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Abstract

Background: Mobile apps for mental health are available on the market. Although they seem to be promising for improving
the accessibility of mental health care, little is known about their acceptance, design methodology, evaluation, and integration
into psychotherapy protocols. This makes it difficult for health care professionals to judge whether these apps may help them
and their patients.

Objective: Our aimisto describe and evaluate a protocol for the participatory design of mobile apps for mental health. In this
study, participants and psychotherapists are engaged in the early phases of the design and development of the app empowered
by conversational artificial intelligence (Al). The app supports interventions for stress management training based on cognitive
behavioral theory.

Methods: A total of 21 participants aged 33-61 years with mild to moderate levels of stress, anxiety, and depression (assessed
by administering the Italian versions of the Symptom Checklist-90-Revised, Occupational Stress Indicator, and Perceived Stress
Scale) were assigned randomly to 2 groups, A and B. Both groups received stress management training sessions along with
cognitive behavioral treatment, but only participants assigned to group A received support through a mobile personal health care
agent, designed for mental care and empowered by Al techniques. Psychopathological outcomes were assessed at baseline (T1),
after 8 weeks of treatment (T2), and 3 months after treatment (T3). Focus groups with psychotherapists who administered the
therapy were held after treatment to collect their impressions and suggestions.

Results: Although the intergroup statistical analysis showed that group B participants could rely on better coping strategies,
group A participants reported significant improvementsin obsessivity and compulsivity and positive distress symptom assessment.
The psychotherapists' acceptance of the protocol was good. In particular, they were in favor of integrating an Al-based mental
health app into their practice because they could appreciate the increased engagement of patientsin pursuing their therapy goals.

Conclusions: The integration into practice of an Al-based mobile app for mental health was shown to be acceptable to both
mental health professionals and users. Although it was not possible in this experiment to show that the integration of Al-based
conversational technologies into traditional remote psychotherapy significantly decreased the participants’ levels of stress and
anxiety, the experimental results showed significant trends of reduction of symptomsin group A and their persistence over time.
The mental health professionals involved in the experiment reported interest in, and acceptance of, the proposed technology as
apromising tool to be included in a blended model of psychotherapy.

(IMIR Form Res 2021;5(12):€30053) doi:10.2196/30053
KEYWORDS
mental health care; conversational Al; mHealth; personal health care agents; participatory design; psychotherapy
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Introduction

Background

During the past 10 years, amultitude of mental health appshave
been made available in the market [1,2]. Their functionalities
range from (1) delivering questionnaires for mood
self-monitoring [3,4] and (2) providing recommendations for
emotion regulation [5] to (3) engaging users in rule-based
interactions [6], sometimes with the support of web-based
scripted dialogs [7]. As the requirement for mental health
services is widespread [8] and with the current COVID-19
pandemic creating a spike in demand (as stated by the World
Health Organization surveyson October 10, 2020[9,10]), there
is a greater awareness of these apps among mental health
professionals[11,12]. However, thereislittle consensus on the
usability and effectiveness of such systems [13]. Some
independent research studies observed that often there is poor
engagement from patients in continuing to use the apps after a
few attempts[1]; others report concerns from the point of view
of security, privacy, and ethical implications [14,15].

An increasing number of review papers have studied the use of
chatbots in mental health. Chatbots are an evolution of
internet-mediated psychological interventions. Although the
latter were developed for supporting psychological care by
prescriptive models, chatbots aim to engage users in short
conversations about their mental distress. In the mental health
domain, chatbots are often based on scripted or Eliza-style
dialogs[6,16]. Bendig et al [17] have analyzed the results from
10 pilot studies published between 2009 and 2018. The goal of
these pilots was to assess user acceptance and effectiveness of
the therapeutic recommendations, but many of them mostly
included nonclinical samples. The meta-analysis by Bendig et
al [17] supports the view that state-of-the-art mental health
chatbots are till experimental and that little evidence for
transferring results to real psychotherapy contextsis available.
In addition, Lim and Penn [18], who studied the potential of
the application of digital technology in schizophrenia therapy,
have stressed the need for reliable data, and the recent review
by Gaffney et al [19] has highlighted the need for relying on
unbiased data. However, Gaffney et al [19] have also stressed
the importance of focusing current research in thisfield on the
identification of the key mechanisms of action of the
conversational agent interventions. Thisis very important, and
in our view this aspect may be improved by meeting 2
requirements; that is, on the one hand by basing the interaction
model of conversational agents on principled theoretical
explanations of psychological change and on the other hand by
involving mental health professionals in the design studies of
blended interventions. This paper takes both recommendations
into careful consideration.

Objective
It should be noted that in the crowded landscape of mental health
apps, there is a lack of principled protocols for developing

personal agent—driven mental health interventions. Moreover,
the involvement of mental health professionalsin the design of

https://formative.jmir.org/2021/12/€30053
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the apps is amost missing, both in the phase of setting the
requirements and in the evaluation of outcomes.

In this paper, we describe the protocol we are applying to
develop Therapy Empowerment Opportunity or TEO, amabile
personal health care agent (m-PHA) for mental health whose
goa is to support patients dealing with the perception of
augmented levels of stress and anxiety related to problems in
their workplace. In particular, the goal of our research isto test
a protocol for investigating the opportunity offered by the
integration of artificial intelligence (Al)—enabled conversational
technol ogy into aprotocolized model of psychological treatment
of work-related stresswith the aim of increasing persona coping
resources. Although different psychological approaches to the
treatment of stress and anxiety offer important insightsinto the
roots of burnout and work-rel ated stress, for exampl e, individual
psychology [20] and different declinations of psychodynamic
theory [21,22], we chose to integrate the m-PHA support into
a protocol for the prevention and treatment of work-related
stress based on cognitive behavioral theory (stress management
training [SMT] and cognitive behavioral therapy [CBT]).

CBT isbased on the cognitive theory concept that psychological
distress is maintained by internal (cognitive) factors and
activated by external factors. Emotional distressand maladaptive
behavioral reactions are caused by maladaptive cognitions
[23,24]. Changing cognitions and thoughts can help to reduce
symptoms [25]. The effectiveness of these treatments has been
proved in several studies: 4 meta-analyses showed how CBT
performed better than the other interventions in the treatment
of occupational stress [25].

SMT programs are widely used for therapeutic purposes, with
proven effectiveness. These programs combine specific
techniques such asrelaxation with CBT. Thisapproach considers
stress to be the imbal ance between strong demands (external or
internal) and few individual coping resources. Thegoal of SMT
interventionsisto reduce theintensity of demands and increase
coping resources[26]. Thedelivery of SMT interventionswithin
the framework of cognitive behaviora principles has been
shown to be effective for managing psychological distress
related to work [27].

The approach is novel because it ams to (1) design the
conversational features of the m-PHA to allow a natural and
personal conversation and (2) alow the therapist to monitor
patients progress and difficulties during the time between a
session and the one that follows. For this purpose, the m-PHA
engages the patientsin short conversations that are not scripted
but are based on the recognition of their emotional state and on
the understanding of the persona content written during the
period of theintervention. For example, if the user reportsissues
in their relationship with colleagues—“Today was a bad day
because my boss asked me to complete my assignment before
the conveyed deadline’—the m-PHA asks contextually
appropriate questions such as “You wrote that you had a bad
day with your boss dueto hisrequest to finish atask in advance
of the agreed time. What emotions did you have, what mental
images and thoughts?’ Figure 1 representsthe information flow
in the system architecture.
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Figure 1. Theinformation flow in the proposed approach. The patients interact with the mobile personal health care agent (m-PHA) to share personal
recollections of their life events. The therapists supervise theinteraction of the m-PHA with the patients and elaborate on the patients’ personal narratives
during the therapy session. ABC: antecedents, beliefs, and consequences; m-PHA: mobile personal health care agent.

Personal life events

ABC-driven Conversation
with m-PHA

~.
\

Alice: We were invited to go to dinner out

with some collaagues in the city canter

PHA: What did yau think of? What went
through your mind?

activate patients'
emotional state

The patients

situations, and emotions by engaging
in ABC-driven conversation.

recollect events,

Alice: It was very tansa. The idea of
spending 3 hours with evaryone there.

PHA: What emations did you feal?
Where did you feel them physically?

Alige: | folt stressed. | felt it in my chest.

The therapists provide support about the
events mentioned during the therapy session
as well as the notes and recollections.

The therapists supervise the m-PHA interactions
with the patients while collecting the patients'
notes and recollections.

Therapist

A group of CBT therapists was involved in the process of
designing this protocol as they provided information for
identifying the variables that could be more suggestive of
possible effectiveness of the approach. On the basis of these
preliminary investigations, we set our research questions about
the effectiveness (in terms of symptom reduction) of the joint
use of psychotherapy and m-PHA, its possible persistence over
time, and the acceptance of thisintegrated model by users and
clinicians. The study is part of the European Union—funded
Horizon 2020 research project COADAPT, whose aim is to

https://formative.jmir.org/2021/12/€30053
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develop methodologies to reduce work-related stress in aging
workers.

Methods

The protocol and experimental plan were approved by the ethical
committee of the University of Trento in Trento, Italy. The
methodology of the intervention is described below and
summarized in the CONSORT (Consolidated Standards of
Reporting Trials) diagram (Figure 2).
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Figure 2. The CONSORT (Consolidated Standards of Reporting Trias) diagram shows the flow of the intervention, the enrollment of participants,
their allocation to treatment, follow-up, and analysis. CBT: cognitive behaviora therapy; m-PHA: mobile personal health care agent; SMT: stress
management training; T3: assessment of psychopathological outcomes 3 months after treatment.

[ Enrollment J

Assessed for eligibility (n=29)

Excluded (n=8)
+ Not meeting inclusion criteria (n=7)
+ Declined to participate (n=1)

h 4

Randomized (n= 21)

Group A

l Group B

' [
k-

Allocation ] 4

Allocated to SMT-CBT & PHA intervention (n=11)
+ Received allocated intervention (n=11)
+ Did not receive allocated intervention (n=0)

Allocated to SMT-CBT intervention (n=10)
+ Received allocated intervention (n=10)
+ Did not receive allocated intervention (n=0)

[ Follow-Up } ¥

Lost to follow-up at T3, SMT-CBT & PHA
intervention (subjects did not respond to the third
questionnaire) (n=2)

Discontinued Intervention (n=0)

Lost to follow-up at T3, SMT-CBT intervention
(subjects did not respond to the third
questionnaire) (n=4)

Discontinued Intervention (n=0)

¥ [
A

Analvsis ] L4

S

Analysed, SMT-CBT & PHA intervention (n=11)
+ Excluded from analysis (n=0)

Recruitment

The study participantswererecruited in Italy from aging workers
who showed mild to high levels of distress or mild to moderate
levels of anxiety and depression. The modalities for being
enrolled in the study were described at psychoeducational
seminars about work-related stress. A total of 160 workers
participated in the seminars that were held at their workplace,
of whom 64 (40%) showed interest in participating in the phases
tofollow of the protocol. Of these 64 workers, 29 (45%) decided
to sign the informed consent forms and to undergo assessment
of their levels of stress, anxiety, depression, and degree of
well-being at their workplace. To select the participants, we
administered the questionnaires described in the next paragraph.
In addition, the participants tested negative for signs of mild
cognitive impairment on the basis of the Montreal Cognitive
Assessment (MoCA). The exclusion criteria included the
presence of severe depression (Symptom Checklist-90-Revised
[SCL-90-R] score >64), underlying psychiatric conditions, and
neuropsychological mild impairment (MoCA score <26).

https://formative.jmir.org/2021/12/€30053
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Analysed, SMT-CBT intervention (n=10)
+ Excluded from analysis (n=0)

Description of the Questionnairesfor Initial and Final
Assessment

The tests used for the initial assessment (T1) were the Italian
versions of the SCL-90-R [28,29], the Perceived Stress Scale
(PSS) [30,31], and the Occupational Stress Indicator (OSI)
[32,33]. The SCL-90-R is a 90-item self-administered
guestionnaire that assesses a broad spectrum of psychological
problems and psychopathological symptoms, measuring both
internalizing symptoms (depression, somatization, and anxiety)
and externalizing symptoms (aggression, hostility, and
impulsivity). The questionnaire assesses 9 primary symptom
dimensions. somatization, obsessiveness-compulsiveness,
interpersonal hypersensitivity, depression, anxiety, hostility,
phobic anxiety, paranoid ideation, and psychoticism. There are
3 globa indexes: Global Severity Index (GSl), Positive
Symptom Total (PST), and Positive Symptom Distress Index
(PSDI). The PSS is a widely adopted questionnaire for the
measurement of psychological stress. It is a self-reported
guestionnaire that was designed to assess “the degree to which
individuals appraise situations in their lives as stressful” [30].
The OSl isatest for the wide-ranging detection of psychosocial
stress in organizations. The different sections that make up the
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test detect the causes of perceived stress, their consequences,
and individual coping resources. A further element detected by
theinstrument isthe evaluation of some personal characteristics
that, more than other characteristics, can promote stress. The
Italian version of the MoCA was administered for ng the
absence of mild cognitive impairment [34].

Protocol

Inall, 8 psychotherapy sessionswith CBT therapists were held
through videoconference on a weekly basis. During the first
session, the patientswereinvited to usethem-PHA to complete
the assignments they received during the sessions, which
included the writing of ABC (antecedents, beliefs, and
consequences) notes.

The ABC techniqueisused in CBT to make individuals avare
of their thoughts and to help them understand the link among
events (antecedents), thoughts (beliefs), and emotions and
behaviors (consequences). The technique increases
understanding of nonfunctional behaviors and irrational or
dysfunctional beliefs. The ABC technique was initialy
introduced by Ellis [24] and subsequently taken up by Beck
[23]. The basic theory is that it is not events (A) that directly
generate certain emotions but how these events are cognitively
processed and evaluated and how irrational or dysfunctional
beliefs (B) influence this processing [35-37].

In this protocol, the m-PHA conversed with the users to give
names to the emotions they felt, to recognize their physical
manifestations, and to localize them in some part of their bodies.
In addition, it could provide suggestions for doing relaxation

Table 1. Sample characteristics (N=21).

Danieli et &

exercises. At the end of the psychotherapy treatment (T2), the
participants received the same questionnaires submitted at T1,
with the exclusion of the neuropsychol ogical assessment. After
3 months, the study participants were contacted again for the
third assessment (T3). At the end of the intervention, the
psychotherapists involved in the experiment were engaged in
afocus group to collect their opinions about the feasibility of
integrating the m-PHA into the SMT-CBT protocol they apply
with their patients.

Participants

Sample characteristics are described in Table 1. A total of 29
potential participants were examined, and 21 (72%) were
recruited and distributed into 2 experimental groups: group A
received SMT-CBT treatment and the opportunity to use the
m-PHA, whereas group B received only the SMT-CBT
treatment. Of the 21 participants, 11 (52%) were assigned to
group A and 10 (48%) to group B. On average, group A
participants were aged 46.9 (SD 5.89) yearsand had 22.18 (SD
8.06) years of work experience, whereas group B participants
were aged 48.7 (SD 10.21) years and had 25.30 (SD 11.59)
years of work experience. Assigning participants to a control
group was not planned in this experiment because the total
number of participants we targeted was small and the goal of
this study was to assess acceptability of the blended model of
psychotherapy and the possibility of psychotherapistsincluding
an Al-enabled app in their work with patients. On the basis of
the results of this study, we have planned and designed further
experiments (currently running) in which asubset of participants
has been assigned to a control group.

Characteristic Values
Age (years), mean (SD) 47.76 (8.07)
Gender, n (%)

Mae 4(19)

Female 17 (81)
Groups, n (%)

Group A 11 (52)

Group B 10 (48)
Formal education, n (%)

High school 7 (33

Degree 10 (48)

Master’s degree or PhD? 4(19)
Marital status, n (%)

Single 3(14)

Cohabiting 4(19)

Married 13 (62)

Separated 1(9

3phD: Doctor of Philosophy.
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Statistical Analysis

Statistical analysiswas performed using nonparametric statistics
for ordinal data. In addition, by following the suggestions made
by an anonymous reviewer and by Sullivan and Artino [38], a
parametric independent 2-tailed t test analysis of data was
performed.

