdoors. For the color codes,
we used the US Environmental Protection Agency’sAir Quality
Index (AQI) color codes to visualy present the level of air
quality (Figure 5). For afeature for engagement, this prototype
provides a personified house character, Airic, a chatbot placed
at the bottom left corner of the navigation bar. It answers
guestions regarding air quality and asthmain simple language
suitable for children and reminds them to enter spirometer
readings to the app.

The second wireframe, named AirPet, was created using a
gamification theme of egg hatching (Figure 3b). We devel oped
the wireframe into a high-fidelity prototype through severa
design iterations and discussions within the research team that
shows avirtual egg for which hatching speed is determined by
the level of air quality indoors and daily spirometer data entry
(Figure 3c). This prototype uses the status of 1AQ and whether
or not daily spirometer data is recorded as factors to affect the
speed of egg hatching, and the hatching progress is displayed
on a progress bar underneath the egg. Maintaining good |1AQ
and recording daily spirometer data will hatch approximately
one egg aweek. In addition, air quality outdoors and weather
information are displayed on top of the screen.

Since the concepts of these 2 prototypes are entirely
different—AirBuddy for concrete information presentation and
AirPet for abstract gamification—representing different aspects
of strengths and weaknessesin the interface design, we decided
to keep both ideas for the final system design.

Figure 4. Images of an indoor air quality sensor that measures PM 2.5, CO,, and NO, (left) and a spirometer that measures FEV 1, FEV6, and % of

personal best FEV 1 (right).
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Figure5. Air Quality Index color codes for Particulate Matters.
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User Feedback on High-Fidelity Prototypes

The first few comments across all participants about our
prototypes indicated preferences toward colorful interfaces,
which confirms prior work showing that color isadistinguishing
characteristic for children’s engagement with adigital interface
[21]. Participantswereall attracted to both appsfor their colorful
interfaces and positively mentioned most graphical components
provided in the app.

Both have popping colors. | think it helps to get its
attention. [Participant P5]

| likeit (AirPet). It is beautiful. [Participant P10]

The house [in AirBuddy] cantalk! If | wanted to say,

“Hi house; what would it say back? Hi? Can | try

it? [Participant P11]
While vivid colors were an effective component to draw
children’s attention to the app, we found it was not adequate to
use color to convey information. The meanings of colorsin the
AQI color codes were green for good air quality, orange for
moderate air quality, red for unhealthy air quality, and purple
for extremely unhealthy air quality. When we asked participants
how they interpreted the meanings of different colorsconcerning
the level of air quality in the app, however, many participants
interpreted purple as better air quality than when it was red.
This suggests that care must be taken when using colors to
convey information in a child-friendly user interface or users
might misinterpret the information.

I think the red will stand for the highest bad air and
then the purple will be a lower level and the orange
will belower and yellow will belower and green will
be the best time to go outside. [Participant P7]

The colors? Green means good. Yellow means okay.
Orange means getting kind of good. Pink meanskind
of bad. And then, kind of very bad for purple. And
then, red is very bad. [Participant P9]

The colors of house and cloud icons in the AirBuddy were
designed to change based on air quality levels indoors and
outdoors to present them visually. However, many participants
did not know how to interpret these colored icons until we
explained them in detail .

The cloud makes me think of the air and stuff around.
The house is just... | don't know. It doesn't really

https://formative.jmir.org/2021/9/e27447
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make me think of air quality. It makes me think just
the house. [Participant P1]

| think the cloud isfor the air quality inside, but | am

not sure what the house is. Maybe adding something

to explain what thismeanswill be hel pful. [Participant

PI]
In addition, we found that acolor-coded bar graph in AirBuddy
to present the recent trend of air quality indoors and outdoors
influenced participants’ perspectives on the app both positively
and negatively. The positive aspect was that most participants
easily understood the concept of abar graph because they were
familiar with it from other contexts, such as in class or for
asthma measurement. The negative aspect was that those
different contexts where abar graph was used made parti cipants
perceive the app as less fun or engaging and instead more
educational and informational.

Because of this (a bar graph), it (AirBuddy) lookslike
a grading type of app or something that | use in
school that gives you a report on how you do.
[Participant P7]

It (AirBuddy) looks familiar. We use something like
that in science at school and also the thing that | see
when | have to breathe into the thing, and it shows
how long | can breathe. [Participant P12]

In the design of AirPet, we applied the concept of egg hatching
to present |AQ information simply yet effectively, which turned
out to be apositive factor for participants’ initial impression of
the app. Participants expressed their preference for AirPet over
AirBuddy because AirPet's gamification factors made
interaction with the app more engaging and fun. However, the
concept of egg hatching related to 1AQ and the progress bar
was confusing and unclear to some participants.

| like this app (AirPet) better because it gives you a
better experience on how to learn about air quality
and how asthma works and how to get rid of it.
[Participant P6]

| think that the air inside is what helps you hatch the
eyg. The better the air, the better the air hatches.
[Participant P7]

I think the egg would represent the air and how you
make it better. By making the egg better, you are
making your asthma better. [Participant P10]
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What does the air quality inside have to do with
hatching an egg? And, what are all these numbers
under neath the egg? [Participant P2]
Last, participants’ parents expressed positivity toward the utility
of the appsfor easy accessto information and fostering achild's
skill for asthma self-management.

| think any way that you can take some ownership
over your own health issuesis definitely a beneficial
thing, especially since he [her son] has massive
amounts of food allergies, which also is part of what
triggers his asthma. So, | think, any way that he can
havetoolsto help himwhere | am not micromanaging
his health would definitely be good. [Participant 6's
parent]

Sometimes you are not quite sure what could be
harming your child or what could help them. And if
you go online, thereistons of information, but I think
having it broken up by category with very concrete
examplesis helpful. [Participant 7's parent]

Final Design

The biggest concern with the AirBuddy prototype was that the
interface wastoo simpleto convey IAQ information effectively
because it relied solely on the shape and color of an icon. To
addressthisissue, we separated a house icon from acloud icon
and located a horizontal AQI color strip underneath the house
icon to indicate the current |AQ. We also added text to display
alabel and numerical level of 1AQ next to the houseicon (Figure
6a). When auser clicks anywhere in the |AQ information pane
on a home screen, the app moves to an |AQ detail page where
abar graph of the recent IAQ trends is located. We moved the
bar graph to a subpage so that the app can till benefit from the
target users' familiarity with a bar graph to convey the IAQ

Kimet al

trend information but reduce its influence on the overall and
initial perception of the app (Figure 6b).

Next, we grouped a cloud icon with other weather conditions
to conceptualize outdoor air quality as part of outdoor/weather
information. Underneath the weather pane is a button to log
daily spirometer data. Clicking this button brings up a subpage
where auser can enter spirometer readings and review the daily
log of previous data entry (Figure 6c). Clicking the houseicon
at the bottom left corner of a navigation bar will bring up a
chatting page where a user can interact with Airic, a chatbot,
both verbally and via typing, to ask any question relating to
I AQ and asthma management (Figure 6d). Last, we provided a
list of action items that the user can perform to improve IAQ
(Figure 6e).

The biggest concern with the AirPet prototype was that the link
between the concepts of egg hatching and IAQ could be
confusing to some users. We redesigned the home screen to
illustrate an egg that a house broods to hatch graphicaly to
addressthisissue. We also simplified the progress bar and added
text to display a labeled level of 1AQ inside the home. In
addition, we added two clouds outside the house to represent
thelevel of air quality outdoors and weather information (Figure
78). When auser clicksanywherein the house on ahome screen,
the app moves to an I1AQ detail page where we located a bar
graph adopted from AirBuddy to convey the IAQ trend
information (Figure 7b).

Underneath the house on the home screen is a button to log
daily spirometer data. Clicking this button or the same button
on an |AQ detail page will bring up a subpage where auser can
enter spirometer readings and review the daily log of previous
data entry (Figure 7c). Last, we provided alist of action items
auser can perform to improve |AQ and alist of virtual petsthat
were successfully hatched (Figures 7d and 7€).

Figure 6. Final design of AirBuddy: (a) home screen, (b) detailed indoor air quality information, (c) spirometry entry page, (d) chatbot Airic, and (€)

list of action itemsto improve indoor air quality.
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Figure 7. Final design of AirPet: (a) home screen, (b) detailed indoor air quality information, (c) spirometry entry, (d) list of action items to improve

indoor air quality, and (e) hatchery with hatched pets.
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Discussion

Principal Findings

Indoor air pollution is a known risk factor contributing
significantly to adverse respiratory healthin children [22]. Thus,
keeping 1AQ clean and healthy is the basis of secondary
environmental prevention for asthma management [23].
However, our study showed that the affected children had little
or no knowledge about indoor air pollution or how it affects
their asthma symptoms [24]. While parents are and need to be
the primary source of information for their children’s asthma
management, the affected children must have a method for
self-management of asthma. This suggests a need for an easy
yet effective mechanism that hel ps ensure children’s engagement
with IAQ as part of asthma management.

In this study, we conducted a series of interviewsto involve the
end users, children with asthma, throughout the process of
designing an app that promotestheir engagement in monitoring
and improving IAQ and tracking daily asthma conditions
through a user-centered design approach. Weiteratively revised
and improved the prototypes through this process to ensure that
children can use our app easily, effectively, and reliably. This
process has revealed 2 crucial aspects that require deeper
consideration when creating a child-friendly app, including
balancing brevity and expressivity and considering the
longitudinal effects of gamification.

Balancing Simplicity and Expressivity

A central consideration in the design of our app was how to
present |AQ information simply yet effectively so that children
can easily understand, engage in, and play with it toward
improving 1AQ. The prevalent mode of presenting the level of
air quality is to use AQI values with associated color codes
(green: 0-50 for good; yellow: 51-100 for moderate; orange:
101-150 for unhedlthy for sensitive groups; red: 151-200 for
unhealthy; violet: 201-300 for very unhealthy; and purple:
301-500 for hazardous). We adopted only the AQI color codes

https://formative.jmir.org/2021/9/e27447
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to present the air quality status in the early version of the
AirBuddy prototype because providing numeric values might
be too complicated for children to understand. The research
team concluded that the interface would be simple enough for
children to use.

Our assumption was wrong in 2 aspects. First, the findings
showed that this prototype wastoo simple and brief for children
of our target age group who can handle and even seek out
complex information to interpret and contextuali ze the meaning.
For instance, many participants did not understand how to
interpret colored icons without detailed explanations. While
focusing on simplicity, wefailed to deliver enough information
tovisualy present the air quality levels effectively. Second, the
findings showed that using color is powerful for children’s
engagement but might not be effective in conveying meaningful
information. Unlike adults who are conscious of the symbolic
meanings of colors, children have yet to acquire the contextual
information associated with different colors. Thus, care should
be taken when using colors to convey information to children.

These findings demonstrate that special attention should be paid
to assure agood balance between simplicity for ease of useand
expressivity for effective delivery of information when designing
a child-friendly interface. A centra tenet for user-centered
design practicesis that one size does not fit all, but the design
should bedriven by the knowledge and perspectives of the target
users[16]. Theiterative, user-centered design process with our
participants made clear that our prototype was simple enough
for children to play with but not expressive enough for
representing information, which could not have been identified
without the user-centered design process.

Longitudinal Effects of Gamification

Gamification is defined as the use of game design elementsin
nongame contexts[25]. This principle has been used in avariety
of contexts for children, including but not limited to education
[26], behavior change[27], and health care[28], to maketedious
activities more engaging to children and thus increasing their
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motivation to use them [29]. Because autonomous and regular
engagement with the app is crucial to meet the goal of our app,
we adopted gamification elements in AirPet in which a user
must regularly access the app to monitor and improve IAQ and
log asthma conditions to hatch a virtual pet. The overall
responses from participants were positive, and most of them
preferred this prototype over the other one, thanks to the
gamification elements. Thus, we are hopeful that the
gamification elements would positively influence children’'s
sustained engagement with our app.

However, the actual and, especialy, longitudinal effects of
gamification on children's engagement are controversial.
Numerous apps have been using gamification for children’s
engagement. And some studies even demonstrated that
gamification is statistically effective in improving children’s
engagement [30]. But other studies showed that the effect of
gamification might fade away [31] or even negatively influence
motivation, satisfaction, and empowerment as the use duration
increases[32]. This suggests that gamification is ot a panacea
for al. Designers need to be cautious of potential negative
effects when applying certain gamification mechanics for
sustained engagement. In the next step, we plan to conduct a
field deployment study using the appswe designed to investigate
how gamification, in contrast to a conventional form of concrete
information presentation, influences children’s engagement in
I AQ and asthma management over time.

Limitations

Our original plan wasto conduct participatory design workshops
for idea exploration and run in-person interviews to evaluate
aninteractive high-fidelity prototype. However, dueto the CDC
recommendations for social distancing during COVID-19, we
canceled the workshops and instead conducted all interviews
one-on-one virtually.

Our findings must be evaluated within the context of several
limitations. First, our sample size was small, and thus our
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participant pool may not represent ageneral population. Second,
we used convenience sampling by recruiting participants from
achildren’shospital and school-based health centersin an urban
area, which also runstherisk of compromising generalizability.
Selection bias or unmeasured factors (eg, the homogeneity of
participant characteristics by living in the same geographic
regions) could have influenced the responses during the
interviews. Third, we conducted all interviews virtually dueto
the pandemic, which might have affected the participants
experience with our prototypes differently from how they would
experience them with direct interaction. We are hopeful that we
can conduct in-person interviewsin asystem depl oyment study
planned as the next step of this project.

Conclusion

This work completes the foundational stages of concept
generation, iterative design, and implementation in the
user-centered design process. These stages are fundamental to
the subsequent eval uation and deployment of the app to support
children with asthma to monitor and improve IAQ. The next
phase is to conduct usability testing of a working system with
end usersto evaluate its effectiveness for children’s use before
public deployment. Our iterative design process demonstrated
that it iscritical to engage potential usersasearly asthe concept
generation phase and throughout the iterative design stages to
assurethat the final app meetsuser needsasintended. A similar
user-centered design approach can be effectively applied in the
development and design of mHeath apps to address
self-management needsfor other pediatric conditions. Asanext
step, we plan to conduct alongitudina deployment study with
children with asthma to evaluate the real-world effects of our
apps. We will investigate how different approaches—a
conventional form of concrete information presentation and
abstract gamification—influence the affected children's
engagement with | AQ and how the increased awareness of IAQ
influences |AQ and asthma conditions.
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Abstract

Background: Firearmsare common in the households of personswith Alzheimer disease and related dementias (ADRD). Safety
in Dementia (SiD) is afree web-based decision aid that was devel oped to support ADRD caregiversin addressing firearm access.

Objective: We aimed to evaluate the feasibility and acceptability of SiD among a web-based sample of ADRD caregivers.

Methods: SiD wastested in 2 phases by using participants who were recruited from a web-based convenience sample (Amazon
Mechanical Turk participants). In phase 1, caregivers were randomized to view either the intervention (SiD) or the control
(Alzheimer’s Association materials), and the blinding of participants to the study arms was conducted. In phase 2, caregivers of
individuals with ADRD and firearm access were recruited; all of these participants viewed the firearm section of SiD. In both
phases, participants viewed SiD independently for as long as they wanted. Measures for evaluating decision-making and SiD
acceptability were used, and these were assessed via a self-administered web-based questionnaire.