The nonparametric datistical analysis  applied the
Mann-Whitney test to assess the differences between group A
and group B for the results reported in the SCL-90-R, OSl, and
PSS tests. Nonparametric within-group differences were
assessed by applying the Friedman test. Wilcoxon tests were
used to follow up the within-group findings.

https://formative.jmir.org/2021/12/€30053
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Results

Parametric Data Analysis

Overview

Parametric data analysis (independent t test) was performed on
the collected data by comparing the differences between groups
A and B with respect to the results obtained in the SCL-90-R,
PSS (Table 2), and OSI (Table 3) questionnairesat T1, T2, and
T3. For the OSl test, we only considered the scales regarding
coping strategies such ashome-work relationship, social support,
logic, task oriented, involvement, and time.
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Table2. Parametric analysis of differences between group A (n=11) and group B (n=10) at baseline (T1), after 8 weeks of treatment (T2), and 3 months
after treatment (T3): Perceived Stress Scale (PSS) and Symptom Checklist-90-Revised tests.

Scale Group A, mean (SD) Group B, mean (SD) t test (df) P value
PSS

T1 22.09 (2.21) 20.40 (6.83) 0.75 (10.7) 47

T2 16.55 (5.45) 14.80 (5.45) 0.73(19) A7

T3 18(7.32) 10.29 (6.63) 222 (15) .04
GsI?

T1 60.36 (6.82) 55.70 (7.92) 1.45 (19) 16

T2 55.82 (6.82) 49.00 (8.60) 2.02 (19) .06

T3 53.89 (8.71) 47.00 (6.13) 1.67 (13) 12
psTP

T1 62.82 (6.81) 58.20 (9.66) 1.28 (19) 22

T2 60.73 (10.38) 51.00 (12.13) 1.98(19) .06

T3 57.00 (8.02) 48.83 (7.76) 1.96 (13) .07
PSDI ¢

T1 53.82 (5.64) 51.00 (8.01) 0.94 (19) 36

T2 48.91 (4.57) 47.80 (5.31) 0.51 (19) 61

T3 49.00 (6.04) 45.17 (4.21) 1.34(13) 20
Somatization

T1 52.64 (7.45) 50.40 (8.51) 0.64 (19) 53

T2 49.64 (6.45) 4750 (9.19) 0.62 (19) 54

T3 48.78 (7.17) 46.17 (9.56) 0.61 (13) 56
Obsessiveness-compulsiveness

T1 62.55 (8.95) 51.30 (7.63) 3.08 (19) .006

T2 56.55 (8.78) 48.20 (9.78) 2.06 (19) .05

T3 55.11 (8.04) 48.17 (7.52) 1.68 (13) 12
Depression

T1 63.27 (8.86) 57.80 (8.59) 1.43 (19) A7

T2 57.36 (9.29) 51.70 (8.41) 1.46 (19) 16

T3 57.44 (11.90) 47.33(6.83) 1.87 (13) .08
Anxiety

T1 57.55 (10.21) 56.50 (9.17) 0.25 (19) 81

T2 59.27 (9.09) 49.60 (6.15) 2.82(19) 01

T3 53.00 (6.67) 48.33 (3.50) 1.56 (13) 14

8GS|: Global Severity Index.
bPST: Positive Symptom Total.
®PSDI: Positive Symptom Distress | ndex.
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Table3. Parametric analysis of differences between group A (n=11) and group B (n=10) at baseline (T1), after 8 weeks of treatment (T2), and 3 months

after treatment (T3): Occupational Stress Indicator test.

Scale Group A, mean (SD) Group B, mean (SD) t test (df) P value
Social support

T1 5.91 (1.51) 5.90 (0.99) 0.02 (19) .99

T2 6.36 (2.16) 5.50 (1.35) 1.08 (19) 29

T3 5.90 (2.18) 7.33(1.03) -1.77 (13.6) 10
Task oriented

T1 5.45 (1.51) 4.90 (1.37) 0.88 (19) 39

T2 5.82 (1.33) 6.10 (1.97) -0.39(19) 70

T3 5.30 (1.25) 7.50 (1.05) —3.60 (14) .003
Logic

T1 5.36 (1.96) 4.80 (1.99) 0.65 (19) 52

T2 5.55 (0.93) 5.90 (1.52) —0.65 (19) 52

T3 5.50 (1.58) 5.67 (1.37) -0.21 (14) 83
Home-work relationship

T1 5.45 (2.16) 6.10 (1.79) -0.74 (19) 47

T2 5.64 (1.96) 6.20 (1.32) -0.76 (19) 45

T3 6.10 (1.45) 6.83 (1.17) -1.05 (14) 31
Time

T1 5.00 (1.34) 5.20 (1.99) -0.27 (19) 79

T2 5.09 (1.87) 5.80 (1.32) —0.99 (19) .33

T3 5.10 (2.18) 6.50 (2.07) -1.26 (14) 23
I nvolvement

T1 5.73 (1.95) 5.90 (1.10) -0.25 (19) 81

T2 5.82 (1.08) 5.60 (1.84) 0.34 (19) 74

T3 6.00 (1.25) 7.67 (1.37) —2.5(14) .03

SCL-90-R and PSS results

At T1, the SCL-90-R obsessivity and compulsivity levels in
group A (mean 62.5, SE 2.70) were significantly different from
thosein group B (mean 51.3, SE 2.41; t,4,=3.08; P=.006; r=0.56).

At T2, the SCL-90-R anxiety levelsin group A (mean 59.3, SE
2.74) were significantly different from those in group B (mean
49.6, SE 1.94; t,4=2.82; P=.01,; r=0.54).

At T3, PSS levels in group A (mean 18, SE 2.31) were
significantly different from those in group B (mean 10.3, SE
2.50; t15=2.22; P=.04; r=0.49).

OSl Coping Strategies Results

For the OSl coping strategies, only the task-oriented and
involvement scales at T3 were significantly different. The

https://formative.jmir.org/2021/12/€30053

task-oriented levels in group A (mean 5.3, SE 1.25) were
significantly different from those in group B (mean 7.5, SE
1.05; t,,=—3.60; P=.003; r=0.69). The involvement levels in
group A (mean 6, SE 0.39) were significantly different from
thosein group B (mean 7.67, SE 0.56; t,,=—2.50; P=.02; r=0.56).

Nonparametric Data Analysis

Overview

Nonparametric data analysis (Mann—Whitney test) was
performed on the collected data by comparing the differences
between the groups with respect to the results obtained in
SCL-90-R, PSS (Table 4), and OSI (Table 5) questionnaires at
T1, T2, and T3. For the OSI test, we only considered the scales
regarding coping strategies such as home-work relationship,
social support, logic, task oriented, involvement, and time.
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Table 4. Nonparametric analysis of differences between group A (n=11) and group B (n=10) at baseline (T1), after 8 weeks of treatment (T2), and 3
months after treatment (T3): Perceived Stress Scale (PSS) and Symptom Checklist-90-Revised tests.

Scale Group A Group B Uvalue Zvaue Pvaue
Mean (SD) Median Meanrank  Mean (SD) Median Mean rank
PSS
T1 22.09 (2.21) 23.00 11.50 20.40 (6.83) 21.00 10.45 49.50 -0.39 72
T2 16.55 (5.45) 17.00 11.73 14.80 (5.45) 15.00 10.20 47.00 —0.56 .59
T3 18 (7.32) 18.50 11.15 10.29 (6.63) 13.00 5.93 13.05 -2.10 .03
GsI?
T1 60.36 (6.82) 62.00 12.82 55.70 (7.92) 58.00 9.00 35.00 -141 17
T2 55.82 (6.82) 58.00 13.59 49.00 (8.60) 49.00 8.15 26.50 -2.01 .04
T3 53.89(8.71) 52.00 9.67 47.00 (6.13) 45.00 5.50 12.00 -1.77 .09
pSTP
T1 62.82 (6.81) 63.00 12.45 58.20 (9.66) 59.50 9.40 39.00 -1.13 .28
T2 60.73 (10.38) 62.00 13.55 51.00 (12.13) 50.50 8.20 27.00 -1.98 .05
T3 57.00 (8.02) 58.00 9.67 48.83 (7.76) 44.00 5.50 12.00 =177 .08

Obsessiveness-compulsiveness

T1 62.55 (8.95) 63.00 13.95 51.30 (7.63) 53.00 7.75 22.50 —2.30 .02

T2 56.55 (8.78) 56.00 13.68 48.20 (9.78) 47.00 8.05 255 —2.08 .04

T3 55.11 (8.04) 54.00 9.50 48.17 (7.52) 46.00 575 13.50 -1.60 A3
Depression

T1 63.27 (8.86) 64.00 12.73 57.80 (8.59) 59.00 9.10 36.00 -1.34 A9

T2 57.36 (9.29) 57.00 12.68 51.70 (8.41) 48.50 9.15 36.50 -131 .20

T3 57.44 (11.90) 55.00 9.94 47.33 (6.83) 44.50 5.08 9.50 —2.07 .04
Anxiety

T1 57.55 (10.21) 54.00 10.82 56.50 (9.17) 56.00 11.20 53.00 -0.14 .90

T2 59.27 (9.09) 62.00 14.18 49.60 (6.15) 49.00 7.50 20.00 —2.48 .01

T3 53.00 (6.67) 53.00 9.39 48.33 (3.50) 47.00 5.92 14.50 -1.48 A5

8GSI: Global Severity Index.
bpST: Positive Symptom Total.
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Table 5. Nonparametric analysis of differences between group A (n=11) and group B (n=10) at baseline (T1), after 8 weeks of treatment (T2), and 3

months after treatment (T3): Occupational Stress Indicator test.

Scale Group A Group B U value Z vaue P vaue
Mean (SD) Median Meanrank  Mean (SD) Median Mean rank
Social support
T1 5.91 (1.51) 6.00 11.05 5.90 (0.99) 6.00 10.95 545 -0.04 .99
T2 6.36 (2.16) 7.00 12.95 5.50 (1.35) 6.00 8.85 33.50 -1.56 A3
T3 5.90 (2.18) 6.5 7.60 7.33(1.03) 7.00 10.00 21.00 —1.00 32
Task oriented
T1 5.45 (1.51) 5.00 12.05 4.90 (1.37) 5.00 9.85 435 -0.84 44
T2 5.82(1.33) 6.00 10.14 6.10 (1.97) 6.00 11.95 45.50 —0.68 .53
T3 5.30 (1.25) 6.00 5.95 7.50 (1.05) 7.00 12.75 450 -2.85 .004
Logic
T1 5.36 (1.96) 6.00 1191 4.80 (1.99) 5.00 10.00 45.00 -0.73 49
T2 5.55(0.93) 5.00 10.09 5.90(1.52) 6.00 12.00 45.00 -0.73 5
T3 5.50 (1.58) 55 8.30 5.67 (1.37) 6.00 8.83 28.00 -0.22 .85
Home-work relationship
T1 5.45 (2.16) 5.00 10.05 6.10 (1.79) 6.00 12.05 445 -0.75 46
T2 5.64 (1.96) 6.00 10.27 6.20 (1.32) 7.00 11.80 47.00 -0.58 .58
T3 6.10 (1.45) 6.00 7.60 6.83(1.17) 7.00 10.00 21.00 —1.00 35
Time
T1 5.00 (1.34) 6.00 10.86 5.20 (1.99) 5.00 11.15 53.5 -0.11 95
T2 5.09 (1.87) 6.00 9.50 5.80(1.32) 6.00 12.65 38.50 -1.23 22
T3 5.10 (2.18) 5.00 7.40 6.50 (2.07) 6.50 10.33 19.00 -1.22 .23
I nvolvement
T1 5.73 (1.95) 6.00 10.23 5.90 (1.10) 6.00 11.85 46.5 -0.63 .56
T2 5.82(1.08) 6.00 11.09 5.60 (1.84) 6.00 10.90 54.00 -0.07 .95
T3 6.00 (1.25) 6.00 6.55 7.67 (1.37) 7.50 11.75 10.50 -2.19 .03

SCL-90-R and PSS results

At T1, the SCL-90-R obsessivity and compulsivity levels in
group A (median 63) were significantly different from thosein
group B (median 53; U=22.5; Z=-2.30; P=.02; r=—0.50).

At T2, other significant differences between group A and group
B were observed. With respect to the GSI levels, group A
(median 58) differed from group B (median 49; U=26.5;
Z=-2.01; P=.04; r=-0.44). The subscal e measuring the PST of
group A (median 62) differed from that of group B (median 51;
U=27; Z=-1.98; P=.05; r=—0.43). With respect to anxiety, group
A (median 62) differed from group B (median 49; U=20;
Z=-2.48; P=.01; r=-0.54), and with respect to obsessivity and
compulsivity, group A (median 56) differed from group B
(median 47; U=25.5; Z=-2.08; P=.03; r=—0.45).

At T3, the depression level in group A (median 55) differed
from that in group B (median 44.50; U=9.5; Z=-2.07; P=.04;
r=—0.45). Asfor the PSStest, only at T3 did the levelsreported
by group A (median 18.5) differ significantly from those

https://formative.jmir.org/2021/12/€30053

reported by group B (median 13; U=13.5; Z=-2.10; P=.03;
r=—0.46).

In summary, data analysis at T1 did not show any significant
difference for the PSS and SCL-90-R tests between groups A
and B, with the exception of the subscale
obsessiveness-compulsiveness of the SCL-90-R test (lower
levels are better; see Table 2). At T2 and T3 for the SCL-90-R
test, data analysis showed some differences between the 2
groups. Participants assigned to group A seemed to report lower
improvements (lower levels are better) than those assigned to
group B at T2 for the GSI, PST, obsessiveness-compul siveness,
and anxiety scales and at T3 for the depression scale. For the
PSS test, group B showed significant improvements (lower
levels are better) than group A at T3 (Table 4).

OSl Coping Strategies Results

For the subscales of the OSl test, the task-oriented level in group
A (median 6) was significantly different from that in group B
(median 7; U=4.5; 7=-2.85; P=.004; r=-0.62), and the
involvement level in group A (median 6) was also significantly
different from that in group B (median 7.5; U=10.5; Z=-2.19;
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P=.02; r=-0.48) at T3. The analysis of theresultsat T1 and T2
reported in the OS| scale did not show other significant
differences between group A and group B (Table5). Participants
assigned to group A reported lower OS| resultsthan participants
in group B in any subscale (higher levels are better), but only
the task-oriented and involvement subscales significantly
differed between the 2 groups at T3 (Table 5).

Group A Within-Group Analysis

Parametric Data Analysis

A parametric data analysis (1-way repeated measures analysis
of variance) was performed for comparing the different results
reported in the participantsin group A at T1, T2, and T3.

The level of PSS (F,;3=3.25; P=.06) and some SCL-90-R
subscales (GSI, F,1=2.80; P=.09; PST, F,15=1.58; P=.24;
somatization, F, 14=1.44; P=.27; interpersona hypersensitivity,
F,16=0.95; P=.41;, depression, F,,c=2.34; P=.13; anxiety,
F,16=1.05; P=.37, hostility, F, 15=0.43; P=.65; phobic anxiety,
F,16=1.13; P=.35; paranoid ideation, F,,=1.26; P=.31; and
psychoticism, F, 16=1.47; P=.26) did not significantly change
over the 3 measuresat T1, T2, and T3.

For the PSDI and obsessiveness-compulsiveness subscales of
the SCL-90-R test, the results show significant change over
time (PSDI, F,,5=6.47; P=.03, with moderate effect size

N%p=0.35 and obsessiveness-compulsiveness, F,16=6.58,
P=.008, with large effect size °p=0.49).

Thelevel of the examined OSI subscal es of participants did not
significantly change over the 3 measures at T1, T2, and T3
(social support, F;1=0.44; P=.65; task oriented, F,15=0.49,
P=.62; logic, F,15=0.09; P=.92; home-work relationship,
F,15=1.03; P=.37, time, F,;4=0.04; P=.96; and involvement,
F,15=0.22; P=.80).

Nonparametric Data Analysis

A nonparametric data analysis was performed using the
Friedman test (Pereira et a [39]) for comparing the different
results reported in the participants in group A at T1, T2, and

T3. Thelevel of PSS (PSS, x2,=5.3; P=.07) and some SCL-90-R
subscales (PST, x%,=4.2; P=.15; PSDI, x%=4.2;, P=.14;
somatization, x%,=3.5; P=.20; interpersonal hypersensitivity,
x%,=0.8; P=.71; depression, x,=5.4; P=.08; anxiety, x>,=1.8;
P=.45; hostility, x%,=0.8; P=.71; phobic anxiety, x%,=2.3; P=.33;
paranoid ideation, x%,=1.7; P=.47; and psychoticism, X%=3.0;
P=.25) did not significantly change over the 3 measuresat T1,
T2,and T3.

The GSI and obsessiveness-compulsiveness subscales of
participants significantly changed over the 3 measures at T1,
T2, and T3 (x%=6.4; P=.04; w=0.35 and X%=6.4; P=.04;
w=0.35, respectively). Wilcoxon tests were used to follow up
thisfinding. A Bonferroni correction was applied; therefore, all

effects have been reported at a 0.0167 level of significance. It
seemed that the GSI did not significantly changefrom T1to T2
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(t=11.50; Z=-1.92; P=.06), from T1 to T3 (T=8; Z=-1.72;
P=.09), or from T2 to T3 (t=13; Z=-0.169; P=.93). The
obsessiveness-compulsiveness levels did not significantly
changefrom T1to T2 (t=11; Z=-1.96; P=.05) or fromT2t0 T3
(t=20; Z=-0.30; P=.79), but there was a significant change from
T1 (median 63) to T3 (median 54; T=0.0; Z=-2.37; P=.02).

In summary, in group A, only the obsessiveness-compulsiveness
levels showed a significant decrease at T1 in comparison with
T3. The levels of the examined OSI subscales of participants
did not significantly change over the 3 measuresat T1, T2, and

T3 (social support, )(22:0.6; P=.77; task oriented, x22:1.3;
P=.55; logic, X%=0.7; P=.76; home-work relationship, x%,=0.9;
P=.66; time, X%,=0.8; P=.71; and involvement, X%=0.3; P=.90).

Group B Within-Group Analysis

Parametric Data Analysis

A parametric data analysis (1-way repeated measures analysis
of variance) was performed for comparing the different results
reported in the participantsin group A at T1, T2, and T3.

The level of PSS (F,;,=3.56; P=.06) and some SCL-90-R
subscales (PSDI, F;10=2.54; P=.17;
obsessiveness-compul siveness, F11545=2.86; P=.15;
interpersonal  hypersensitivity, F,,,=3.85, P=.06; hostility,
F,10=3.71; P=.06; phobic anxiety, F, 1,=0.147; P=.86; paranoid
ideation, F,10=3.20; P=.08; and psychoticism, F,;,=2.77,
P=.11) did not significantly change over the 3 measuresat T1,
T2,and T3.

For the GS| scale, the Mauchly test indicated that the assumption
of sphericity had been violated, X%=7.1; P=.03; therefore,
multivariate tests have been reported (¢=0.55). The results
showed significant change over time, V=0.85, F,,=11.78,
P=.02, with large effect size, °p=0.63.

For the PST, depression, somatization, and anxiety subscales
of the SCL-90-R test, the results showed significant change
over time (PST, F,,,=8.87; P=.006; N%p=0.64; depression,
F,10=5.84; P=.02, N?p=0.54; somatization, F,10=5.56; P=.02,
N°p=0.53; and anxiety, F,,=5.18; P=.03; n°p=0.51).

The levels of the examined OSI subscales of participants did
not significantly change over the 3 measuresat T1, T2, and T3
(social support, F, 1,=3.89; P=.06; time, F, ,,=2.10; P=.17; and
home-work relationship, F, 15=3.57, P=.70).

For the task-oriented, logic, and involvement subscales of the
OSl, the results showed significant change over time (task
oriented, F,,,=7.80; P=.009; n%p=0.61; logic, F,10=9.54,
P=.005; n%p=0.66; and involvement, F,10=5.56; P=.02,
n2p=0.59).

Nonparametric Data Analysis

A nonparametric analysis of data was performed using the
Friedman test (Pereiraet al [39]), which allowed usto compare
the different results reported in group B at T1, T2, and T3.
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The levels of PSS (PSS, x%=4.5; P=.11) and some SCL-90-R
subscales (PSDI, x%=1.7; P=.52; somatization, x=5.0; P=.09;
obsessiveness-compulsiveness, x2,=5.3; P=.07; interpersonal
hypersensitivity, x%=5.7; P=.06; anxiety, x>,=4.7; P=.11;
hostility, x%=3.9; P=.15; phobic anxiety, x%=1.3; P=.59;
paranoid ideation, x%,=4.3; P=.14; and psychoticism, x%=4.3;
P=.12) did not significantly change over the 3 measuresat T1,

T2, and T3. The GSI, PST, and depression subscales of
participants significantly changed over the 3 measures at T1,
T2, and T3 (GSI, x%=9.5; P=.005; w=0.79; PST, x%=9.0;
P=.008; w=0.75; and depression, x%=7.9; P=.01; w=0.66).
Wilcoxon testswere used to follow up thisfinding. A Bonferroni
correction was applied; therefore, all effects have been reported
at a 0.0167 level of significance. It seemed that GSI did not
significantly change from T1 to T2 (T=8; Z=-1.99; P=.04),
from T2 to T3 (T=5.50; Z=-0.54; P=.69), and from T1 to T3
(T=0.0; Z=-2.23; P=.03).

PST did not significantly changefrom T1to T2 (T=6; Z=-1.96;
P=.05), from T2 to T3 (t=10.50; Z=0.0; P=.99), and from T1
to T3 (T=0.0; Z=—2.21; P=.03). Depression did not significantly
change from T1 to T2 (t=10; Z=-1.79; P=.08), from T2 to T3
(T=9; z=-0.31; P=.81), and from T1 to T3 (T=0.0; Z=-2.02;
P=.06). Thelevelsof the examined OSI subscales of participants
did not significantly change over the 3 measuresat T1, T2, and

T3 (home-work relationship, x%,=0.5; P=.90 and time, x%,=3.4;
P=.18). Thesocia support, task-oriented, logic, and involvement
subscales significantly changed over the 3 measuresat T1, T2,
and T3 (x%,=7.1; P=.03; x%,=8.5; P=.01; x%=8.0; P=.01; and
X%,=7.5; P=.01, respectively).

Wilcoxon testswere used to follow up thisfinding. A Bonferroni
correction was applied; therefore, all effects have been reported
at a 0.0167 level of significance. Social support did not
significantly change from T1 to T2 (T=6.5; Z=-0.85; P=.53),
from T2 to T3 (T=0.0; Z=-2.12; P=.06), or from T1 to T3
(T=0.0; Z=-1.86; P=.13). Task oriented did not significantly
change from T1 to T2 (T=3; Z=-2.16; P=.05), from T2to T3
(T=5; Z=-0.71; P=.75), or from T1 to T3 (T=0.0; Z=-2.32;
P=.03). Logic did not significantly changefrom T1to T2 (T=5;
Z=-1.87; P=.07), from T2 to T3 (T=3; Z=-1.34; P=.37), or
from T1 to T3 (T=0.0; Z=-2.12; P=.06). Involvement did not
significantly change from T1 to T2 (T=7.5; Z=-0.65; P=.66),
from T2 to T3 (T=2.5; Z=-1.72; P=.16), or from T1 to T3
(T=0.0; Z=-2.25; P=.03).

Qualitative Evaluation of the Intervention

A focus group with some therapists was organized with the
purpose of identifying the requirements for improving the
acceptance of them-PHA in SMT-CBT—oriented psychotherapy
intervention. We chose the focus group technique because in
the past this method has been found appropriate for evaluating
attitudes of health care personnel, among others[19,40]. A total
of 5 therapistswho participated in the experiment were recruited
in the group; a sixth therapist who participated in the design
phase of the protocol but did not take part in the experiment
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played therole of facilitator. In all, 2 focus group meetingswere
conducted in July and September 2020. The therapists ranged
in age from 29 to 39 years, the mean age being 35.05 (SD 2.40)
years, and their professional experience ranged from 4 to 10
years, with amean of 6.62 (SD 1.92) years.

The themes for the group discussion were the usefulness of
including m-PHA support in the therapeutic process, their
impressions about how that modification of the usual setting
had an impact on the psychoeducational goals of the
intervention, and the usability issues of the mobile app. Data
analysis was conducted on the transcribed answers and on the
notes taken during the group sessions. The data analysis was
performed by following the method adopted by Berland et al
[40Q]. The transcripts were reviewed by 2 authors (MD and TC)
of this study, both with competencein conducting focus groups.
Fromtheanalysis, thefollowing relevant themeswereidentified.

All focus group participants reported the general impression
that the m-PHA could improve patients' engagement in their
therapy goals. In the therapists' view, the process followed for
integrating this mental health mobile app into their practice was
effective because the system helped their patients to complete
the homework assigned by the therapists, alowing them to
receive assistance while writing their ABC notes. Thetherapists
observed that in their general practice they would usually spend
more time focusing on teaching their patients how to complete
their ABC notes so that they could be reviewed during the first
part of the next session. In thistrial, the spare time afforded to
the therapistswas effectively used to focus on events and related
mental states that had aready been shared through the app by
the patients. In general, they recognized that most of the patients
receiving the support of the m-PHA progressed faster in terms
of the acquisition of the psychoeducational techniques of stress
management.

The focus group participants carefully examined the different
aspects related to the patient-therapist working alliance
concerning the common goal of acquiring attitudes that may
contribute to reducing the impact of stress in the patients
everyday lives. In their view, the introduction of the m-PHA
had no negative impact on the establishment of the working
alliance.

Asfor usability issuesrelated to the m-PHA app, the therapists
expressed interest in extending the m-PHA support to their
patients by including assistance in completing other types of
CBT techniques, for example, disputing, in addition to the
present support provided for ABC notes.

Discussion

Principal Findings

The analysis showed some significant differences between the
2 groups. The parametric analysis aswell asthe nonparametric
analysis showed that in the examined subscales of the
SCL-90-R, OSl, and PSStests, group B seemed to show greater
improvements than group A. The effect size in the parametric
and nonparametric analyses was very large in scales that are
significantly different.
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In the SCL-90-R, for the subscales GSI, PST, anxiety, and
depression, group B participants reported better changes on
average than group A participants.

For the obsessivity and compulsivity scale, it isdifficult to make
an interpretation of what emerged because the 2 groups were
different evenat T1.

With respect to the PSS, group B showed better improvements
than group A, especialy at T3 where the effect size was very
large.

As reported in the Future Research section, the conclusion of
theintervention coincided with Italy entering lockdown because
of COVID-19, and in thefollowing months, different restrictions
were imposed at different locations. This may have caused the
increase in the level of anxiety observed in group A at T2 but
not in group B, and the same circumstances applied to the level
of stressat T3.

Thedimensions evaluated by the OSl test, in particular the ones
related to coping strategies, showed better improvements for
participants assigned to group B than for group A participants.
This difference was significantly different at T3 only for the
task-oriented and involvement subscales, and the effect size
was very large.

In addition, with regard to the mean levels of the SCL-90-R,
PSS, and OSl tests, an improvement trend may be observed
from T1 to T2 and from T2 to T3 in both group A and group
B.

In group A, the mean of the obsessivity and compulsivity and
PSDI subscal es showed asignificant decrease (Table 2) between
assessment times, with a moderate effect for PSDI and alarge
effect for obsessiveness-compulsiveness. With nonparametric
analysis, only the obsessiveness-compulsiveness values
decreased, with a moderate effect (Table 4).

In group B, the mean of the GSI, PST, depression, somatization,
and anxiety subscales showed a significant decrease (Table 2)
between assessment times, with a large effect, as was the case
for the task-oriented, logic, and involvement subscales, with a
large effect. With nonparametric analysis, none of the SCL-90-R
or OS| scales seemed to improve significantly over time,
although the effect sizeislarge. This could be an indication that
sample size had an impact.

Future Research

The goal of this study is to evaluate a protocol for an
intervention for the treatment of work-related stress and anxiety
based on the integration of a conversational Al-empowered
mobile app into traditional psychotherapy. To validate the
protocol, we needed to collect data from real users to feed the
machine learning algorithms of the conversational m-PHA.
More importantly, we needed to collect feedback from the
psychotherapistswho wereinvolved in this participatory design
effort. The limited number of participants that we could enroll
did not alow the alocation of participants in more than 2
experimental groups. The research described in this paper was
theinitial and exploratory phase of alarger intervention protocol
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that is currently registered in  ClinicaTrials.gov
(NCT04809090). Thislarger protocol includesacontrol group,
whose participants do not receive any type of treatment, aswell
as a fourth group, whose participants receive only the support
of them-PHA.

At the time of the data collection described in this paper, the
version of the m-PHA used had limited dialog capabilities. The
m-PHA was not yet able to engage participants in extended
conversations: it amed mainly to motivate users to leave
personal narratives to complete the ABC homework required
by the SMT-CBT protocol. The data collected in this
experiment, as well as the input provided by the
psychotherapists, allowed usto increase the dialog capabilities
of them-PHA.

Moreover, it is important to consider the temporal context of
the data collection: the intervention phase began in December
2019 and ended in March 2020, coinciding with the first wave
of the COVID-19 pandemic, and all of Italy was in lockdown
for thefirst time. In the following months, different restrictions
were imposed at different locations. During the last therapy
sessions, many participants reported COVID-19—elated
episodes in their ABC diaries. It is likely that the participants
reported anxiety levels that in some cases exceeded what they
reported at the beginning of the experiment, and thiswas mainly
because of thetragic situation that suddenly changed their daily
life and, in some cases, their working conditions. In the revised
protocol, the dataanalysiswill also addressthe variablesrelated
to the regiona variability of the COVID-19 pandemic in Italy,
including the impact of regional lockdown measures.

Conclusions

The results of our study shed light on the perspectives of
applying Al technologiesin thefield of mental health care. The
goa of the work described in this paper is 2-fold. The first
objective isto evaluate the intervention protocol for integrating
an m-PHA into the therapeutic process. The intervention
addressed work-rel ated stress management and engaged mental
health professionalsin the design and test phase. This blended
approach included remote sessions of traditional SMT-CBT
treatment as well as the integrated support of an m-PHA. The
other objective of this study isto collect natural language and
behavioral datato train the machine learning algorithms of the
conversational agent and to design the experimental protocol
in view of the ongoing randomized controlled trial.

The results support the hypothesis that SMT-CBT treatment
may be integrated into Al-based mental health agents. The
therapists engaged in the participatory design model adopted
in this study arein favor of it, and in particular they deem that
receiving the continuous support of conversational Al
technology may improve patients adherence to their
recommendations. Although the satistical analysis of data
collected in this study does not yet show a clear advantage
deriving from this integration, the group whose participants
received the support of them-PHA showed asignificant positive
trend of reduction of symptoms related with obsessivity and
compulsivity and positive symptom distress.
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Abstract

Background: Thereiscurrently limited evidence on the level and intensity of physical activity in individuals with hemophilia
A. Mobiletechnologies can offer arigorous and reliable aternative to support data collection processes but they are often associated
with poor user retention. The lack of longitudinal continuity in their use can be partly attributed to the insufficient consideration
of stakeholder inputsin the devel opment process of mobile apps. Several user-centered models have been proposed to guarantee
that a thorough knowledge of the end user needs is considered in the devel opment process of mobile apps.

Objective: The aim of this study is to design and validate an electronic patient-reported outcome mobile app that requires
sustained active input by individuals during POWER, an observational study that aims at evaluating the relationship between
physical activity levels and bleeding in patients with hemophilia A.

Methods: We adopted a user-centered design and engaged severa stakeholdersin the development and usability testing of this
mobile app. During the concept generation and ideation phase, we organized a need-assessment focus group (FG) with patient
representatives to eicit specific design requirements for the end users. We then conducted 2 exploratory FGs to seek additional
inputs for the app’s improvement and 2 confirmatory FGsto validate the app and test its usability in the field through the mobile
health app usability questionnaire.

Results: The findings from the thematic analysis of the need-assessment FG reveal ed that there was ademand for sense making,
for simplification of app functionalities, for maximizing integration, and for minimizing the feeling of external control. Participants
involved in the later stages of the design refinement contributed to improving the design further by upgrading the app’s layout
and making the experience with the app more efficient through functions such as chatbots and visual feedback on the number of
hours a wearable device had been worn, to ensure that the observed data were actually registered. The end users rated the app
highly during the quantitative assessment, with an average mobile health app usability questionnaire score of 5.32 (SD 0.66;
range 4.44-6.23) and 6.20 (SD 0.43; range 5.72-6.88) out of 7 in the 2 iterative usability testing cycles.

Conclusions: The results of the usability test indicated a high, growing satisfaction with the el ectronic patient-reported outcome
app. The adoption of a thorough user-centered design process using several types of FGs helped maximize the likelihood of
sustained retention of the app’s users and made it fit for data collection of relevant outcomes in the observational POWER study.
The continuous use of the app and the actual level of engagement will be evaluated during the ongoing trial.
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Introduction

Background

Patients with hemophilia A, an X-linked recessive bleeding
disorder that occursin approximately 1 in 5000 live male births,
suffer from bleeding episodes, especidly in their joints and
muscles, and moderate impairment of balance and mobility
associated with reduced bone mineral density in both
adolescence and adulthood [1]. Because of these limitations,
patients with hemophilia typically exhibit reduced levels of
physical activity [2].