Results. Participants were recruited for phases 1 (n=203) and 2 (n=54). Although it was feasible to collect the study outcome
data in a web-based format, in phase 1, there were no significant differences between SiD and the control in terms of
decision-making and self-efficacy. The majority (137/203, 67.5%) of phase 1 participants spent between 5 and 10 minutes
reviewing the resources. In phase 2, 61% (33/54) of participants spent 5 to 10 minutes viewing the firearm section, and 31%
(17/54) spent 10 to 20 minutes viewing this section. Usability and acceptability were high across the phases.

Conclusions: SiD represents a new resource for promoting safety among people with dementia, and high acceptability was
achievedinapilot trial. In thissample, SID performed similarly to Alzheimer’s Association material sin supporting decision-making
and self-efficacy.

(JMIR Form Res 2021;5(9):e30990) doi:10.2196/30990
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Introduction

Most firearm deaths among older adults are the result of suicide,
but memory and behavior changes resulting from Alzheimer
disease and related dementias (ADRD) have raised safety
concerns among care partners and others. Dementia safety
guidelines[1,2] recommend limiting accessto firearms or other
potentially dangerous items, but existing resources [3,4] have
not adequately addressed logistics such aslegal considerations.
A recent large survey found that many ADRD caregivers were
open to counseling and resources, but only 5% reported ever
having a health care provider address firearm safety [5].

We previously created the web-based Safety in Dementia (SiD)
decision aid [6,7] to support care partners. SiD guides users
through questions, such as those about preferencesfor in-home
storage versus out-of-home storage or how a person with ADRD
may react to no longer having accessto firearms. SiD’s sections
were designed to help usersfind optionsthat best matched their
preferences, values, and situations. In other complex scenarios,
decision aids have increased knowledge and decreased feelings
of conflict, passivity, and apprehension [8].

Herein, we describe a pilot study for assessing the feasibility
and acceptability of SID among a web-based sample of
caregivers. We sought to examine the feasibility of collecting
outcome data and the acceptability of the tool in preparation
for afuture full-scale randomized trial. Although SiD situates
firearm access within the context of other safety considerations
(eg, driving and household safety) [6], we focused this
evaluation on the firearm component of SiD.

Methods

Study Design and Population

We evaluated SID in a 2-phase study by using samples from
the Amazon Mechanical Turk (MTurk) platform [9]. MTurk is
a web-based crowdsourcing platform where individuals
complete tasks in exchange for digital currency. Eligible
participants were English-speaking, US-based, adult users of
MTurk (aged =18 years) who self-identified as informal
caregivers of someone with ADRD who was not living in a
nursing home or another facility that provided 24-7 care and
supervision. Potentially eligible participants had to choose the
correct definition of dementia as a check of their caregiver
identity and attention (ie, to determine whether they were paying
attention) [10]. Each participant completed 2 additional attention
checks while taking the survey. Participants viewed study
information for informed consent and were compensated with
US $4.00. This amount was in line with the compensation
amounts for comparable MTurk tasks. MTurk participants
identities were not known to the study team.

In phase 1, participants were randomized (1:1) to view either
theintervention (SiD) or control (stetic, web-based Alzheimer’s
Association material s[3]). Participantswere blinded to the study

https://formative.jmir.org/2021/9/€30990

arms and could navigate through the study websitesfor aslong
as they wanted and in whatever way they wanted. They were
asked to choose 1 section (the firearm, driving, or home safety
sections) that was the “most meaningful in [their lives] right
now” as caregivers and answer related questions.

After exceeding the target recruitment size for the pilot
randomized trial (phase 1), we adjusted the eligibility criteria
to specify that the person with ADRD must have access to at
least 1 firearm (phase 2). This change was made to allow for
the collection of additional focused feedback on the firearm
section, and all caregiver participants in phase 2 were directed
to view thefirearm section of the SiD website. The SID website
content was frozen during this study, and no changes were made
until after this study was completed. This study was approved
by the Colorado Multiple Institutional Review Board, which
waived the need for written informed consent.

M easures

Web-based, self-administered questionnaires in Qualtrics
(Qualtrics International Inc) were used to assess the
characteristics of participants and the people with dementiafor
whom they provided care.

We assessed the feasibility of collecting data on key efficacy
outcome measures from the Ottawa Decision Support
Framework [11], which addresses decisional needs (eg,
knowledge, conflicts, and personal values) that affect decisional
quality (ie, the degree to which decisions align with values).
The 10-item Preparation for Decision-Making Scale [12] uses
Likert response options, and higher scores represent greater
preparedness; we excluded theitem on preparation for follow-up
with a physician [12]. The Decision Self-Efficacy Scale [13]
measures an individua's self-confidence in their
decision-making ability. The Stage of Decision-Making Scale
uses a 6-point Likert scale and includes responses that range
from “haven't begun to think about the choices’ to“ have already
made a decision and am unlikely to change my mind” [14].
Efficacy measures were administered after participants viewed
SiD or the control; the Stage of Decision-Making Scale was
also administered before participants viewed the study materials.

To analyzetool acceptability, we used the Ottawa Acceptability
Scale [15] to assess the study materials balance in tone, the
clarity of information, helpfulness, and the likelihood of
participants recommending the study materiads to others.
Additional questions were used to assess tool usability and
allowed for free-text feedback.

Analysis

Quantitative survey data were analyzed by using descriptive
statistics. Continuous variables were summarized with means
and SDs (or with medians and quartiles when a group had a
sample size of <10). Categorica variables were summarized
with frequencies and percentages. Differences in measures

between the control and SID armsin phase 1 and between the
phase 1 and phase 2 cohorts were tested with 2-sample
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two-tailed t testsfor continuous variables and Fisher exact tests
for categorical variables due to the small sample sizesin some
groups. All phase 1 comparisons were conducted based on the
intention-to-treat assignment to each study arm.

Results

Between March and August 2020, 257 MTurk individuas
participated in this study; we excluded 6 individuals who did
not complete the questionnaires. In phase 1, caregivers were
randomized to view either the SiD (n=98) or the control (n=105);
there were no significant differences in the characteristics of
participants or peoplewith dementia (Table 1). The median age
was 35 years (IQR: 15 years). Most participants were female
(132/203, 65%) and White (157/203, 77.3%), and 11.8%
(24/203) of participants were Hispanic. Of the 203 participants,
61 (30%) reported owning =1 firearm. Most participants
(137/203, 67.5%) lived with the person with dementiafor whom
they provided care. Further, onefifth (45/203, 22.2%) of
participants reported that the person with dementia lived in a
home with a firearm, and nearly 10% (18/203, 8.9%) reported
that the person with dementia owned =1 firearm. In phase 1,
participants (n=203) could choose which sections of SID to

https://formative.jmir.org/2021/9/€30990
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review; of the 98 participants in the SiD group, 69 (70.4%)
chose the “home safety” section, 14 (14.3%) chose the
“firearms’ section, and the remaining 15 (15.3%) chose the
“driving” section.

In phase 2, 54 participants were enrolled. Compared to those
in phase 1, phase 2 participants were more likely to be male,
people of color, and Hispanic and care for individualswith less
severe dementia (Table 1). In phase 2, 63% (34/54) of
participants reported that the person with dementia lived in a
home with =1 firearm, and nearly half (23/54, 43%) reported
that the person with dementia owned >1 firearm.