Few empirical studies have reported on the level and intensity
of physical activity in small cohortsof children and adol escents
[3-5] and in adult populations with hemophilia A [6-9]. These
studies were based on either accel erometers or patient-reported
guestionnaires and showed that the recommended quantity and
quality levels of physical activity were often unmet, with the
degree of joint damage accounting for only a small fraction of
the observed variability [10]. However, no study has measured
the physical activity levels in the hemophilia population and
evaluated the correlation between the sequelae of different
bleeds and the consequent limitations on physical activity levels.

POWER, a multicenter, noninterventional, prospective study
aimsat contributing to fill this gap by evaluating the relationship
between physical activity levels (and intensity) and bleeding in
a target population of approximately 150 individuals aged
between 12 and 50 years with severe (Factor VI11<1%) or
moderate (Factor V11121% and Factor V111<2%) hemophilia A
without inhibitors against Factor V1I1. The study was approved
by the Ethics Committee of each participating clinical center
and registered at Clinical Trials.gov (NCT04165135).

This study leverages the widespread availability, low cost, and
high degree of reliability of mobiletechnologies[11] to support
the collection of significant amounts of data, including physical
activity levelsand patient-reported outcome measures (PROMs)
[12]. Inthefield of hemophilia, previous studies have addressed
the potential of telehealth-delivered interventions and mobile
health (mHealth) solutions to enhance patient adherence to
medication and promote independence in disease management
[13], improve record keeping [14], and create patient
communities that facilitate the interaction of people with
hemophilia[15], particularly when they moveto adult treatment
centers and may report significant feelings of isolation [16].
Although the potential of mHealth technol ogiesto support data
collection processes in hemophilia is essentially unexplored,
datacollectionin the POWER study instead relieson 2 different
digital devices. The physical activity levelswere measured daily
in terms of active minutes, the metabolic equivalent of tasks,
and the step counts by a wearable fitness device (also called
fithesstracker) used continuously during the study participation.

https://formative.jmir.org/2021/12/e25071

Concurrently, other relevant self-reported outcome domains
(bleeds, medications used for bleeds treatment, health-related
quality of life, visual analog scalefor pain, etc) were registered
through an electronic patient-reported outcome (ePRO) app
installed on smartphones or tablets after enrollment.

Although a fitness tracker collects physical activity levels
through passive sensing, without requiring any extra effort to
input data and with very limited engagement with the device
besides the need to wear it, the ePRO app requires sustained
active input by study participants.

Objectives

User engagement and the continuous app use are persisting
challengesin mHealth app implementation [17], with poor user
retention being observed in the real world [18,19]. Thisisalso
truefor ePRO systems, whoseinterfaces should be continuously
monitored and improved to reduce the attrition ratesin clinical
trialsand to enhance the retention postimplementationin clinical
practice[20]. A decreasing adherencerateto el ectronic reporting
has also been observed in previous studies that involved digital
solutions for patients with hemophilia[21-23].

This effect can be partly attributed to the lack of stakeholder
input in the development of mHealth technol ogies. the appsare
often made available to the public without sufficient attention
devoted to their design [24] and without a thorough
understanding of the context of their proposed deployment and
the needs of their end users, regardiess of whether they are
patients, caregivers, or clinicians[25].

Therefore, to maximize electronic outcome reporting and to
ensure continuous data collection throughout the POWER study,
we incorporated users' expectations, experiences, and needsin
the design process of the ePRO app. This paper reports on the
process adopted for the devel opment of a mobile app aimed at
collecting PROMs in patients with hemophilia A during the
POWER study.

Methods

Theoretical Framework: User-Centered Design
Approach

We adopted a user-centered design (UCD) and engaged
prominent stakeholders in the development of the ePRO app
[26]. Among the existing design methods of mHealth apps,
UCD primarily focuses on the tasks or activities that the users
must accomplish and identifies the corresponding user needs
to tackle [27].

According to the UCD approach, during the concept generation
phase, a thorough investigation of the needs is conducted to
understand the environment of the end users and their
requirements. On the basis of this investigation, a set of
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functional requirements were identified for the ePRO app
through thematic analysis, leading to the design of a prototype.
The next phases of the design cycle included continuous,
iterative evaluation and refinement of the prototype and its
usability testing.

Figure 1. Design process of the electronic patient-reported outcome app.

Petraccaet d

Study Design

To improve the app rapidly during the user-centered process,
we used focus groups (FGs) as a human factor research
technique [28], which could provide appropriate evaluations
owing to their flexibility and their ability to probe the
participants on key design ideas[29]. Figure 1 showsthevarious
design phases adopted to build the final app.

Stage Type of interaction Participants
- 1 Need - Patient
L Cﬂnce.:pt Assessment Association
generation .
Focus Group representatives
. - 2 Explorat o
1I ]'?rototype xploratory _ Clinicians
design & Focus Groups Patients
refinement (EFGs)
- 2 Confirmatory Caregivers
II1. Evaluation Focus Groups : P"i'[ieits
(CFGs) ‘

In harmony with UCD, the initial concept generation phase
aimed to analyze the environment of the projected end users of
the app and to determine their specific requirements in the
context of the POWER study. An initial prototype of the app
conceived on the basis of the study goals defined in the protocol
was used as a starting point and included 3 main screens: (1)
the home page, where recent interactions with the app and
activities due were listed; (2) the questionnaire page, through
which all the PROMs could be accessed and completed; and
(3) the My Hedlth Diary page, where all the recorded datacould
be retrieved.

The need-assessment FG aimed to elicit specific design
requirements and specifications for the prototype app and to
bring the environment of the intended end users to focus. The
script of thisinitial meeting revolved around: (1) the definition
of functional featuresto be included in the app to maximize the
participants’ engagement with data collection; (2) the suggestion
of app characteristics, intended as elements that would qualify
the app’s visual appearance and its speed or ease of usage; and
(3) the discussion of a specific design feature of mHealth
studies: the preference between having the app installed on the
participant’s own device (thus following a persona device
strategy) or receiving astudy device at enrollment with the app
downloaded onit.

On the basis of the results of this preliminary activity, we
implemented a set of functionalities and engagement strategies
and discussed them during the following cycles of the design
process, when 2 complementary, yet different sets of FGswere

https://formative.jmir.org/2021/12/e25071

RenderX

run: exploratory FGs (EFGs) and confirmatory FGs (CFGS)
[28].

EFGswere conducted to seek additional inputsfor improvement,
to refine the prototype, and to maximize the likelihood of
technology acceptance. A moderator demonstrated the intended
use of the mobile app, while participants were asked to provide
their feedback on the proposed prototype during an open
discussion.

When thefinalized version of the app was completed, the CFGs
aimed at gathering evidence of its preliminary efficacy. After
abrief introduction of the study objectives, the participantswere
provided with asmartphone or atabl et equipped with the ePRO
mobile app, presented with its use case scenarios, and asked to
perform alist of 10 different activities (Textbox 1).

After thetest, the participants were asked to quantitativel y assess
the usability of the app, amultidimensional property associated
with attributes such as ease of use, user satisfaction,
attractiveness of the layout, and error rates compared with the
intended use [30]. According to the World Health Organization,
usability testing constitutes the initial step of the evaluation
process of any digital health technology [31]. To evauate the
usability of the ePRO app, participants completed the mHealth
app usability questionnaire (MAUQ), an 18-item questionnaire
recently devel oped by scholarson a7-point Likert scale ranging
from 1 (strongly disagree) to 7 (strongly agree) [32]. The
MAUQ is the first scale developed to specifically assess the
usability of mHealth apps, and its reliability and validity were
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shown and compared against other commonly used
guestionnairesthat were not strictly designed for mHealth apps
[32]. For the app validation process, we presented the
participants with the standalone, patient-specific version of the
questionnaire, which included 3 main dimensions: (1) ease of
usg, (2) interface and satisfaction, and (3) usefulness. According

Petraccaet d

to the questionnaire scoring method, higher average values
indicated higher usability levels of the app. The MAUQ is yet
to be validated in Italian: we used forward and backward
tranglation to adapt the instrument but did not aim to formally
validate it, given the small number of panel components.

Textbox 1. Use case scenarios for the electronic patient-reported outcome app (N=10).

1. You havejust been enrolled in the POWER study. Go to the Sudy Details section to read the main characteristics of the study and the reasons

why your participation is significant.

2. Usethe Medication Reminder function to set an aert every 3 days at 6:30 PM.

3. Report ableeding episode that happened yesterday in your right thigh and wastreated with Factor V11 inhibitors. The bleeding ended and resulted
in no days away from school or work.

4. Complete the Health Questionnaire you have pending on the home screen. You are feeling great today!

5. Ask the chatbot if your wristband is synchronized with the ePRO mobile device.

6. Fill inthe Assigned Treatment questionnaire that you find in the Messages section.

7.

Tuesday and Thursday at 8:30 AM.

8. Themonth is coming to an end: fill the Patient and Caregiver Burden questionnaire and report 2 days away from work in the past month.
9. Go back to read the Enrollment Update section where updated statistics on enrolled participants are reported.
10. Check the My Diary section to verify that the information you have inputted are available and easily accessible.

After afollow-up with your clinician, your therapeutic plan has been modified. Modify the Medication Reminder settings and set an alert every

Participants

We invited different target participants to undergo the various
rounds of FGs. The initial need-assessment FG was held in
February 2019, with the participation of 4 representatives of
patient associations for type A hemophilia. The choice to run
thisinitial meeting with representatives of the most established
patient associationsin Italy was to maximize the understanding
of the particular needs of the targeted end user groups, owing
to their continuous and long-term contact with a significant
number of affected individuals.

Two different stakehol der groups participated in the subsequent
EFGs: 4 hematologists in the clinician FG held in May 2019,
whereas 5 patients with hemophilia A in the patient EFG in July
2019.

After the finalization of the refined app, we only involved the
intended end users during the CFG phase, with patients and
their parents (when patients were minor) being asked to
ultimately test the app. Prototype validation through usability
testing is usually achieved with 2 to 3 cycles of testing [33],
whereas for data saturation, small samples of 5 participants
typically identify approximately 80% of the usability issues
[34,35]. In this study, 2 different meetings were held in
November 2019 and January 2020, with 4 and 5 participants,
respectively.

Clinicians participating in the EFG were selected among the
study centers on a voluntary basis, whereas patients for both
EFGsand CFGswererecruited through the patient associations
involved in the initial stage of the design process. Health care
professionals were €ligible if they were hematologists
specializing in bleeding disorders and could speak and read
Italian. Eligibility criteria for patients included: confirmed

https://formative.jmir.org/2021/12/e25071

diagnosis of hemophilia A, the ability and willingness to
complete outcome questionnaires on the ePRO app, the ability
to provide their written consent, and the ability to interact in
[talian. Parents of underage patients were invited to participate
if their children met the clinical eligibility requirements under
the study protocol and if they were willing to provide their
informed consent and to test the ePRO app. No rewards or
compensation were offered to the individuals participating in
the study, whereas a participation fee was awarded to the patient
associations involved.

Data Analysis

All FGsoccurred in aconference room, lasted for approximately
90 minutes, and were recorded (audio only) and then
professionally transcribed. We obtained the written informed
consent from all the participants before the start of the meeting.
The participants were asked to provide essential persona data,
including their age, their professional role (if applicable), and
their self-reported comfort in the use of mobile devices. During
FGs, we used sticky notes to collect the recommendations of
the participants regarding design changes and content review.
The analysis of the need-assessment and exploratory FGs was
facilitated by Dedoose qualitative software (SocioCultural
Research Consultants), aweb-based platform for mixed methods
analysis[36] that enabled the identification of recurrent themes
and the development of a coherent coding index. An inductive
analysis was performed by 2 researchers (FP and MC), with
emerging themesidentified by the systematic reading and coding
of the transcripts. Different opinions between the coders were
discussed by the research team to reach a consensus.

JMIR Form Res 2021 | vol. 5 | iss. 12 [e25071 | p.25
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Results

Participant Characteristics
Of the 22 participants, 11 (50%) were patients, 4 (18%) were
Table 1. Participant characteristics (N=22).

Petraccaet d

patient representatives, 4 (18%) clinicians, and 3 (14%) parents
of young patients. Detail ed information about the category, age,
and gender of the study participants by each research stage has
been presented in Table 1.

Characteristics Need-assessment FG? n (%)

EFGE, n (%)

CFGS®, n (%) Total, n (%)

Category
Caregiver 0(0) 0(0) 3(33) 3(14)
Clinician 0(0) 4(44) 0(0) 4(18)
Patient 0(0) 5 (56) 6(67) 11 (50)
Patient representative 4 (100) 0(0) 0(0) 4(18)
Age (years)
<30 0(0) 4 (44) 4 (44) 8(36)
30-39 0(0) 1(12) 1(12) 2(9)
40-49 1(25) 0(0) 1(11) 2(9)
50-59 1(25) 2(22) 1(11) 4(18)
>60 2 (50) 2(22) 2(22) 6 (27)
Gender
Male 3(75) 6 (67) 7(79) 16 (73)
Female 1(25) 3(33) 2(22) 6(27)

3FG: focus group.
bEFG: exploratory focus group.
®CFG: confirmatory focus group.

Concept Generation: Need-Assessment FG

Thematic analysis of verbatim transcripts of the need-assessment
FG led to the identification of 6 themes that were of help in
refining theinitial prototype.

First, the participants stated that it was paramount to guarantee
maximum simplification of the app functionalities, ensuring
that the burden on individuals was minimized to what was
strictly necessary for study purposes. One patient representative
said the following:

Rather than improving the quality and quantity of the

app experience, | believeit is fundamental to make it

easy, simple, user-friendly, and self-explanatory,

making it possibleto accessit al so for somebody who

would not want to know how it actually works.

[Patient Representative, 53 years]
Second, the participants made specific recommendations about
the sense-making process related to the app, which should
leverage the intrinsic motivation of individuals to be part of a
noteworthy initiative where the individual benefit is negligible
when compared with the profit for the entire community of
interest. Therefore, numerous patient representatives suggested
theinclusion of specific functionalitiesto give feedback on the
study progress and make every individual part of a larger
community. For example, one patient representative vigorously
emphasized this point, as follows:

https://formative.jmir.org/2021/12/e25071

The appeal and the willingness to participate and
continuoudly input data are based on the fact that
somebody believes in what the study is proposing,
everything else is just a plus...you must necessarily
find away to transfer the sense of what you are asking
people to do. [Petient Representative, 64 years)|

Third, the FG participants suggested that the app should ensure
maximum integration, refraining from any request for data or
for doing tasksthat can aready be performed through different
means.

Fourth, a common theme pertained to the need to limit the
feeling of external control that a digital solution could exercise
on individuals, which can ultimately be linked back to the need
to ensure that the participants were reassured about the study’s
purposes and modalities. For instance, one participant said the
following:

No one should ever get the feeling of being controlled
by the app or somebody behind it. | have no need for
further sources of control that can make mefeel more
ill than | already am. [Patient representative, 53 years)

The aesthetics of the user interface were identified as another
factor to improve, with the FG participants advising to adopt
different color sets to make the layout catchier, but not trivial,
than the initial one and to enable individuals to tailor some of
the app’s graphical features to their personal preferences.
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One final emerging theme pertained to the type of device used
during the POWER study. The parti cipants unanimously agreed
that providing them with an additional device exclusively for
study purposeswould prove excessively burdensome and would
not help maximize patient engagement, probably generating
increased attrition ratesinstead. One patient representative stated
asfollows:

Honestly speaking, to propose in 2019 to participate
in a study in which individuals are obliged to use an
additional device could be detrimental to the overall
study participation. [Patient Representative, 40 years]

Changesto the App After Need-Assessment

Consistent with the demands expressed during the preliminary
phase and coded through qualitative analysis, the app underwent
the following modifications and additions:

«  TheSudy details and Enrollment update pages were added
to provide the participants with val uabl e information about
the study and its status, leveraging the required
sense-making process;

«  Environmental alertswere added to prompt the participants
to input the required outcome data;

« Users were given the opportunity to tailor the design
features of the app based on their preferences;

«  Acknowledgments on activity completion were reinforced
to maximize efficiency by providing visual confirmation
that the inputted data had been registered;

« A Treatment reminder functionality was included in the
app and made accessible on a voluntary basis.

Prototype Refinement: EFGs

During the 2 EFGs, the clinicians and patients with hemophilia
were asked to provide feedback on therefined prototype version
of the app to achieve rapid incremental improvements.

During the clinician EFG, the participants univocaly
acknowledged the significant contribution of the POWER study
to provide up-to-date information on the population of interest.
Four main codes were identified during the discussion and
considered as recommendations to further improve the app.

First, participants suggested avoiding duplications, as some of
the sections were potentially overlapping and were not
necessarily mutually exclusive. This had primarily related to
the structure of the Home page, which wasinitially designed as
arepository of the most recent information included in all the
other sections of the app.

Second, a recurrent theme pertained to the graphical interface
of the app, against which clinicians suggested facilitating the
detection of different domainswith corresponding bright colors.
One clinician explained the following:

| find the app look slightly monotonous...to better
highlight the various items and domains, different
colors could be used across the different sections of
the app. [Clinician, 62 years]|
Additional recommendations focused on the study update
section. The Study details and Enrollment update sections that

https://formative.jmir.org/2021/12/e25071
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were added to the app after the need-assessment phase were
appreciated but considered not adequately positioned within
the app for accessibility.

Finally, afourth emerging theme pertained to the possible uses
of the app outside of the study settings. To further reduce the
patient burden in completing the questionnaires, clinicians
suggested machine-readabl e formats, voice learning, and voice
recording. However, these proposals were not technically
feasible given the timeframe of the POWER study and,
therefore, could not be embedded in the current version of the

app.

During the patient EFG that followed, the participants were
presented with a refined version of the app that incorporated
the main comments collected during the clinician EFG interms
of outlook and content organization.

The coding analysis highlighted several recurrent topics that
were brought to attention during the meeting.

First, patients reported their need for support in daily
management and coping, expressing astrong willingnessto feel
atighter bond with their clinicians and the hope that this could
be channeled through enhanced data sharing viathe app. In the
context of persisting issuesin finding appropriate and continuous
type of support to sustain patients with hemophilia A daily,
there was wide acknowledgment of the potential of digital
technologies in closing the existing gap with health care
professionals. One patient described this as follows:

To have somebody to actually follow us through our
daily struggle and provide us with prompt feedback
would mean a lot...sometimes you just have the
impression that you get a pre-set response hourslater
your request. [Patient, 18 years)
As asecond element, the participants confirmed the need to be
supported and facilitated in their participation in the study and
in the use of the app to relieve the burden linked to data entry
that could cause disaffection with the app, if it were not well
supported.

Regarding the interface design, the participants only suggested
minor revisionsin thelayout of some questionnaires, particularly
to make the reporting of bleeding events more straightforward.
Furthermore, one user recommended substituting the human
body where bleeds were indicated to make it less stylized and
more realistic.

On the basis of theinputs collected during the EFGs, additional
graphical refinements were introduced to further streamline
participation in the study: (1) a new chatbot was included to
support individuals in finding information related to the app
and its functionalities; (2) an additional screen with visual
feedback on the number of hours the wearable device had been
worn was added to ensure the per-protocol minimum (10
hours/day) was reached and that the observed datawere actually
registered. The final display of the app home page, chatbot
functionality, and bleeding reporting have been shown in Figure
2.

JMIR Form Res 2021 | vol. 5 | iss. 12 [e25071 | p.27
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Petraccaet d

Figure 2. Screenshots of the electronic patient-reported outcome app final prototype.
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Usability Evaluation

During the CFGs, participants tested the fina version of the
app, followed alist of 10 use case scenarios (Textbox 1), and
completed the MAUQ to assesstheir satisfaction with the system
usability.

The average scores showed an upward trend: the overall MAUQ
score increased from 5.32 (range 4.44-6.23; SD 0.66) to 6.20
(range 5.72-6.88; SD 0.43) over the 2 CFGs, showing
increasingly positive feedback on the app usability asitsdesign
was further refined.Considerable improvements were observed
especially in terms of perceived usefulness, which increased
from 4.80 (SD 0.92) to 6.24 (SD 0.40), and the system
information arrangement of the app (from 5.30t0 6.17).

During thefirst CFG, participants reported poor responsiveness
of certain featuresand afew technical problems, primarily when
filling some of the PROMs or when using the chatbot. These
issues ultimately affected the reported usefulness and the
interface evaluation of the app. The technical difficulties were
addressed between the 2 meetings, and the app’s usability ratings
improved accordingly. During both the meetings, al participants
reported being intuitively able to launch the app and reguiring
minimal support from the study team during the testing.

On the basis of the inputs provided by the CFG participants
through qualitative comments, minor additional changes were
included in the finalized version of the app that is currently
being used in the POWER study.
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Discussion

Principal Findings

We applied UCD for the development of the ePRO app currently
in usein the POWER observationa study, adopting an iterative
process in which progressive modifications were informed not
only by the participants inputs but also by the technical
feasibility of the proposals. This approach has been identified
as particularly effective when adapted to mHealth apps [37],
with different frameworks being used as powerful aternatives
to the shared design based on the end users' preferences [27].
A recent integrative review analyzed studies that employed a
qualitative methodol ogy for the design, development and testing
of mHealth apps, identifying 69 articles, and proposing an
integrated methodology structured in 4 different sessions [38].
These results confirm the continuous growth in the literature
on user-centered approaches for app development. However,
all the design studies included in the review aimed to develop
apps to support individuals in actively managing their disease
through the adoption of behavior change techniques [39] and
other cognitive and emotional strategies.

In contrast, none of the studies intended to support the design
of data collection apps, with the exception of a single article
that focused on the development process of an app for
conducting population surveys, but it was meant to be used by
health care professionals only [40].

The design process of the ePRO app for the POWER study is
a novel attempt to adopt participatory approaches (and UCD,
more specifically) to support the collection of patient-reported
data Although we did not am to elicit improved
self-management behaviors, maximized technology acceptance
is afundamental prerequisite to increase the continuity in data
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entry and the likelihood of a study’s success. As the precise
aims that the app had to pursue were already explicit in the
POWER study protocol (ie, to maximize the likelihood of
collecting robust outcome data), the design processdid not start
from scratch and revolved around the how rather than the what.

Degpite this difference in the ultimate aim of the app, some of
the adopted design strategies we used are comparable with
recurring themes in previous studies.

To sustain user engagement, several of the included features
and strategies aimed at powering the intrinsic motivation of the
participants, defined elsawhere as atruistic motivation [41].
Thisiscoherent with the belief that although strategiesthat rely
on extrinsic motivation only (doing something that can lead to
an identifiable outcome) can be effective in the short term, when
individuals are intrinsically motivated (doing something which
is felt inherently enriching), they tend to achieve better results
and guaranteetheir continued participation inthelong run [42].
As aresult, increased attention was given to the Sudy details
and the Enrollment update sections, that intend to make the
individualsfeel they were part of acommunity and of a mutual
effort, which was certified by the growing number of active
sites and study participants enrolled.

Concurrently, we included multiple strategies aimed at making
the individual experience with the app as efficient as possible,
such as the acknowledgment notification to give visual
confirmation of the recording of completed questionnaires and
the chatbot function to facilitate users in the management of
any technical or content-related issues. Furthermore, the
guestionnaires were tested and revised multiple times to
streamline their completion and to minimize the participants
burden.

Third, to further facilitate the engagement activation process,
we tried to take on the challenge of personalization, realizing
that technologies should focus on each individua as unique,
evenintheir communication preferences and approachesto data
collection processes [43]. Personalization is a recurring theme
in app design studies but is typically implemented for ad hoc
self-management functionalities or goal setting [44-47]. Instead,
given the need to collect the same outcome data for all
participants in the POWER study, with no room for content
personalization, we included the possibility for users to tailor
some of the app graphics and added individual functionalities,
such as the treatment reminder, which could be accessed on a
voluntary basis. These enhancements do not have a potential
interventional effect on the outcomes of interest, and may help
generate a greater, personalized bond between the individual
user and the mobile app.

In addition to the app content, another domain that might sustain
user engagement pertains to the type of mobile device used
during the study (either apersonal or astudy device). Although
this ambivalence is a specific feature of mHealth studies, very
few studies have attempted to compare the 2 strategies
empirically in terms of adherence, with inconclusive statistical
results [48]. Despite this debate, there is still no unambiguous
settlement on the use of personal devices. However, this
strategy, which also goes by the name Bring Your Own Device,
has been unquestionably identified as the preferable solution
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during this app’s devel opment process. Thisoption isnot exempt
from potential shortcomings associated with the need to develop
apps that are compatible with a wide range of systems and
security settings [49], the potential selection bias that excludes
population segments who do not own a smartphone [50], and
the impossibility of locking down the device and maximizing
the methodological accuracy. Nevertheless, a persona device
presents one major advantage that counterbalances all of the
previous shortcomings, as it enhances the convenience for
patients, potentially reducing their burden and adopting a
pragmatic, real-world approach that replicates a setting more
familiar to all the participants.

Finally, to enhance the engagement with the ePRO app, we
strengthened the connection with the fitnesstracker that records
physical activity levels. Although wearables are standard
technologiesthat do not allow for discretion in their design and
were previously perceived as highly acceptable by patientswith
severe hemophilia [7], we reinforced their linkage with the
ePRO app by including an ad hoc screen that provided
participants with feedback on the number of daily hours the
tracker has been actualy worn and confirmed whether the
per-protocol minimum for physical activity levelsto be actually
registered (10 hours) was being met.

In addition, the ePRO app may indirectly activate engagement
by improving communication with the providers using
previoudy recorded data during routine consultations. The need
to be more closely monitored by their physicians was reported
by the patients during the FGs and has al so emerged in previous
app design studies [51,52]. Furthermore, the enhancement of
communication links between the health care professionalsand
the patients, as well as the capture of patient-reported data, are
considered among the 4 primary ways through which mHealth
can improve the management of hemaophilia A [14].

By the end of the design process, we achieved broad agreement
that the app was easy to use and had an appealing layout, both
preconditions for its sustained use over time. As shown
previously by other studies [37], 2 iterative cycles of usability
testing were sufficient to reach a satisfactory consensus among
the participants and the potential end users. The comparisons
of usability with other mobile apps that underwent a thorough
development processes are difficult to make because this app
is not directly aimed at self-management, and this study was
among thefirst to adopt the MAUQ.

Strengthsand Limitations

This research was based on alarge sample of participants and
included various perspectives by considering the views and
needs of the patients, their parents, their representatives, and
those of the clinicians during the development process.

Moreover, this study emphasized that user-centered approaches
can be applicable, and possibly even more significant, to the
development of digital solutions for populations affected with
rare diseases, which, by definition, require unique considerations
that may be less well-known compared with those for other
chronic disease populations. At the same time, the application
of the selected methodology to a rare disease group generated
additional challenges linked to the difficulties in selecting and

JMIR Form Res 2021 | vol. 5 | iss. 12 [e25071 | p.29
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

enrolling the participants. Working with smaller sample sizes
in rare study populations may be the only way to study them,
particularly for methodol ogiesthat requirethe physical presence
of participants [53], but several limitations should be
acknowledged. First, in terms of patient selection, although we
always targeted 5 participants in each of the FGs, in a couple
of cases, one of the intended participants communicated their
unavailability at short notice because of hemophilia-related
issues. Furthermore, to facilitate the identification of the
potential participants, we not only adhered to the inclusion
criteriaidentified for the POWER study, but also invited patients
with hemophilia A with different severity and inhibitor levels.
Although some of the participants were not within the target
population of the study, all patients with hemophilia A were
subject to similar outcome data collection in standard clinical
practice and were, thus, entitled to bring their contribution to
the development of the app.

Second, the number of practitioners involved was relatively
small and their points of view may not be representative of the
entire clinician population or of the organizations they
represented.

An additional limitation pertains to usability, which was only
evaluated before the field testing of the app in the study and
was not assessed longitudinally. Usability evaluation should be
a continuous process and should not be limited before
dissemination inthefield. Additional usability evaluationswere
planned during the study and at the end of the study through ad
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hoc use metrics aimed at analyzing the use trajectories.
Moreover, we based our usability assessment only on the end
user testing and did not properly include any heuristic evaluation
involving computer scientists, nor assessed the time to task
compl etion. The mobile app was subject to continuous technical
evaluations, and the technical development went hand in hand
with the content design.

Finally, the UCD process we adopted was mainly based on user
and clinical expert involvement, which are however just 2 of
the developmental factors could beincluded in the design phase
of an app [54]. We have noted that aternative methodologies
have been devel oped and they are becoming popular in studies
on mobile devices, such as the experience sampling method
[55].

Conclusions

The ePRO app will serve as a data collection platform in the
POWER observational study. Because al the outcome data
collected by the app are directly inputted by the patients, UCD
supported the identification of user requirements and the
refinement of the app. This process will hopefully meet the
users expectations and maximize their continuous use of the
app throughout the study. The actual level of engagement will
be properly monitored during the ongoing POWER study,
whereas future research results will assess the effectiveness of
this app and demonstrate the val ue of the development process
described here.
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Abstract

Background: eHedlth isapromising tool for promoting lifestyle behaviors such as a healthy diet and physical activity (PA).
However, making people use interventions is a crucial and challenging problem in eHealth. More insight into use patterns and
predicting factorsis needed to improve future interventions.

Objective: This study aims to examine the use, predictors of use, and appreciation of a web-based, computer-tailored, dietary
and PA promotion intervention, MyL ifestyleCoach, which isbased on the self-determination theory. First, we depict the participants
flow in the intervention and identify momentswhen they arelikely to discontinue use. Second, weinvestigate whether demographic,
motivational, and program-related characteristics predict the use of several intervention elements. Finally, we report the appreciation
scores for the intervention and the participant and program characteristics associated with these scores.

Methods: This study was based on data from web-based self-report questionnaires. Here, objectively assessed intervention use
data were analyzed from participants randomized to the intervention condition. Multiple stepwise (logistic) regression analyses
were conducted to examine the predictors of intervention use and evaluation scores.

Results: Our findings indicate alow full completion rate for the intervention among those who chose and completed the diet
modul e (49/146, 33.6%), the PA module (2/12, 17%), and both modules (58/273, 21.2%). Several pointsin theintervention where
participants were likely to stop using the intervention were identified. Autonomous and intrinsic motivation toward diet were
related to the completion of the initial sessions of the intervention (ie, the opening session in which participants could choose
which module to follow and the first session of the diet module). In contrast, controlled motivation was linked to the completion
of both modules (initial and follow-up sessions). Appreciation scores were somewhat positive. Appreciation was predicted by
several motivational constructs, such as amotivation and basic psychol ogical needs (eg, competence) and program-related features
(eg, number of completed sessions).

Conclusions: This study adds meaningful information on the use and appreciation of a web-based, computer-tailored dietary
and PA intervention, MyLifestyleCoach. The results indicate that different types of motivations, such as extrinsic and intrinsic
motivation, are at play at the points when people are likely to stop using the intervention. The intervention was appreciated fairly
well, and several motivational constructsand fulfillment of basic psychological heedswere associated with appreciation. Practical
implications of these findings have been provided in this study.

(IMIR Form Res 2021;5(12):€22390) doi:10.2196/22390
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Introduction

Background

Personalized eHealth interventions are promising for promoting
a wide array of healthy lifestyle behaviors, such as physical
activity (PA) and a healthy diet [1]. The true potentia of such
an intervention can only be reached when people are sufficiently
exposed to its content [2]. However, many people do not use
interventions as intended, and many people stop using the
intervention beforeit isfully completed. Eysenbach [3] referred
to this phenomenon as nonusage attrition. Research has shown
that approximately 50% of the participants used a typical
eHealth intervention as intended [4]. There is a general belief
regarding the features that make personalized eHealth
interventions effective and increase their use. The most essential
elements are an increased interaction with a counselor, more
frequent intended use, more frequent updates, and more
extensive use of dialog support [4]. So far, a detaled
understanding is lacking regarding the characteristics of
participants who use an intervention as intended, how people
navigate through interventions, and where they are likely to
stop using the intervention.