Overdll, in phase 1, participants reported preparedness for
decision-making and decision self-efficacy were both high, with
no significant differences between the SiD and control groups
(Figure 1). The median preparedness score for decision-making
wasaso highin phase 2 (median 4.0; IQR 3.9-4.3; scale: range
1-5), aswas the decision self-efficacy score (median 68.2; IQR
57.4-79.5; scale: range 0-100). The Stage of Decision-Making
Scale scores, which were measured before and after viewing
SiD or the control, did not significantly change in any group
(Table 2).
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Table 1. Participants’ characteristics stratified by study phase (N=257).2

Characteristics Phase 1 Phase 2
Total (n=203) Control group  gpP group Pvalue(control group Total (n=54) P value (phase 2 total
(n=105) (n=98) vs SiD group) vs phase 1 total)
Age (years), mean (SD) 36.6(11.9)  36.0(12.0) 37.3(119) 47 386(137) .34
Sex, n (%) 24 .03
Male 71(35) 41 (39) 30 (30.6) 28 (51.9)
Female 132 (65) 64 (61) 68 (69.4) 26 (48.1)
Race, n (%) 44 .07
White 157 (77.3) 84 (80) 73 (74.5) 37(68.5)
Black 16 (7.9) 6 (5.7) 10(10.2) 6 (11.1)
Asian 15 (7.4) 9(8.6) 6 (6.1) 4(7.4)
American Indian or Alaska 4 (2) 2(1.9) 2(2 6(11.1)
Native
Biracial 8(3.9) 4(3.8) 4(4.1) 1(19
Hispanic ethnicity, n (%) 24 (11.8) 14 (13.3) 10 (10.2) 52 17 (31.5) <.001
Highest level of education completed, n (%) 22 .02
<High school diploma 24 (11.8) 16 (15.2) 8(8.2) 2(3.7)
Some college 67 (33) 30(28.6) 37(37.8) 19 (35.2)
College diploma 84 (41.4) 42 (40) 42 (42.9) 17 (31.5)
>Graduate training 28 (13.8) 17 (16.2) 11 (11.2) 16 (29.6)
Censusregion of residence, n (%) .63 .60
Northeast 35(17.2) 19 (18.1) 16 (16.3) 6 (11.1)
Midwest 41 (20.2) 18 (17.1) 23(23.5) 13 (24.1)
South 88 (43.3) 49 (46.7) 39(39.8) 22 (40.7)
Wiest 39(19.2) 19 (18.1) 20 (20.4) 13 (24.1)
Number of firearms personally owned, n (%) .24 <.001
0 142 (70) 75 (71.4) 67 (68.4) 18(33.3)
1 25(12.3) 16 (15.2) 9(9.2) 17 (31.5)
2-5 32 (15.8) 12 (11.4) 20 (20.4) 13 (24.1)
6 or more 4(2) 2(1.9) 2(2 6(11.1)

Type of firearms owned (>1 response allowed), n (%)

Handgun, pistol, or revolver 53 (86.9) 26 (86.7) 27 (87.1) >.99 26 (72.2) .57
Rifle or long gun 26 (42.6) 10(33.3) 16 (51.6) .20 11 (30.6) .65
Shotgun 25 (41) 12 (40) 13 (41.9) >.99 14 (38.9) >.99
Zarit Caregiver Scale (6-question 9.8 (4.8) 10.0(5.2) 9.7 (4.5) .62 11.6 (4.6) .02
form)® score, mean (SD)
Relationship with person with dementia, n (%) 44 .63
Spouse or partner 13 (6.4) 7(6.7) 6(6.1) 6(11.1)
Parent or stepparent 85 (41.9) 47 (44.8) 38(38.8) 20(37)
Other relative 88 (43.3) 46 (43.8) 42 (42.9) 22 (40.7)
Friend, neighbor, or 10 (4.9) 3(29 7(7.) 3(5.6)
coworker
Person cared for aspart of 7 (3.4) 2(1.9 5(5.1) 3(5.6)
work
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Characteristics Phase 1 Phase 2
Total (n=203) Control group  gpP group Pvalue(control group Total (n=54) P value (phase 2 total
(n=105) (n=98) vs SiD group) vs phase 1 total)
Liveswith personwith dementia, 137 (67.5) 68 (64.8) 69 (70.4) 45 38(70.4) 75
n (%)
Freguency of in-person contact (if participant does not live with person with .16 .93
dementia), n (%)
Daily 18 (27.3) 7(18.9) 11(37.9) 4(25)
A few times per week 34 (51.5) 19 (51.4) 15 (51.7) 8 (50)
A few times per month 10 (15.2) 7(18.9) 3(10.3) 2(125)
Once per month or less 4(6.2) 4(10.8) 0(0) 2(125)
Dementia severity, n (%)
>Moderate memory loss 144 (70.9) 73 (69.5) 71 (72.4) .76 26 (48.1) .002
>Usually doesnot recognize 87 (42.9) 42 (40) 45 (45.9) 40 24 (44.4) .88
close family members
>Moderatedifficulty making 143 (70.4) 73 (69.5) 70 (71.4) 88 30 (55.6) .05
decisions
Areawhere person with dementialives, n (%) .82 .16
Urban 63 (31) 32(30.5) 31(31.6) 24 (44.4)
Suburban 103 (50.7) 52 (49.5) 51 (52) 24 (44.4)
Rura 37(18.2) 21 (20) 16 (16.3) 6 (11.1)
Activities of person with dementia, n (%)
Livesin homewith firearm 45 (22.2) 27 (25.7) 18 (18.4) .24 34 (63) <.001
Drives acar 32 (15.8) 20 (19) 12 (12.2) 25 17 (31.5) .02
Spendstime alone at home 104 (51.2) 54 (51.4) 50 (51) >.99 34 (63) A7

Has ever had concernsthat the person with dementia might not be safe when performing the following (response: yes), n (%)

Having firearm access 49 (24.1) 24 (22.9) 25 (25.5) 74 26 (48.1) .001
Driving 98 (48.3) 52 (49.5) 46 (46.9) 78 33(61.1) 13
Having unsupervised access 165 (81.3) 88 (83.8) 77 (78.6) .37 30 (55.6) <.001
to items or areas at home

Number of firearms owned by person with dementia, n (%) .93 <.001
0 185 (91.1) 95 (90.5) 90 (91.8) 30 (55.6)
1 6(3) 3(2.9) 3(3.1) 15 (27.8)
2-5 12 (5.9) 7(6.7) 5(5.1) 5(9.3)
6 or more 0(0) 0(0) 0(0) 3(5.6)
Not sure/missing 0(0) 0(0) 0(0) 1(1.9)

Type of firearms owned by person with dementia (>1 response allowed)
Handgun, pistol, or revolver 13 (72.2) 6 (60) 7(87.5) 31 16 (66.7) .70
Rifle or long gun 7(38.9) 6 (60) 1(12.5) .07 7(29.2) .06
Shotgun 3(16.7) 1(10) 2(25) 56 10 (41.7) 13

&Counts may not add up to the totals due to missing data (ie, results for items with <5% of the data are not shown).

bsip: Safety in Dementia.

®The 6-item short version of the Zarit Caregiver Scale has Likert response options that range from 0 (never) to 4 (nearly always); higher cumulative
scores represent greater burden [16].
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Figure 1. Plots showing the distribution of scores for participants (A) preparation for decision-making and (B) decision self-efficacy. The results for
each randomized group are stratified by participants self-selected topic (phase 1: n=203). Barsrepresent the 25th and 75th percentiles. In the Preparation
for Decision Making Scale, higher scores represent greater preparedness. |n the Decision Self-Efficacy Scale, transformed scoresrange from O (extremely

low) to 100 (extremely high self-efficacy). SiD: Safety in Dementia.
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Table 2. Changesin stages of decision-making stratified by study phase (N=257).2

Stage of decision-making Phase 1

Control group (n=105), n (median
score; quartile, 3rd quartile)

Phase 2

sip® group (n=98), n (median score;
quartile, 3rd quartile)

SiD group (n=54), n (median
score; quartile, 3rd quartile)

Firearms (preintervention) 2(25; 18,32
2(45;4.2,4.8)

19 (3.0; 2.5, 6.0)

Firearms (postintervention)

Driving (preintervention)

Driving (postintervention) 22 (3.0; 3.0,5.8)
68 (4.0; 3.0,5.2)

71 (4.0; 3.0, 6.0)

Home safety (preintervention)

Home safety (postintervention)

8(3.0; 3.0, 6.0) 42 (4.0; 3.0, 5.0)
12 (3.0; 2.8, 3.2) 48 (3.0; 2.0, 4.2)
15 (4.0; 3.0, 5.0) _c

15 (3.0; 3.0, 5.0)
56 (5.0; 3.0, 6.0)
61 (5.0; 3.0, 5.0)

3Excludes missing data and those who answered “not an issue”
bsip: Safety in Dementia.
®Not available.

Usahility and acceptability were high across groups, including
both the SiD and control groups. The majority (137/203, 67.5%)
of participants spent between 5 and 10 minutes reviewing the
resources. Among those in phase 2, 61% (33/54) spent 5to 10
minutes viewing the firearm section, and 31% (17/54) spent 10
to 20 minutes viewing the firearm section. A participant wrote:

| think that the firearm material was very informative
and thorough. It gave good examples of real-life
situations and how to handle decisions base[ d] upon
many different perspectives (ex who owns gun) within
the household. | felt like it was a very good resource
to be ableto rely on.

https://formative.jmir.org/2021/9/€30990

RenderX

With regard to the firearm section, 51% (36/71) of those who
viewed it reported that it had the right amount of information,
83% (59/71) reported that most or all things were clear, 73%
(52/71) reported that it was somewhat or very helpful, and 82%
(58/71) reported that they would probably or definitely
recommend it to others facing similar decisions or questions.

Discussion

Principal Results

SiD represents the first publicly available decision aid that
addresses firearm access among peoplewith dementia[6]. This
trial demonstrated the feasibility of recruiting caregiversthrough
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MTurk and collecting efficacy outcome data. In the randomized
phase, the interactive aid—SiD—performed similarly to the
static Alzheimer’s Association materials in terms of its effects
on decision-making and decision self-efficacy. Users of both
resources may be more knowledgeable in and supportive of
decision-making than people who are not directed to aresource,
and this could be tested in future work. The phase 2 results
indicated that ADRD care partners were willing to engage with
thedecision aid, found it useful for making decisions, and would
recommend the resource to others.

The Veterans Health Administration has created guidance
memorandafor cliniciansonwhen and how to counsel veterans
with dementia (and their caregivers) about safe firearm practices
[4]. Some ADRD organizations have coordinated with firearm
retailers to provide temporary storage options for ADRD
caregivers who may need assistance in moving firearms from
their homes [17]. Although these organizations have provided
general guidance, SiD representsapractical tool for supporting
decision-making. It can be used as a stand-alone resource for
care providers, although it might also be integrated into
counseling provided by care providers in health care or aging
service organizations [18].

Quantitative and qualitative feedback resulted in the refinement
of SID. To make resources more accessible, we added a
downloadable summary in each section. We revised the language
to normalize the idea that solutions can take time and effort to
enact. Further improvements to website navigation and flow

Acknowledgments
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(ie, restructuring the website to clarify where certain content
was|ocated) were made via consultations with aweb devel oper.

Limitations

The limitations of this pilot study include the fact that
participants were predominantly non-Hispanic, White
individuals. Existing data indicate that firearm ownership and
suicide are more common among Whiteindividual sthan among
other racial and ethnic groups [19], but more diverse samples
could reveal differences among populations. SiD has now been
trandated into Spanish to allow for future testing and use among
broader populations. Further, M Turk participants may beamore
technologically savvy population, and this may have inflated
our results on the acceptability of aweb-based tool. Larger-scale
studies that examine effective dissemination strategies for
reaching diverse populations as well as the effect that SiD has
on key outcomes, such asinjuries and caregiver well-being, are
current research foci.

Conclusions

Our pilot trial results suggest that SID represents a practical,
interactive tool that is usable and acceptable among ADRD
caregivers. SID seeks to frame critical decision points and
present information in clear and digestible segments to make
decisions more manageable and, consequently, more likely to
be enacted [20]. Additional testing is needed to evaluate its
effects on behavior changes and outcomes among both
caregivers and people with dementia and to identify the best
methods for disseminating SiD to diverse populations affected
by ADRD.

We acknowledge theinsights of Deborah Azrael and the many study participants, including the many caregivers, for their dedicated
time and feedback during the development and implementation of Safety in Dementia. Funding for this research was provided
by the National Institutes of Health, National Institute of Mental Health, National Institute on Aging (grant R34MH113539-02S1).
The funding agency had no rolein the review or approval of this manuscript for publication.

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).

[PDFE File (Adobe PDF File), 1126 KB - formative v5i9e30990 appl.pdf ]

References

1.  GreeneE, Bornstein BH, Dietrich H. Granny, (don't) get your gun: competency issuesin gun ownership by older adults.
Behav Sci Law 2007;25(3):405-423. [doi: 10.1002/bsl.766] [Medline: 17559168]

2. Betz ME, McCourt AD, Vernick JS, Ranney ML, Wintemute GJ. Firearms and dementia. Ann Intern Med 2018 Nov
20;169(10):740 [FREE Full text] [doi: 10.7326/L 18-0523] [Medline: 30452572]

3. Firearm safety. Alzheimer's Association. URL : https.//www.alz.org/media/Documents/al zhei mers-dementi a-firearm-safety-ts.

pdf [accessed 2021-08-02]

4.  VHA Dementia Steering Committee recommendations for dementia care in the VHA Health Care System 2016. US

Department of Veterans Affairs. 2016. URL: https.//www.va.gov/GERIATRICS/docs/
VHA_DSC RECOMMENDATIONS SEPT_2016_9-12-16.pdf [accessed 2021-08-02]

https://formative.jmir.org/2021/9/€30990

JMIR Form Res 2021 | vol. 5 | iss. 9 |€30990 | p.249
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v5i9e30990_app1.pdf&filename=36f53bfe9ff03c565856f4d19822c81b.pdf
https://jmir.org/api/download?alt_name=formative_v5i9e30990_app1.pdf&filename=36f53bfe9ff03c565856f4d19822c81b.pdf
http://dx.doi.org/10.1002/bsl.766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17559168&dopt=Abstract
http://europepmc.org/abstract/MED/30452572
http://dx.doi.org/10.7326/L18-0523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30452572&dopt=Abstract
https://www.alz.org/media/Documents/alzheimers-dementia-firearm-safety-ts.pdf
https://www.alz.org/media/Documents/alzheimers-dementia-firearm-safety-ts.pdf
https://www.va.gov/GERIATRICS/docs/VHA_DSC_RECOMMENDATIONS_SEPT_2016_9-12-16.pdf
https://www.va.gov/GERIATRICS/docs/VHA_DSC_RECOMMENDATIONS_SEPT_2016_9-12-16.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Betz et al

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Betz ME, Azrael D, Johnson RL, Knoepke CE, Ranney ML, Wintemute GJ, et a. Views on firearm safety among caregivers
of people with Alzheimer disease and related dementias. JAMA Netw Open 2020 Jul 01;3(7):€207756 [FREE Full text]
[doi: 10.1001/jamanetworkopen.2020.7756] [Medline: 32667652]

Polzer ER, Nearing K, Knoepke CE, Matlock DD, Azrael D, Siry BJ, et al. " Safety in Dementia": Development of an online
caregiver tool for firearm, driving, and home safety. JAm Geriatr Soc 2020 Sep;68(9):2137-2139. [doi: 10.1111/jgs.16693]
[Medline: 32628279]

Safety in Dementia. URL : https.//web.archive.org/web/20210604214312/https.//saf etyindementia.org/ [accessed 2021-08-02]
Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, et a. Decision aids for people facing health treatment or
screening decisions. Cochrane Database Syst Rev 2017 Apr 12;4:CD001431 [FREE Full text] [doi:
10.1002/14651858.CD001431.pub5] [Medline: 28402085]