To date, several studies have identified predictors of eHealth
intervention use. In general, these studies show that age, gender,
employment status, a healthier BMI, and lifestyle have been
linked to the start, visit and revisit, and use of web-based
interventions [5-14]. Mixed results have been found regarding
marital status, working status, educationa level (athough
numerous studies show more use for higher-educated people),
income, motivation, and self-efficacy as correlates of
intervention use [14]. Not only do demographic characteristics
and current (lifestyle) behavior explain variance in use but also
user engagement, intervention characteristics, and psychol ogical
variables could also determine an intervention’s use. Motivation
toward a healthier lifestyle could be a crucial factor in use, as
it has been related to the initiation and maintenance of health
behavior [15,16]. Furthermore, a study found that users who
were more autonomously motivated to eat healthily were less
likely to stop using the intervention within the first 2 weeks of
the program [17]. However, the role of motivation in use has
not yet been closely examined [14].

Self-determination theory (SDT) is a macrotheory of human
motivation [18]. The SDT postulates that 3 basic psychological
needs must be satisfied to maintain optimal performance and
well-being. These 3 basic psychological needs are autonomy,
competence, and relatedness. When these needs are met, more
self-determined forms of motivation are fostered, leading to
more engagement in actions to achieve the intended behavior
change[18-21]. Inthe context of use, designing an intervention
in which conditions are implemented to support the basic
psychological needs may also enhance participation within an
intervention. For example, the basic psychological need of
autonomy can be implemented in an intervention by giving
participants the option to choose what parts of the intervention

https://formative.jmir.org/2021/12/e22390

they want to use and when they want to start with these parts
or giving participants a choice on which behavior to work. One
study found several characteristics, such as current lifestyle
behavior, program features, and amotivation to engage in
sufficient PA, to be related to module choice within a multiple
health behavior intervention [22].

Sofar, littleisknown about use and factorsrelated to use within
complex multiple-component (lifestyle) interventions, athough
this knowledge is very valuable for intervention improvement,
particularly concerning use. An intervention that could provide
useful information for this purpose is MyLifestyleCoach, a
web-based, computer-tailored intervention promoting dietary
and PA behavior based on SDT and motivational interviewing.
This approach could be one of the underlying mechanisms of
intervention use and its effectiveness. In thisintervention, people
can choose their own way of working through the intervention,
that is, which module they want to use (ie, diet, PA, both
modules, or no module), and they can decide when to start with
the chosen module or modules [23,24]. This approach gives
participants autonomy in selecting the behavior they prioritize
a a particular moment, which is considered to increase
intervention engagement and, ultimately, lower attrition and
increase use. Even for people who are aready (intrinsically)
motivated, thisintervention offerstools, such as an action plan,
to turn their desire to change behavior into action. In addition
to evaluating the use of MyLifestyleCoach, it is important to
understand how users appreciate this intervention and whether
specific characteristics predict use and appreciation.
Objectives

Thefirst aim of this study isto describe use of theintervention.
The second aim is to examine which characteristics are linked
to the use of initial and follow-up sessions. The third aim isto
examine the appreciation scores for the intervention and what
characteristics, especialy basic psychological needs, are
associ ated with this appreciation. This study does not shed light
on theintervention’s effects; instead, this study provides useful
insights for developing future eHealth interventions. For
example, it gives a more in-depth understanding of whether
providing participants a choice, such aswhich moduleto follow
and when to follow amodule, isbeneficia for intervention use.

Methods

Study Design

A 2-group randomized controlled trial (RCT) was conducted
in the Netherlands. For this study, observational data of the
intervention group of this RCT, called MyL.ifestyleCoach, was
used. Therefore, the control group data were excluded.
MyLifestyleCoach is a web-based, computer-tailored
intervention that consists of a diet module (I Eat) to promote
dietary behavior and a previously tested PA module (I Move)
to improve PA levels in Dutch adults. Participants in this
intervention could choose which of these modules they would
like to take part in both modules, the diet module only, the PA
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module only, or no module. Detailed information about the
development of the intervention and the design of the RCT,
which thisstudy ispart of, can befound elsewhere[23,24]. This
intervention is theoretically founded on the principles of SDT
and uses practical applications of motivational interviewing.
Thisintervention was devel oped using the intervention mapping
protocol [25]. This study was reviewed and approved by the
Committee for Ethics and Consent in Research of the Open
University of the Netherlands (reference U2018/07266/SVW).
This study was registered in the Dutch trial register (NL7333).
A data processing agreement with the software devel oper, who
acts in line with the General Data Protection Regulation, has
been signed. Furthermore, data that have been exported from
the software application are safely stored at the servers of the
Open University in accordance with the General Data Protection
Regulation.

Participants

The target group for this trial was Dutch adults aged 18-70
years. Participantswere recruited using aresearch panel between
October 2018 and May 2019. Thisresearch panel sent possible
participants an email containing some brief information about
the intervention and a link to the intervention website where
they could read more information about the goal, procedure,
and incentives for the study. The participants’ inclusion criteria
were age between 18 and 70 years, an adequate understanding
of the Dutch language, and possession of a computer or tablet
with accessto the internet. Participants who indicated that they
had already participated in previous comparable studies of our
research group were excluded.

Procedure of the I ntervention

Recruitment

A research panel organization sent several emails to recruit
participantsfor thisstudy. In thisemail, some basic information
was provided about this study. Participants could then choose
to click on alink leading them to the intervention website with
additional information. If participants wanted to participate,
they could click on the “| want to participate” button.

Preliminary Assessment and Baseline Questionnaire

Firgt, potential participants had tofill in some questionsto assess
the previously described inclusion and exclusion criteria of this
study and had to sign informed consent. Next, participantswere
randomly assigned by acomputer into theintervention condition
or the waiting list control condition (2:1) and filled in the
baseline questionnaire. Participantsin theintervention condition
then continued to the opening session. Participants allocated to
the waiting list control condition had no access to the
intervention. After the 12-month study period, that is, when
they completed the 12-month questionnaire, they were given
access to the intervention.

Opening Session

In the opening session, participants were introduced to the
program and video coaches. They also received feedback on
their dietary and PA behavior using atraffic light system based

on the baseline questionnaire results. Participants could receive
green advice, indicating that they were already adhering to the
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guidelines, and following the module was unnecessary;
nevertheless, they could have alook at the module. Green advice
was provided for diet when they ate at least 2 portions of fruit
per day, 250 g of vegetables per day, and fish once aweek and
consumed no unhealthy snacks per day in line with the Dutch
dietary guidelines [26]. For PA, green meant that they were
already engaging in =150 minutes of moderate to vigorous PA
(MVPA) per week according to the Dutch PA guidelines [27].
For diet, orange advice indicated that they were adhering to
advice for at least one targeting behavior but not all (eg,
consuming sufficient fish but not vegetables). For PA, orange
meant that they were engaging in 120-150 minutes of MV PA
per week. This cutoff point of 120 minutes of MVPA was
chosen based on previous PA guidelines. It was advised to
engage in at least 30 minutes of MVPA for at least 5 days per
week. Thus, 120 minutes of MVVPA (or 4 days of 30-minute
MVPA) meant that they almost adhered to the guideline [27],
and participants were advised to follow a particular module.
Red advice was provided when they did not adhere to any
dietary behaviors or had <120 minutes of MVPA per week.
Here, participants were strongly advised to follow a particular
module. Then, participants could choose whether they wanted
to follow the diet or PA module, both modules, or no module.
The participants who decided to start with the diet or PA module
were given the option to continue to the first session of the
module immediately after this opening session or at another
moment (within 14 days after the opening session). Participants
who decided to follow both modules had to select the module
they wanted to start directly and had to choose a date within 14
days after the opening session for the other module. The
participants who decided to select no module received an email
giving them the option to make a modul e choice again 2 weeks
later. More information can be found el sawhere [22].

Sessions Within Modules

Both the diet and PA modules comprised 4 sessions. In session
1, a healthy diet was explained according to the Netherlands
Nutrition Center, or guidelines for sufficient PA levels were
provided. Participants were able to see their results on their
dietary or PA behavior again. The importance and confidence
in eating (more) healthily or engaging in sufficient PA levels
were assessed, and feedback was given on this topic. Finaly,
participants could make an action plan. After 3 weeks from the
first session, participants could enter session 2. In this session,
they looked back on their perception of the importance of a
healthy diet or PA level. They could come up with new reasons
to start with the new behavior. Furthermore, they thought about
what effectsit would have on them if they started with the new
behavior (looking forward). Finally, they engaged in a part on
coping with difficult situations, including the identification of
personal strengths, and could formulate or change the action
plan. After 6 weeksfrom session 1, participantsfilled in ashort
guestionnaire about their current behavior (diet or PA) and then
entered session 3. An assessment took place on participants
current perception of theimportance of ahealthy diet or PA and
their confidence in achieving this behavior compared with
session 1. Participants a so received feedback on this assessment.
Participantswereinvited to think back on aproblematic situation
in which they struggled but managed the achieved behavior.
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They received feedback on their current dietary or PA behavior
compared with session 1 and could formulate or change the
action plan expressed in the previous session of sessions. After
3 months from session 1, they filled in a short questionnaire
regarding their current behavior (diet or PA) and then entered
session 4, which served as a booster session. Participants could
choose severa topics from previous sessions that they wanted

Coumans et al

to do. These topicsincluded feedback on their current behavior
compared with session 1, long-term personal motivation and
confidence, how to deal with difficult situations, and information
on how to maintain their new behavior after the end of the
program. Figure 1 shows an overview of the content of these
sessions. More detailed information on these sessions can be
found in the protocol papers[23,24].

Figure 1. Overview of the content of the sessionsin the intervention. PA: physical activity.

Opening session (15 minutes) — Baseline

* Intro video coach

+» Feedback on dietary behavior

* Importance ruler for healthy diet
» Feedback on PA

+ Importance ruler for PA

* Qutro video coach

* Module choice: diet module, PA module, both modules, or no module

¥

Diet or PA Session 1 (30 to 45 min) — Start module

* Intro video coach

+ Feedback on behavior

+ Option to make action plan
* Qutro video coach

+ Definition healthy diet or favorite physical activity

* Importance ruler and follow-up questions and feedback

+ Personal important values and link to diet or PA

« Expert videos about possible benefits of healthy diet or PA

+ Confidence ruler and follow-up questions and feedback

+ Videos with narratives on confidence of PA

* Situation in which participant succeeded in completing a challenging task

» Optional: Choice to participate in other module if only one module was chosen

v

Diet or PA Session 2 (15 minutes) — 3 weeks after session 1

* Intro video coach

* Identify personal strengths

« Anticipate on difficult situation

* Videos with narratives on planning

* Qutro video coach

* Identify new reasons for healthy behavior

+ Expert video with information about healthy diet or PA
+ Optional: Looking back at action plan

+ Adjust action plan or option to make action plan

+ Optional: Choice to participate in other module if only one module was chosen

v

Diet or PA Session 3 (30 to 45 minutes) — 6 weeks after session 1

* Intro video coach

« Barriers and coping
+ Feedback on diet or PA behavior

cope with these situations
* Optional: Looking back at action plan

+ Outro video coach

« Importance ruler and feedback compared with session 1
+ Confidence ruler and feedback compared with session 1

+ Videos with narratives on coping planning
* Identify difficult situations to keep up with the action plan and identify ways to

» Adjust action plan or option to make action plan

* Optional: Choice to participate in other module if only one module was chosen

v

Diet or PA Session 4 (10 to 15 minutes) — 3 months after session 1

* Intro video coach

+ Videos with narratives on motivation

program
+ Outro video coach

+ Feedback on diet or PA behavior compared with session 1

+ Long-term motivations for living a healthy life
« Difficult situation with succesfull coping strategy and how to continue after the
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Follow-up Questionnaire

After 6 months from when participants completed the baseline
guestionnaire, both in the intervention and control conditions,
they were sent an invitation email to complete the 6-month
follow-up questionnaire. Email reminderswere sent every week
for 4 weeks in total. Participants who completed all
guestionnaires were entered into a draw for 2 tablets and gift
vouchers of up to €50 (US $57.23).

M easur ements

The baseline questionnaire assessed demographic characteristics,
dietary and PA behaviors, and psychosocia constructs. All these
measurements were self-reported.

Demographics

Demographic characteristics included age, gender, education,
work status, physical impairment, marital status, weight and
height, and health status using athermometer-style visual analog
scale ranging from 0-100. These factors served as control
variablesin our analysis.

Motivation

Of the psychological constructs measured in this study, only
motivation was included. Motivation was assessed with 2
Treatment Self-Regulation Questionnaires, one for dietary
behavior and the other for PA behavior [28]. Participants had
to indicate the degree to which they agreed with each of the 15
statements on a 7-point Likert scale. There were 3 subscales:
amotivation (3 items), controlled motivation (6 items), and
autonomous motivation (6 items). This questionnaire did not
assesstheintrinsic motivation for these health-related behaviors.
For that purpose, we included the intrinsic regul ation subscale
(4 items) from the Dutch Behavioral Regulation in Exercise
Questionnaire-2 to determine the intrinsic motivation for PA
behavior and an adapted version of the Behavioral Regulation
in Exercise Questionnaire-2 to determine theintrinsic motivation
for dietary behavior [29]. Participants had to indicate the degree
to which they agreed with each of the 4 statements on a 5-point
Likert scale. The mean score was calculated for each
motivational construct.

Dietary and PA Behavior

Dietary behavior was assessed using avalidated Food Frequency
Questionnaire. The Food Frequency Questionnairewas extended
with questionsregarding the size of vegetable and fruit portions
based on the study by Huybrechtset al [30]. The outcomeswere
fruit intake, vegetable intake, fish consumption, and daily
consumption frequency of unhealthy snacks. For the calculation
of the consumption frequency of unhealthy snacks, wereferred
to the study by Coumans et al [31]. PA behavior for atypical
week in the past month was assessed using the validated Dutch
Short Questionnaire to Assess Health [32]. PA behavior was
operationalized as the total number of minutes of MVPA by
multiplying the frequency (days per week) and duration (hours
and minutes per day) of leisure and transport walking, leisure
and transport cycling, occupational activities, household
activities, gardening, odd jobs, and sports performed with
moderate or vigorous intensity.
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Process Evaluation

To assess appreciation, participants were asked to give an
appreciation score for the whole program on a 10-point scale
at 6 months from baseline. People also had to provide arating
for the diet and PA module, which ranged on a scale from 1
(very low) to 10 (very high), if they had completed at least 1
session of the particular module. Furthermore, participantswere
asked to what extent the program met their basic psychological
needs during the intervention on a 5-point Likert scale from 1
(fully disagree) to 5 (fully agree) [33]. A total of 2 items
assessed autonomy: (1) participants were asked if they could
determine which goalsthey could set and (2) which information
and pieces of advice they could read in the intervention.
Relatedness was assessed by 3items: (1) participantswere asked
if they felt involved in the intervention, (2) if the intervention
was personal, and (3) if they felt supported by the intervention.
Competence was assessed with 1 item: participants were asked
whether they had confidence in eating (more) healthily and/or
engaging in more or sufficient PA. The mean score for each of
these basic psychological needs was cal culated.

Finally, data on the completeness of sessions were used to
determine how many participants used a specific part of the
intervention (use). A completeness variable (1=completed and
0=not completed) was created for each session: the opening
session and module sessions 1, 2, 3, and 4 of the diet and PA
modules of the intervention. When participants finished a
session, the completeness variable was set to 1. For this study,
5 usevariableswere created: (1) finished opening session (1=yes
and 0=no), (2) finished thefirst session of the diet module when
only the diet module was chosen (1=yes and 0=no), (3) finished
the first sessions of both the diet and PA modules when both
modules were chosen (1=yes and 0=no), (4) finished the whole
diet module when only the diet module was chosen (1=yes and
0=no; based on 4 complete sessions), and (5) finished the diet
and PA module when both modules were chosen (1=yes and
0=no; based on 8 compl ete sessions).

Statistical Analysis

Descriptive statistics (mean and SD values) and fregquencies
(and percentages) were used to depict the characteristics of the
participants, the overall flow through the intervention, and
appreciation scores. Logistic regression analyseswere conducted
to examine which persona characteristics (age, gender,
education, marital status, work, physical impairment, health
status, and BMI) and motivational characteristics were related
to use. Use was subdivided into 3 parts according to different
pointsin theintervention: (1) completion of the opening session;
(2) the initial module's session, that is, completion of the first
session of the diet module when only the diet module was
chosen or the first session of the diet and PA module when both
modules were chosen; and (3) the follow-up sessions, that is,
completion of al 4 sessions of the diet module when only the
diet module was chosen or completion of all 8 sessions of the
diet and PA module when both modules were chosen.
Furthermore, linear regression analyses were performed to
investigate which demographic factors, motivational constructs,
and program features were associated with the intervention
appreciation scores (overall intervention, diet, and PA module).
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All statistical analyses were performed using the statistical
software R (version 3.6.0; R Foundation for Statistical
Computing). For all regression analyses, a stepwise approach
was used in which the demographic variables were entered in
the first step, motivational constructs were introduced in the
second step, and program features were added in the third step.
Varianceinflation factors were inspected before conducting the
analyses. Statistical significance was set at P<.05.
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Results

Participants Characteristics

The mean age of the sample was 51.9 (SD 13.1) years, there
were dightly more women than men participating in the study;
70.3% (545/775) of the sample was highly educated; and 64%
(496/775) were employed. The mean BMI of this sample was
considered to be slightly overweight. However, the proportion
of participants with a healthy weight was the largest. More
characteristics are presented in Table 1.
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Table 1. Demographic characteristics of the full sample (N=775).