Paolacci G, Chandler J, Ipeirotis PG. Running experiments on Amazon Mechanical Turk. Judgm Decis Mak 2010
Aug;5(5):411-419 [FREE Full text]

Goodman JK, Cryder CE, Cheema A. Data collection in aflat world: The strengths and weaknesses of Mechanical Turk
samples. JBehav Decis Mak 2012 Apr 02;26(3):213-224. [doi: 10.1002/bdm.1753]

Stacey D, Légaré F, Boland L, LewisKB, Loiselle MC, Hoefel L, et al. 20th Anniversary Ottawa Decision Support
Framework: Part 3 Overview of Systematic Reviews and Updated Framework. Med Decis Making 2020 Apr
12;40(3):379-398. [doi: 10.1177/0272989X20911870] [Medline: 32428429

Bennett C, Graham ID, Kristjansson E, Kearing SA, Clay KF, O'Connor AM. Validation of a preparation for decision
making scale. Patient Educ Couns 2010 Jan;78(1):130-133. [doi: 10.1016/j.pec.2009.05.012] [Medline: 19560303]

O’ Connor AM. User manual — Decision Self-Efficacy Scale. OttawaHospital Research Institute. URL : https://decisionaid.
ohri.ca/docs/devel op/User ManualyUM_Decision SelfEfficacy.pdf [accessed 2020-09-15]

O’ Connor AM. User manual — Stage of Decision Making. Ottawa Hospital Research Institute. URL : https://decisionaid.
ohri.ca/docs/devel op/user_manuals'um_stage decision making.pdf [accessed 2021-08-02]

O’ Connor AM, Cranney A. User manual — Acceptability. Ottawa Hospital Research Institute. URL: https://decisionaid.
ohri.ca/docs/devel op/User ManualyUM_ A cceptability.pdf [accessed 2021-08-02]

Higginson 13, Gao W, Jackson D, Murray J, Harding R. Short-form Zarit Caregiver Burden Interviewswere valid in advanced
conditions. J Clin Epidemiol 2010 May;63(5):535-542. [doi: 10.1016/j.jclinepi.2009.06.014] [Medline: 19836205]

New: Gun safety program. Alzheimer’s San Diego. URL: https://www.al zsd.org/new-gun-safety-program/ [accessed
2021-08-02]

Doucette ML, Dayton H, Lapidus G, Borrup KT, Campbell BT. Firearms, dementia, and the clinician: Development of a
safety counseling protocol. JAm Geriatr Soc 2020 Sep;68(9):2128-2133. [doi: 10.1111/jgs.16450] [Medline: 32356587]
Azrael D, Hepburn L, Hemenway D, Miller M. The stock and flow of U.S. firearms: Results from the 2015 National
Firearms Survey. RSF 2017 Oct;3(5):38-57 [FREE Full text] [doi: 10.7758/rsf.2017.3.5.02]

Patel MS, Volpp KG, Asch DA. Nudge unitsto improve the delivery of health care. N Engl JMed 2018 Jan 18;378(3):214-216
[FREE Full text] [doi: 10.1056/NEJMp1712984] [Medline: 29342387]

Abbreviations

ADRD: Alzheimer disease and related dementias
M Turk: Amazon Mechanica Turk
SiD: Safety in Dementia

Edited by G Eysenbach; submitted 04.06.21; peer-reviewed by B Sry, D Maust; commentsto author 30.07.21; revised version received
03.08.21; accepted 03.08.21; published 22.09.21.

Please cite as:

Betz ME, Polzer E, Nearing K, Knoepke CE, Johnson RL, Meador L, Matlock DD

Feasibility and Acceptability of a Web-Based Caregiver Decision Aid (Safety in Dementia) for Firearm Access: Pilot Randomized
Controlled Trial

JMIR Form Res 2021;5(9):e30990

URL: https://formative.jmir.org/2021/9/€30990

doi:10.2196/30990

PMID: 34550082

©Marian E Betz, Evan Polzer, Kathryn Nearing, Christopher E Knoepke, Rachel L Johnson, Lauren Meador, Daniel D Matlock.
Originaly published in IMIR Formative Research (https://formative.jmir.org), 22.09.2021. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits

https://formative.jmir.org/2021/9/€30990 JMIR Form Res 2021 | vol. 5 | iss. 9 |€30990 | p.250

RenderX

(page number not for citation purposes)


https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.7756
http://dx.doi.org/10.1001/jamanetworkopen.2020.7756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32667652&dopt=Abstract
http://dx.doi.org/10.1111/jgs.16693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628279&dopt=Abstract
https://web.archive.org/web/20210604214312/https://safetyindementia.org/
http://europepmc.org/abstract/MED/28402085
http://dx.doi.org/10.1002/14651858.CD001431.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28402085&dopt=Abstract
https://poseidon01.ssrn.com/delivery.php?ID=447071097117026119010121116124085122033040063036031057022082083090121112018082126029045114020060007100109064003097000091071120122078037060059115031096084025027087107036079030006116086083126023113101084028118099084070095085022095117095094070001008125115&EXT=pdf&INDEX=TRUE
http://dx.doi.org/10.1002/bdm.1753
http://dx.doi.org/10.1177/0272989X20911870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32428429&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2009.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19560303&dopt=Abstract
https://decisionaid.ohri.ca/docs/develop/User_Manuals/UM_Decision_SelfEfficacy.pdf
https://decisionaid.ohri.ca/docs/develop/User_Manuals/UM_Decision_SelfEfficacy.pdf
https://decisionaid.ohri.ca/docs/develop/user_manuals/um_stage_decision_making.pdf
https://decisionaid.ohri.ca/docs/develop/user_manuals/um_stage_decision_making.pdf
https://decisionaid.ohri.ca/docs/develop/User_Manuals/UM_Acceptability.pdf
https://decisionaid.ohri.ca/docs/develop/User_Manuals/UM_Acceptability.pdf
http://dx.doi.org/10.1016/j.jclinepi.2009.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19836205&dopt=Abstract
https://www.alzsd.org/new-gun-safety-program/
http://dx.doi.org/10.1111/jgs.16450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32356587&dopt=Abstract
https://www.jstor.org/stable/10.7758/rsf.2017.3.5.02#metadata_info_tab_contents
http://dx.doi.org/10.7758/rsf.2017.3.5.02
http://europepmc.org/abstract/MED/29342387
http://dx.doi.org/10.1056/NEJMp1712984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29342387&dopt=Abstract
https://formative.jmir.org/2021/9/e30990
http://dx.doi.org/10.2196/30990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34550082&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Betz et al

unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Formative

Research, isproperly cited. The complete bibliographic information, alink to the original publication on https://formative.jmir.org,
aswell asthis copyright and license information must be included.

https:/formative.jmir.org/2021/9/€30990 JMIR Form Res 2021 | vol. 5 | iss. 9 [€30990 | p.251

(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH Der-Martirosian et a

Original Paper

Implementation of Telehealth Services at the US Department of
Veterans Affairs During the COVID-19 Pandemic: Mixed Methods
Study

Claudia Der-Martirosian?, PhD; Tamar Wyte-Lake', MPH, DPT; Michelle Balut', MPH; Karen Chu', MS; Leonie
Heyworth®**, MPH, MD; Lucinda Leung®®, MD, PhD; Boback Ziagian®®, MD, PhD; Sarah Tubbesing®’, MSc, MD:
Rashmi Mullur?®, MD; Aram Dobalian™®, MPH, JD, PhD

Iveterans Emergency Management Evaluation Center, US Department of Veterans Affairs, North Hills, CA, United States

2Center for the Study of Healthcare Innovation, Implementation & Policy, Veterans Affairs Greater Los Angeles Healthcare System, Los Angeles, CA,
United States

30ffice of Connected Care/Telehealth Services, Veterans Health Administration, Washington, DC, United States
4Department of Medicine, University of California San Diego School of Medicine, San Diego, CA, United States

SDivision of General Internal Medicine-Health Services Research, David Geffen School of Medicine, University of CaliforniaLos Angeles, LosAngeles,
CA, United States

®Division of Cardiol ogy, David Geffen School of Medicine, University of CaliforniaLos Angeles, Los Angeles, CA, United States
7Department of Medicine, David Geffen School of Medicine, University of CaliforniaLos Angeles, Los Angeles, CA, United States

8Djvision of Diabetes, Endocrinology & Metabolism, David Geffen School of Medicine, University of CaliforniaLos Angeles, LosAngeles, CA, United
States

9Division of Hedlth Systems Management and Policy, School of Public Health, University of Memphis, Memphis, TN, United States

Corresponding Author:

Claudia Der-Martirosian, PhD

Veterans Emergency Management Evaluation Center
US Department of Veterans Affairs

16111 Plummer St MS-152

North Hills, CA, 91343

United States

Phone: 1 818 891 7711 ext 36124

Email: claudia.der-martirosian@va.gov

Abstract

Background: At the onset of the COVID-19 pandemic, there was a rapid increase in the use of telehealth services at the US
Department of Veterans Affairs (VA), which was accelerated by state and local policies mandating stay-at-home orders and
restricting nonurgent in-person appointments. Even though the VA was an early adopter of telehealth in the late 1990s, the vast
majority of VA outpatient care continued to be face-to-face visits through February 2020.

Objective: We compared telehealth service use at a VA Medical Center, Greater Los Angeles across 3 clinics (primary care
[PC], cardiology, and home-based primary care [HBPC]) 12 months before and 12 months after the onset of COVID-19 (March
2020).

Methods: We used a parallel mixed methods approach including simultaneous quantitative and qualitative approaches. The
distribution of monthly outpatient and telehealth visits, as well as telephone and VA Video Connect encounters were examined
for each clinic. Semistructured telephone interviews were conducted with 34 staff involved in telehealth services within PC,
cardiology, and HBPC during COVID-19. All audiotaped interviews were transcribed and analyzed by identifying key themes.

Results: Prior to COVID-19, telehealth use was minimal at all 3 clinics, but at the onset of COVID-19, telehealth use increased
substantially at all 3 clinics. Telephone was the main modality of patient choice. Compared with PC and cardiol ogy, video-based
care had the greatest increasein HBPC. Several important barriers (multiple stepsfor videoconferencing, creation of new scheduling
grids, and limited accessto theinternet and internet-connected devices) and facilitators (flexibility in using different video-capable
platforms, technical support for patients, identification of staff telehealth champions, and development of workflows to help
incorporate telehealth into treatment plans) were noted.
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Conclusions: Technological issues must be addressed at the forefront of telehealth evolution to achieve access for all patient
populations with different socioeconomic backgrounds, living situations and locations, and health conditions. The unprecedented
expansion of telehealth during COV1D-19 provides opportunities to create lasting telehealth solutions to improve access to care

beyond the pandemic.

(IMIR Form Res 2021;5(9):€29429) doi:10.2196/29429

KEYWORDS

telehealth; telemedicine; veterans; US Department of Veterans Affairs; primary care; cardiology; home-based primary care;

COovID-19

Introduction

At the onset of the COVID-19 pandemic, there was a rapid
increase in the use of telehealth services at the US Department
of Veterans Affairs (VA) [1,2], which was accelerated by state
and local policies mandating stay-at-home ordersand restricting
nonurgent in-person appointments. Even though the VA was
an early adopter of telehealth in thelate 1990s, the vast majority
of VA outpatient care continued to be face-to-face visitsthrough
February 2020 [1]. To provide safe and effective access to care
amid the COVID-19 pandemic, many VA sites and health care
providers across the nation switched from conventional
face-to-face outpatient visits to virtual encounters practically
overnight.

Previous VA and non-VA telehealth studies have examined
telehealth use and outcomes in situations where patients and
clinicians had a choice between virtual and in-person services
[3-10]. With the onset of COVID-19, however, the use of
telehealth quickly became anecessity rather than achoice. This
rapid expansion of various modalities at VA sites across the
nation has provided new opportunities for research both within
and outside of the VA [2,11-18]. Currently, thereisagap in the
literature regarding telehealth adoption and implementation
during the COVID-19 era, especially across various specialty
clinics.

VA medical centers (VAMCs) house avariety of clinics, which
canall vary intheir structures and processes. This study focused
on the use of telehealth services at 3 distinct clinics (primary
care [PC], cardiology, and home-based primary care [HBPC])
at a VAMC, VA Greater Los Angeles, California (GLA), and
associated community-based outpatient clinics (CBOCs). PC
isagateway to all other caretypesin the VA, and veteransrely
on it for the management of both acute and chronic conditions.
Cardiology manages highly acute and medicaly complex
patients, who might be at high risk for hospitalization. HBPC
has both ahighly vulnerable popul ation and a unique framework
for supporting patients in their homes [19,20].

The main objective of this study was to compare the use and
rapid uptake of telehealth servicesin ahealth care system across
3clinics (PC, cardiology, and HBPC) 12 months before and 12
months after the onset of COVID-19. The quantitative analysis
provides an overview of the expansion of virtual care services
at each clinic during the 1-year COVID-19 period. The
qualitative analysis illustrates the barriers and facilitators to
achieving rapid implementation of telehealth services during

https://formative.jmir.org/2021/9/e29429

and immediately after the onset of COVID-19 across the 3
clinics.

Methods

For this study, a parallel mixed methods approach was used
where quantitative data management/analyses and qualitative
data collection/analyses were conducted simultaneously. For
the quantitative portion, VA administrative and clinical data
from the VA Corporate Data Warehouse were used. Outpatient
visits were identified as either telehealth or nontelehealth
in-person encounters. Even though telephone care at the VA is
not considered synchronous tel emedi cine according to national
guidance, sincethe VA alowsfor telephone and tel ehealth care
to be reimbursed at the same rate as face-to-face care during
COVID-19, telehealth is defined for the purposes of this study
as direct patient care over a distance, regardless of what type
of modality is used [21], telephone or video. Asynchronous
telehealth and remote patient monitoring were not included in
this definition of telehealth.

Based on input from the project’s clinical coinvestigators,
guidance from the telemedicine outpatient protocols, and
previously published work, “telehealth” and “in-person” visits
were identified by filtering the patient encounter data on clinic
codes, location names (tele vs nontele visit), and current
procedura terminology (CPT) codes. Clinic codes are 3-digit
numeric identifiersthat correspond to the work group primarily
responsiblefor providing aclinical service during an outpatient
encounter. A CPT codeisa5-character numeric or aphanumeric
code that is assigned to every task and service provided to a
patient during an encounter, some of which correspond to
telehealth services. Location names represent geographic
location and clinic grid names, which hel p to determine whether
itisatelehealth visit or in-person visit.

For each clinic/program (PC, cardiology, and HBPC), adistinct
study cohort was identified. Veterans were included in aclinic
cohort if they had at least one visit to the clinic 1 year prior to
March 1, 2020. The PC study cohort included 64,361 patients
(299,881 visits) 12 months before COVID-19 and 48,729
patients (247,849 visits) 12 months after the onset of COVID-19.
The corresponding numbers for cardiology were 5527 patients
(14,229 visits) and 3690 patients (10,800 visits), and for HBPC
were 240 patients (4102 visits) and 162 patients (3929 visits)
(Multimedia Appendix 1).

For the analysis, the total number of monthly outpatient and
telehealth visits 12 months before (March 1, 2019, through
February 28, 2020) and 12 months after the onset of COVID
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(March 1, 2020, through March 1, 2021) were calculated for
each clinic (PC, cardiology, and HBPC). For this study, VA
Video Connect (VVC) includes a videoconferencing app
approved by the VA that hel ps connect veteranswith their health
care providers viaa secure and private session, aswell as other
non-VV C video technol ogies such as Doximity and FaceTime.