Variable Value
Age (years), mean (SD) 51.9(13.1)
Gender, n (%)

Women 475 (61.3)

Men 300(38.7)
Education, n (%)

Low 29(3.7)

Medium 201 (25.9)

High 545 (70.3)
Marital status, n (%)

Partner 529 (68.3)

Single 246 (31.7)
Work, n (%)

Employed 496 (64.0)

Unemployed 279 (36.0)
Physical impairment, n (%)

No 740 (95.5)

Yes 35 (4.5)

BMI status?, mean (SD)

Underweight 15(1.9)
Normal 328 (42.3)
Overweight 279 (36.0)
Obese 153 (19.7)
BMI (kg/m?), mean (SD) 265 (5.2)
Health status (0-100), mean (SD) 69.9 (15.6)
Amotivation diet (1-7), mean (SD) 23(12)
Controlled motivation diet (1-7), mean (SD) 28(1.2)
Autonomous motivation diet (1-7), mean (SD) 55(1.2)
Intrinsic motivation diet (1-5), mean (SD) 35(1.0)
Amotivation PAP (2-7), mean (SD) 22(13
Controlled motivation PA (1-7), mean (SD) 2712
Autonomous motivation PA (1-7), mean (SD) 56(1.2)
Intrinsic motivation PA (1-5), mean (SD) 3.8(11)
Fruit, mean (SD) 1.4(1.1)
Vegetables, mean (SD) 143.1 (80.7)
Fish (0-7), mean (SD) 11(11)
Unhealthy snacks, mean (SD) 15(1.9)
MVPAS, mean (SD) 992.7 (836.8)

3Underweight: a BM| value of <18.5 kg/mz; normal weight: a BMI value ranging from 18.5 kg/m2 to <25.0 kg/mz; overweight: a BMI value ranging
from 25.0 kg/m2 t0 <30.0 kg/mz; and obese: aBMI value of 230.0 kg/mz.

bpa: physical activity.

°MVPA: moderate to vigorous physical activity.
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Description of the Participants’ Flow and M odule Use

Figure 2 illustrates the flow of participants. The boxes and text
in gray represent the control conditions. This study focuses
solely on the use and appreciation of theintervention. Therefore,
the control condition was not included, asthey did not take part
intheintervention in thistime frame. In total, 9806 individuals
were directly contacted viathe research panel organization. Of
these, 23.64% (2318/9806) of individuals visited the study
website and clicked on the “I want to participate” button;
16.55% (1623/9806) of these individuals passed the inclusion
criteriaand signed the informed consent and were randomized
into the 2 conditions. Several individuas in the intervention
condition did not complete the baseline questionnaire after
randomization (315/1090, 28.9%). Of the 775 participants in
theintervention condition, 619 (79.9%) made achoice on which
module (diet, PA, both, or none) to follow, and 579 (74.7%)
participants completed the entire opening session.

Of the 158 participants who chose to follow the diet module
only, 8 (5.1%) participants did not choose whether they wanted
to start immediately or later or did not fill in when to start with
the first session, and 4 (2.5%) participants did not receive an
invitation mail for the first session. Of the remaining 146
participants, half of them started immediately, whereasthe other
half wanted to start later. Of the 73 participants who decided to
start immediately, 44 (60%) completed session 1, 32 (44%)
completed session 2, 32 (44%) completed session 3, and 35
(48%) completed session 4. Of the 73 participants who decided
to start later, 39 (53%) completed session 1, 26 (37%) completed
session 2, 28 (38%) completed session 3, and 28 (38%)
completed session 4. Approximately 33.6% (49/146) of
participants completed all 4 sessionsin the diet module.

Within the PA module (n=12, as 2 participants did not receive
an invitation mail for the first session), half of the participants
decided to start immediately, and the other half wanted to start
later. Of the 6 participants who decided to start immediately, 4
(67%) completed session 1, 2 (33%) completed session 2, 1
(17%) completed session 3, and 1 (17%) completed the fourth
session. Of the 6 participants who decided to start later, only 1
(17%) completed all 4 sessions. Participants who only chose
the diet module were asked after every session, except for the
last one, whether they were interested in starting with the PA
module. Of the 17 participants who chose to start with the PA
module, 8 (47%) completed the first session of the PA module,
7 (41%) completed the second and third sessions, and 4 (24%)
completed the last session. Participants who only chose the PA
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module were asked after every session, except for the last one,
whether they were interested in starting with the diet module.
Of the 12 participants who only chose the PA module, 1 (8%)
participant was interested in the diet module; however, this
person did not complete any session of the diet module.

Of the 339 who chose both modules, 32 (9.4%) did not complete
the opening session, and 34 (10%) did not receive an invitation
mail for the second module because of atechnical error. Most
participants decided to start with the diet module (244/273,
89.4%) compared with the PA module (29/273, 10.6%). Full
completion rates, that is, those who completed all sessions as
intended, can be found in Figure 3. In the right panel, 2 lines
are added that represent the people who chose both modules
who completed the sessions of the separate diet module (dark
gray) or completed the sessions of the separate physical activity
module (light gray). Approximately 21.2% (58/273) of
participants completed all sessions of both modules.
Approximately 5% (4/77) of participantswho preferred to start
later with the module did not receive an invitation email for the
first session of the diet module because of a technical error.
Moreover, approximately 25% (2/8) of participants who
preferred to start later with the module did not receive an
invitation email for the first session of the PA module because
of atechnical error.

Participants who initially chose no module in the intervention
(110/775, 14.2%) were sent an email directing them to the
website where they could change their choice. Of the 110
participants, only 4 (3.6%) reconsidered their choice, and 2
(1.8%) chose amodule. Of the 110 participants, 1 (0.9%) chose
the diet module, 1 (0.9%) chose the PA module (and did not
finish any modules), and 2 (1.8%) chose the no module option

again.

Finally, 45% (349/775) of participants completed the follow-up
guestionnaire at 6 months from baseline. Of the 158 parti cipants
who chosethe diet module, 78 (49.4%) compl eted the follow-up
guestionnaire. Of the 14 participantswho chose the PA module,
9 (64.3%) completed the follow-up questionnaire. Of the 339
participants who chose both modules, 151 (44.5%) completed
the follow-up questionnaire. Of the 108 participants who did
not choose any module in the opening session, 58 (53.7%)
completed the follow-up questionnaire. Of the 156 participants
who did not enter the opening session or made no module
choice, 53 (33.9%) compl eted the follow-up questionnaire. This
follow-up measurement included the process evaluation
guestions.
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Figure 2. Participants flow in the randomized controlled trial. Participants did not need to complete the second session to be able to continue the third
session. Therefore, use rates do not necessarily represent afunnel shape. PA: physical activity.
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Figure 3. Completion rates (Ieft panel) and curves (right panel) stratified for module choice. PA: physical activity.
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Predictors of Use of Initial and Follow-up Sessions

As described in the previous section and as can be seen in the
participants’ flowchart (Figure 2) and the completion rates in
Figure 3, there are several moments within the intervention at
which participants stop using the intervention. First, severa
people did not complete the baseline questionnaire after
randomization (315/1090, 28.9%; Figure 2). Aswedid not have
the demographic characteristics of thisgroup, it was not possible
to further examine predictors of why they stopped using the
intervention. Second, there was a significant number of
participants who did not complete the opening session after
compl eting the baseline questionnaire (Figure 2). Third, another
group did not start or end thefirst session of their chosen module
(Figure 3). Fourth, numerous people did not complete the
sessions as intended, that is, about half of the participants
completed thewholeintervention once started (Figure 3). Here,
weinvestigate whether there are characteristics associated with
use for the latter 3 moments.

The logistic regression anaysis (Table 2) showed that
participants with a partner and those who had a higher intrinsic
motivation to eat healthily were less likely to complete the
opening session. Participants with higher scores on autonomous
motivation to eat healthily and those with a higher score on
intrinsic motivation to engagein sufficient PA were morelikely
to complete the opening session. Therefore, intrinsic motivation
toward PA increased the likelihood of completing the opening
session, whereas intrinsic motivation toward a healthy diet
decreased the likelihood of completing the opening session.

The logistic regression analyses relating demographic
characteristics, motivational constructs, and intervention features
with completing the first session showed that people who had
a physical impairment and those with higher scores on
autonomous motivation to eat healthily were more likely to
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completethefirst session of the diet module. On the other hand,
participants with a higher BMI or more intrinsic motivation to
eat healthily werelesslikely to complete the first session of the
diet module. For participants who chose both modules, the
results showed that participants having a higher self-reported
health status, more controlled motivation to PA, and receiving
red advice for PA compared with orange advice were more
likely to complete the first sessions of both modules. On the
contrary, participants with a partner or those who preferred to
start with the PA module were less likely to complete the first
sessions of both modules. The results are presented in Table 3.
Owing to the low number of participants that only chose the
PA module, predictors of usefor the PA modulewere not further
investigated, as it would have been statistically invalid.

Finaly, the regression anayses relating demographic
characterigtics, motivational constructs, and intervention features
with completing the entire intervention are presented in Table
4. The whole intervention could concern the 4 sessions of (1)
the diet module, (2) the PA module—owing to the low number
of participantsthat only chosethe PA module, predictors of use
for the PA module were not further investigated, as it would
have been statistically invalid—and (3) both the diet and PA
module. For participantswho only chosethe diet module, it was
found that those who received red advicefor diet in the opening
session compared with orange advice were more likely to
complete al sessions within the diet module. For participants
who chose both modules, the results showed that older
participants and those with a higher controlled motivation
toward PA were more likely to complete all sessions of both
modules. On the other hand, participants with more controlled
motivation toward diet, those receiving red advice for diet
compared with orange advice, or those who preferred to start
with the PA module were less likely to complete al sessions of
both modules. Thefull basic modelscan befound in Multimedia
Appendix 1.
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Table 2. Results of the stepwise logistic regression analyses (full model) showing variables associated with completing the opening session (N=775)2,

Predictors Compl eted opening session (1=yes and 0=no)

Oddsratio (95% Cl; SE) P value
Intercent 1.31(0.21-8.09; 0.93) 77
Age 1.003 (0.99-1.02; 0.01) .69
Gender® 1.27 (0.88-1.84; 0.19) 20
Education hight 0.98 (0.66-1.47; 0.21) 93
Education low® 1.09 (0.40-2.94; 0.51) .86
Marital status partner® 0.60 (0.41-0.89; 0.20) .01°
Work employed’ 0.97 (0.67-1.41; 0.19) 87
Impairment? 1.74 (0.66-4.57; 0.49) 26
BMI 1.04 (0.996-1.08; 0.02) .08
Health status 1.0005 (0.99-1.01; 0.01) .94
Amotivation diet 1.09 (0.88-1.33; 0.10) 43
Amotivation PAD 0.90 (0.74-1.10; 0.10) 30
Controlled motivation diet 0.95 (0.75-1.20; 0.12) .68
Controlled motivation PA 1.12(0.89-1.42; 0.12) .33
Autonomous motivation diet 1.35(1.05-1.74, 0.13) 028
Autonomous motivation PA 0.80 (0.61-1.04; 0.13) 10
Intrinsic motivation diet 0.60 (0.48-0.76; 0.12) <0018
Intrinsic motivation PA 1.38 (1.13-1.68; 0.10) 0018

8Theresults interpretations are reported when all other predictorsare held constant. Explained variance R tjur=0.054; Akaikeinformation criterion=869.59.
PFemale s the reference category.

“Medium education is the reference category.

dg ngle is the reference category.

®Values represent statistical significance.

"Bei ng unemployed is the reference category.

9No physical impairment is the reference category.

Ppa: physical activity.
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Table 3. Results of the stepwise logistic regression analyses (full model) showing variables associated with completing the first session for the diet

module and both modules.

Predictors

Session 1 (1=yes and 0=no)

Diet module*? Both modules®
ORY (95% CI: SE) P value OR (95% ClI; SE) P value

Intercept 2.88 (0.04-221.08; 2.22) 63 0.06 (0.002-2.39; 1.85) 14
Age 1.02 (0.99-1.06; 0.02) 26 1.02 (0.99-1.04; 0.01) 15
Gender® 0.69 (0.31-1.56; 0.41) .38 0.70 (0.38-1.31; 0.32) .27
Education high' 1.02 (0.38-2.73; 0.50) 96 1.39(0.73-2.66; 0.33) 32
Education low' 153 (0.19-12.44; 1.07) 69 1.21(0.25-5.91; 0.81) 82
Marital status partner? 1.03 (0.43-2.45; 0.44) 95 052 (0.28-0.95; 0.31) o
Work employed 1.26 (0.53-3.01; 0.44) .60 0.84 (0.46-1.54; 0.31) .57
Impairment 9.05 (1.06-77.10; 1.09) oa" 3.04 (0.79-11.75; 0.69) 12
BMI 0.87 (0.79-0.97; 0.05) 009" 0.98 (0.93-1.04; 0.03) .55
Health status 1.02 (0.99-1.05; 0.02) .25 1.04 (1.01-1.06; 0.01) oo1h
Amotivation diet 0.83 (0.49-1.39; 0.26) 47 1.19 (0.84-1.67; 0.17) .33
Amotivation PAK 1.50 (0.95-2.37; 0.23) .08 0.72 (0.49-1.06; 0.20) 10
Controlled motivation diet 1.24 (0.68-2.25; 0.30) A48 0.70 (0.47-1.06; 0.21) .09
Controlled motivation PA 0.65 (0.37-1.15; 0.29) 14 1.70 (1.13-2.57; 0.21) o1
Autonomous motivation diet 2.27 (1.17-4.41; 0.34) o2" 0.995 (0.64-1.55; 0.23) .98
Autonomous motivation PA 0.69 (0.36-1.33; 0.33) .27 0.97 (0.61-1.55; 0.24) .90
Intrinsic motivation diet 0.53 (0.31-0.91; 0.27) o2" 0.94 (0.66-1.33; 0.18) 71
Intrinsic motivation PA 1.05 (0.65-1.33; 0.25) .83 0.80 (0.58-1.11; 0.17) .19
Diet advice greenl'm _n — 0.00 (974.90) .99
Diet advice red 2.77 (0.98-7.86; 0.53) 06 059 (0.31-1.12; 0.33) 1
PA advice green — — 3.18(0.40-24.92; 1.05) 27
PA advice red — — 16.82 (1.28-221.17; 1.31) o
Module start (later®) 0.55 (0.25-1.22; 0.40) 14 — —
First module (PAP) — — 0.21 (0.07-0.63; 0.56) 005"

3physical activity advice was not included, as 3 participants did not receive green advice. Odds ratios were unreliable when this variable was included
in the analyses. The results' interpretations are reported when all other predictors are held constant.

PObservati ons=146; R tjur=0.158; Akaike information criterion=215.19.
CObservations=273; R? tjur=0.167; Akaike information criterion=366.99.
d0OR: odds ratio.

®Female is the reference category.

"Medium education is the reference category.

95ngle is the reference category.

Pvalues represent statistical significance.

iBei ng unemployed is the reference category.

INo physical impairment is the reference category.

Kpa: physical activity.

IOrange advice is the reference category.

MOnly 2 participants received green advice. Consequently, the odds ratio and SE are less reliable, and Cl is not reported.
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"These variables were not included in the model.
ODirectly starting with the first session was the reference category.
PChoosing the diet module to start with when both modules were chosen was the reference category.
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Table 4. Results of the stepwise logistic regression analyses (full model) showing variables associated with completing all sessions when the diet or
both modul es were chosen?.