For the qualitative portion, semistructured 30-minute telephone
interviews were conducted with 34 GLA staff members who
were involved in providing or supporting telehealth services
within PC, cardiology, and HBPC during the COVID-19
pandemic. Respondents included 18 clinical providers
(physicians, nurse practitioners, registered nurse care managers,
and clinical fellows), 8 ancillary providers (social workers,
psychologists, dieticians, pharmacists, and occupational
therapists), 5 nurse managers, and 3 Health Administration
Service leaders.

All telephone interviews were conducted by two to three
members of the research team from July to October 2020. The
interview guide, which was developed with guidance from the
clinical coinvestigators queried respondents about (1) facility
and clinic preparedness policies and procedures on thetransition
to telehealth; (2) types of support received when transitioning
to telehealth; (3) how telehealth appointments were scheduled,
tracked, and coded; (4) types of modalities of telehealth delivery
used; and (5) types of facilitators and barriers experienced during
telehealth implementation.

All interviews were audio recorded and transcribed. The study
team utilized a rapid analysis approach, which produces
effective, contextually rich, valid, and timely results [22,23] to
analyze the interview transcripts and prepare the dissemination
of findings. The first analytic step involved developing a
templated summary table of key domains based on theinterview
guide. The draft summary table was reviewed and modified
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after being tested by the analytic team with a single transcript.
Using the updated templated summary table, which reflected
additional domains that emerged from the data in the initial
collective analysis, all transcripts were divided and
independently summarized by the study team members. Then,
each team member conducted a randomized secondary review
of five to six summaries and discussed discrepancies with the
team to ensure consistency in the data being recorded. The
second analytic step involved consolidating the summariesinto
3 high-level summary documents (1 for each clinic) to identify
key points and commonly occurring themes across all
interviews. Clinical coinvestigators, who represented lead
positions from each of the 3 clinics, discussed and confirmed
the identified themes and their value to future telehealth
implementation efforts. This study was approved by the VA
GLA Institutional Review Board.

Results

Overview

There was a shift in outpatient services, where the volume of
all outpatient visits after the onset of COVID-19 decreased for
all 3clinics(PC, —17.4%; cardiology, —24.1%; HBPC, -4.2%).
In terms of unique patients, the number of patients who accessed
outpatient services at al 3 clinics 12 months before compared
to 12 months after the onset of COVID-19 also decreased (PC,
—-24.3%; cardiology, —33.2%; HBPC, —-32.5%; Multimedia
Appendix 1).

Figure 1 displays the summary from the qualitative analysis.
The following 3 main themes emerged regarding the transition
to telehealth services: (1) telehealth expansion, (2) telehealth
scheduling, and (3) tel ehealth modalities. Within each of these
themes, respondents identified key barriers and facilitators to
the rapid implementation of telehealth.
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Figurel. Implementation of telehealth at Veterans Affairs Greater Los Angeles, Californiaduring COVID-19. Appts. appointments; HBPC: home-based
primary care; PACT: patient aligned care team; PC: primary care; TH: telehealth; TMS: talent management system; VA: US Department of Veterans

Affairs, VVC: US Department of Veterans Affairs Video Connect.

Telehealth Expansion

Telehealth Scheduling

Telehealth Modalities

All Clinics: Leadership from each clinic me\
[ independently to discuss strategies for the

transition. Staff called patients to convert all

non-essential scheduled appts to tele-visits.

Providers had taken VVC training courses on

TMS, and many tock the courses again at

the onset of COVID. TH champions were

identified & assisted with transition.

Transition to TH required providers to

engage in more administrative activities.

PC: Majarity of PC providers had experience
providing care over the phone for follow-
ups & medication management prior to
COVID. Processes & timeline for TH

implementation directed by facility
leadership & Chief of Cardiology.

HBPC: Timeline for telehealth
implementation aligned to directive from

ﬁﬂinics: Pre-COVID: only in-person \
scheduling grid for each provider. Early

pandemic period: Had to create new
scheduling tele-visit grids (phone &
video) for each provider. If tele-grid
wasn't yet created, deferred to in-
person grid with a note in comment
section to indicate tele-visit. PC was
prioritized for creation of new tele-grids.
PC & Cardio had issues with double- or
triple-booked appts.

PC: Closer relationship between
providers and scheduling clerk. Some
scheduling challenges, but not a major

implementation varied by PACT team. barrier. on a multitude of factors:
o . o * Patient preference
Cardio: Timeline for telehealth Cardio: Frequent miscommunication «+ Patient’s access to

between providers and clerks. Delay in
creation of new tele-grids;
Scheduling was a major barrier.

HBPC: Providers schedule their own

the National Geriatrics and Extended Care patients. Scheduling was not a major
wice. / Qarr]er.

AI Clinics: Telephone was the \

main modality; Many patients
preferred telephone over video;
Initially, VVC was not as user
friendly as Doximity or FaceTime,
which were both authorized for
use at the VA; Subsequently, VA
addressed VVCinterface
structural issues to make it more
user friendly.

- June 2020: providers started to
see more patients in-person.

- Choice of modality was based

technology, and camera-
enabled device, internet

connectivity

Telehealth Expansion

Figures 2-4 illustrate the total number of monthly outpatient
and telehealth encounters for PC, cardiology, and HBPC 12
months before (March 1, 2019, through February 28, 2020) and
12 months after the onset of COVID-19 (March 1, 2020, through
March 1, 2021) at GLA. The findings indicate that before the
onset of COVID-19, for al 3 clinics, teleheath use varied
between 4116 and 4849 for PC (Figure 2), 77 and 139 for

« Type of service/visit

* Patient’s safety
cardiology (Figure 3), and 44 and 91 for HBPC (Figure 4). At
the onset of COVID (during March 2020), telehedlth use
increased substantially after the onset of COV1D-19 and reached
its peak at 15,480 for PC in May 2020. For cardiology and
HBPC, the peak was 654 telehealth visits (July 2020) and 289
telehealth visits (May 2020), respectively. Starting in August
2020, the use of telehealth services for al 3 clinics started to
decline dlightly, but never reached pre-COVID-19 levelsduring
the 12 months after the onset of COVID-19 (Figures 2-4).

Figure 2. Total number of outpatient encountersin primary care at Veterans Affairs Greater Los Angeles, California (March 1, 2019, through March
1, 2021) by the care delivery method. VV C: US Department of Veterans Affairs Video Connect.
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Figure 3. Total number of outpatient encountersin cardiology at Veterans Affairs Greater Los Angeles, California (March 1, 2019, through March 1,
2021) by the care delivery method. VV C: US Department of Veterans Affairs Video Connect.
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Figure 4. Total number of outpatient visits in home-based primary care at Veterans Affairs Greater Los Angeles, California (March 1, 2019, through
March 1, 2021) by the care delivery method. VV C: US Department of Veterans Affairs Video Connect.
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According to our qualitative findings, all study respondents
indicated that the rapid transition to telehealth was driven by
the dual declarations of the VAMC suspending all nonurgent
procedures on March 17, 2020, and the Governor of California
declaring a state of emergency and issuing a stay home order
on March 19, 2020. VA leadership at all 3 major levels (the
local medical facility level, regional Veterans Integrated Service
Networks, and VA National Office) pushed for the rapid switch
to telehealth. Even though all clinics were instructed to mirror
their face-to-face gridswith telehedth services, therewereissues
on how to actualize the implementation, so the processes of
transitioning patients from face-to-face visits to virtua visits
varied by clinic. Leadership from each clinic met independently
to discuss strategies for the transition. As an example, the
processes and timeline of the transition to telehealth varied by
the PC team. One member commented as follows:
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I remember talking to my colleagues about are we
overreacting, should we be moving to in-person?
...everything was coming out in the news and we
weren't 