Predictors All sessions (1=yes and 0=no)

Diet module” Both modules®

ord (95% CI; SE) P value OR (95% ClI; SE) P value
Intercept 0.05 (0.001-3.91; 2.25) 18 0.22 (0.003-14.94; 2.16) 48
Age 1.04 (0.998-1.08; 0.02) 07 1.03 (1.002-1.07; 0.02) 04°
Gender' 0.99 (0.44-2.22; 0.41) .98 1.08 (0.52-2.25; 0.37) .83
Education high? 1.55 (0.60-4.04; 0.49) 37 1.34 (0.61-2.96; 0.40) 47
Education low? 1.32(0.17-10.57; 1.06) 79 1.12 (0.15-8.10; 1.01) 91
Marital status partner” 0.91 (0.38-2.18; 0.44) 84 051 (0.25-1.04; 0.37) .06
Work employedi 0.85 (0.35-2.07; 0.45) 72 0.73(0.36-1.49; 0.36) .39
Impairmentj 0.88(0.14-5.32; 0.92) .89 1.82(0.36-9.13; 0.82) A7
BMI 0.95 (0.86-1.05; 0.05) .32 0.95 (0.89-1.02; 0.03) 14
Health status 1.01 (0.98-1.04; 0.02) .63 1.02 (0.99-1.04; 0.01) A7
Amotivation diet 1.19 (0.71-1.99; 0.26) 51 1.27 (0.85-1.89; 0.20) 25
Amotivation PAK 1.19(0.76-1.85; 0.23) 45 0.95 (0.60-1.49; 0.23) 82
Controlled motivation diet 1.09 (0.60-1.97; 0.30) .79 0.43 (0.25-0.75; 0.28) 0038
Controlled motivation PA 0.63 (0.35-1.13; 0.30) 12 2.60 (1.48-4.59; 0.29) 0018
Autonomous motivation diet 1.55 (0.82-2.95; 0.33) .18 0.92 (0.52-1.53; 0.25) 74
Autonomous motivation PA 0.82 (0.44-1.53; 0.32) .52 0.89 (0.52-1.53; 0.28) .67
Intrinsic motivation Diet 0.96 (0.56-1.64; 0.28) .88 0.83(0.53-1.30; 0.23) 42
Intrinsic motivation PA 1.07 (0.65-1.75; 0.25) .79 0.92 (0.62-1.39; 0.21) .70
Diet advice green™ _n — 0.00 (951.69) 99
Diet advice red 3.17 (1.11-9.04; 0.53) 03¢ 0.39 (0.16-0.90; 0.43) 03¢
PA advice green — — 1.69 (0.15-19.40; 1.24) 67
PA advice red — — 9.89 (0.50-194.10; 1.52) 13
Start (later®) 0.56 (0.26-1.23; 0.40) 15 — —
First module (PAP) - — 0.05 (0.01-0.50; 1.16) 018

8The results’ interpretations are reported when all other predictors are held constant.
PObservati ons=146; R tjur=0.099; Akaike information criterion=211.14.
CObservations=273; R? tjur=0.188; Akaike information criterion=276.69.

dOR: odds ratio.

®Val ues represent statistical significance.

Femaleis the reference category.

9Medium education is the reference category.

hg ngle is the reference category.

iBei ng unemployed is the reference category.

INo physical impairment is the reference category.

Kpa: physical activity.

IOrange advice is the reference category.

MOnly 2 participants received green advice. Consequently, the odds ratio and SE are less reliable, and Cl is not reported.
"These variables were not included in the model.
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ODirectly starting with the first session was the reference category.

Coumans et al

PChoosing the diet module to start with when both modules were chosen was the reference category.

Appreciation and Its Predictors

After 6 months from baseline, participants were asked to
complete the follow-up questionnaire, including the process
evaluation measures. These process evaluation measurements
focused on the extent to which the program met the participants
basic psychological needs, which were operationalized as the
ratings they gave for autonomy, competence, and relatedness.
The mean appreciation score for the intervention as a whole
was 6.9 (SD 1.7). Approximately 83.3% (245/294) of
participants provided a rating of 6 out of 10 or higher
(sufficient). Overall, the mean scores of the process evaluation
variables represented neutral (relatedness and competence) to
positive scores (autonomy) of the intervention. For autonomy,
the averagerating was 3.9 (SD 0.8; 291/294, 99%) out of 5. For
relatedness, the average rating was 3.1 (SD 0.9; 291/294, 99%)
out of 5. For competence, the average rating was 3.0 (SD 1.0;
291/294, 99%) out of 5. The appreciation of the diet module
was, on average, 7.1 (SD 1.7; 159/294, 54.1%), whereas the
appreciation of the PA module was, on average, 7.4 (SD 1.7,
101/294, 34.4%).

https://formative.jmir.org/2021/12/e22390

The results of the regression analyses with appreciation scores
can befound in Table 5. The results showed that there were no
demographic characteristics associated with appreciation scores.
The only variable that was significantly associated with all
appreciation scores was competence: feeling more confident
because of the program in eating (more) healthily or engaging
in sufficient PA was associated with higher appreciation scores.
For the overall appreciation score, it was found that choosing
both modules compared with no module was linked to alower
appreciation score. However, completing more sessions in the
PA module was related to a higher appreciation score. For both
the diet and PA appreciation scores, the results showed that
feeling more related to the program was linked to higher
appreciation scores. For the appreciation of the diet module, it
was found that a higher amotivation to PA and being more
intrinsically motivated to eat (more) healthily was linked to
higher appreciation scores. For the appreciation of the PA
module, it was found that a higher amotivation to eat (more)
healthily was related to a lower appreciation score, whereas
being more autonomously motivated to engagein sufficient PA
waslinked to ahigher appreciation score. Thefull basic models
can be found in Multimedia Appendix 2.
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Table 5. Results of the stepwise regression analyses (full model) showing variables associated with appreciation scores?

Coumans et al

Predictors Appreciation” Appreciation of diet module® Appreciation of PAY module®
of (SE) B9 Pvaue b (SE) B Pvalue b (SE) B P value
Intercept 0.43(1.17) 0.00 71 117 (1.35) 0.00 .39 0.36(1.63) 0.00 .83
Age (years) 001 (0.01) 0.06 35 -000(001) -0.03 .71 -001(001) -005 57
Gender” -011(0.18)  -0.03 56 -015(0.20) -0.04 .45 019(027) 005 49
Education high 014(021) 004 50 005(0.22) 001 81 -005(0.28) -001 .8
Education low 0.28 (0.46) 0.03 54 -0.25(0.43) -0.03 57 0.14(0.71) 001 85
Marital partner 021(0.19) 006 29 003(021) 001 88 0.04(0.29) 001 89
WorkK 0.0003(0.19) 00001 .99 0.07(0.20) 0.02 71 0.05(0.28) 001 86
Impairment -073(041)  -010 .08 -009(0.39) -001 .8 -017(049) -003 .72
BMI 001(002 003 55 -001(0.02) -004 59 -002(0.02) -009 .26
Hedlth status 0.006 (0.01) 0.04 .52 -0.002 -0.02 .80 -0.01(0.01) -0.05 .56
(0.02)

Amotivation diet 0.14 (0.12) 0.10 20 -010(0.11) -007 .38 -037(0.18) -024 (5"
Amotivation PA 0.0003(0.11) 00002 .99 024(0.12) 017 o5 034(017) 023 .06
Controlled motivation Diet  0.07 (0.12) 0.05 56 -0.09(0.15) -007 53 002(0.17) 002 .90
Controlled motivation PA ~ -0.14(0.12)  -0.10 .27 -0.09(0.14) -007 51 -015(017) -011 4
Autonomousmativationdiet —0.05 (0.14) -0.03 74 0.25(0.19) 0.17 .18 -0.10(0.19) -0.07 .61
Autonomous motivation PA  0.23 (0.14) 0.15 .09 0.09(0.19) 0.6 64 052(0.20) 0.37 o1
Intrinsic motivation diet ~ 0.19 (0.12) 0.10 11 031(0.13) 0.8 o 0.12(0.18) 007 51
Intrinsic motivation PA -0.12(0.10)  -008 .23 -009(011) -0.06 .40 -004(015) -003 .82
Autonomy 0.22 (0.13) 0.10 .10 0.17(0.15) 0.06 .27 0.32(0.21) 0.12 A3
Relatedness 031(0.18) 016 10 038(0.17) 020 03™ 051(0.25) 026 5™
Competence 059(0.14) 034 <oo1™ 078(013) 0.9 <oo1™ 052(018) 034 005™
Diet advice green” 125(143 004 38 _o — — — — —
Diet advice red” 0.14(0.21) 0.03 49 -007(022) -0.02 .74 -022(029) -0.05 .45
PA advice green” 0.43 (0.61) 0.06 48 0.04(0.68) 001 96 044 (0.77)  0.08 57
PA advice red” -032(0.73) -004 .66 -0.26(0.81) -0.03 .74 054(0.88)  0.09 54
Module choice diet? -045(031)  -011 .14 -0.26(0.19) -007 .18 -014(051) -002 .79
Module choice PAP 032(054) 003 55 — — — 029(0.70) 003 68
Module choice bothP -058(0.27)  -0.17 03" - - - - — -
Sessions diet 0.03 (0.07) 0.04 61 -0.04(0.10) -0.02 .67 — — —
Sessions PA 0.15 (0.07) 0.15 04m — — — 027(0.16) 013 .09

#The results’ interpretations are reported when all other predictors are held constant.
PObservati ons=291; R?/R? adjusted=0.431/0.368; Akaike information criterion=1047.00.

Observations=159; R?/R? adjusted=0.669/0.607; Akaike information criterion=494.01.

dpa: physical activity.

€Observations=101; REIR? adjusted=0.726/0.630; Akaike information criterion=318.10.

fo: unstandardized regression coefficient.
9B: standardized regression coefficient.
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PFemaleis the reference category.

IMedium education is the reference category.

Ig ngleis the reference category.

KBei ng unemployed is the reference category.

'No physical impairment is the reference category.
MValues represent statistical significance.
"Orange advice is the reference category.

®These variables were not included in the model.

Coumans et al

PChoosing no module is the reference category in the general intervention’s appreciation, whereas choosing both modulesiis the reference category for

the appreciation of the diet module and the physical activity module.

Discussion

Principal Findings

This study has described the flow of participants in the
MyLifestyleCoach intervention and identified characteristics
related to thisintervention’s use and appreciation. Our first aim
was to describe the participants’ flow. Our findings resemble
the typical nonusage attrition curve [3]. This was indicated by
the largest drop in participation after the first session, and the
attrition rate declined exponentialy in subsequent sessions.
Morethan haf of the participants completed the entire 4 sessions
in the case of 1 module or even 8 sessions in the case of both
the diet and PA module intervention once they completed the
first session of the module or modules. For instance, by
implementing autonomy in our intervention and by offering
participants achoicein which module or modulesto participate,
we expected to reduce this decline. Unfortunately, this was not
the case, as only 20%-30% (diet module: 49/146, 33.6%; PA
module: 2/12, 17%; both modules: 58/273, 21.2%) of
participants completed their chosen module or modules. These
numbers were (dightly) lower than those of other multisession
PA interventions [34,35]. However, these interventions are not
entirely comparable. Our intervention was more elaborate and
did not only concern PA behavior but also concerned diet
behavior. In addition, 2 findings regarding offering choices to
the participants are worth mentioning; refer to the Implications
section. When participants received areminder email to revise
their initial choice of following no module, it was remarkable
that only 2 participants changed their initial module choice and
decided to start a module. Another important finding was that
more participants who indicated not to follow a module in the
opening session were more likely to complete the follow-up
guestionnaire than participants who did not enter the opening
session or did not make a module choice.

Our second aim was to examine which characteristics are linked
to the use of initial and follow-up sessions. This study has
demonstrated that age, marital status, health status, BMI, and
physical impairment were related to key moments of stopping
to use our intervention. In general, these findings are in line
with previousliterature[7,10,12,13,36]. Interestingly, aprevious
study by our research group discovered atrend that peoplewith
physical disabilities were less likely to choose the PA module
on top of the diet module [22]. In this study, we found that they
weremorelikely to complete thefirst session of the diet module
when only the diet module was chosen. A reason for this could
bethat peoplewith physical disabilitiesare morelikely tofocus
and work on their dietary behavior, as they have fewer options

https://formative.jmir.org/2021/12/e22390

to improve their PA because of their impairment. This finding
showsthe potential for specific groupsin eHealth interventions
inwhich people can choose the behavior or behaviorsthey prefer
to work on. Furthermore, there seems to be a pattern that
different motivation types are related to use at different points
when people are likely to stop using the intervention. More
autonomous motivation was associated with the completion of
the opening session and the first session of the diet module. In
contrast, participants who were more intrinsically motivated
toward a healthy diet were less likely to complete these initial
sessions. Thisfinding is consistent with a study that found that
users with higher levels of autonomous motivation toward
dietary behaviors at baseline were less likely to stop using the
intervention at an early moment [17]. Thus, perceiving eating
healthily as a personally valued (and integrated) goal may be a
relevant driver of initial use than the inherent joy of a healthy
diet. On the other hand, more intrinsic motivation toward PA
was associated with completing the opening session. This
indicates that engaging in PA for inherent joy is relevant in
initial use. Controlled motivation toward PA was linked to the
starting and completion of both modules. These participants
could have felt more pressure to start and complete the whole
intervention by external regulations, for example, for areward
or introjected regulationsfor PA, for instance, to avoid negative
feelings[37]. Thus, itisimportant to take the precise motivation
type into account to stimulate use of the intervention.

Some program-related features are also linked to use, such as
the advice aperson received at the start of the intervention based
on an assessment of the dietary and PA behavior on his or her
initial behavioral performance. For instance, people with red
advicefor diet, indicating much room for improvement in their
dietary behavior, were less likely to complete the whole
intervention and thus both modules but were more likely to
compl ete the diet module when only the diet modulewas chosen.
The red diet advice seemed to increase participants focus to
follow the diet sessions while decreasing their broader
participation, possibly because of ahigh load or ego depletion
and alack of mental resources [38]. Therefore, it is important
to keep in mind whether it is beneficial to provide advicein an
intervention, asthismay either have negative or positive effects
on use. Another finding was that giving participants a choice
when to start with the module was not predictive of completion.
Thus, postponing the start of amodul e does not necessarily lead
to nonusage attrition.

The third aim of this study was to describe the appreciation
scores for the MyL ifestyleCoach intervention and examine its
predictors. First, the participants rated the intervention as
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reasonably positive. Second, no demographic factors were
related to the appreciation scores. Regarding the motivational
constructs, being less motivated toward being physically active,
thus having higher amotivation, was associated with a higher
appreciation of the diet module. These participants might be
solely interested in the diet module and give a higher rating as
aresult. Having lower amotivation toward eating healthily was
associated with a higher appreciation of the PA module. Those
participants might value ahealthy diet or even ahealthy lifestyle,
and as a result, provide a higher rating. Furthermore, more
autonomous motivation toward being physically active was
associated with a higher appreciation of the PA module. In
addition, higher scores on basic psychol ogical needs, particularly
competence and relatedness, were linked to more favorable
ratings of the program. Finally, some program features were
also related to higher appreciation scores, such as the choice
option. Wefound that choosing no module compared with both
modules in the opening session and finishing more sessionsin
the PA module were related to a higher appreciation score.
These evaluation scores, including an evaluation of the basic
psychological needs of autonomy, competence, and rel atedness,
were assessed at the 6-month follow-up questionnaire. Here, a
large proportion of participants (426/775, 55%) dropped out
(see the Limitations section).

Implications

Although our intervention structure may not necessarily be
generalizableto other interventions, we provide someimportant
implications that could be useful for the development of future
interventions. First, we found that sending a generic reminder
email to the participants whose initial choice was not to
participate in the intervention minimally increased further
intervention use, as only 2 participants revised their choice.
Therefore, generic reminder emails are not recommended for
this purpose. Instead, emails that contain new or different
content or are tailored to specific characteristics, such as the
extent of self-determination, might motivate people more to
initiate a module [39,40].

Second, our results show that when people are given the option
of beginning directly after the opening session or at a later
moment, attrition rates are not negatively affected; however,
this option does not improve use either. People possibly
experience more autonomy by choosing the time point of using
intervention parts, which might prevent them from stopping
using the intervention and dropping out early. Thus, it can be
assumed that providing participants with an option of when to
start with the intervention is not detrimental for use.

Third, after people completed the first session of a module,
about half of them finished the intervention comprising 4 or
even 8 sessions spread over 3 months. It is recommended to
make the first session of an intervention short and challenging
and allow the person to choose small goals and achieve some
success. However, morein-depth research isneeded to examine
why some individuals are more likely to adhere at particular
momentswithin the intervention or give morefavorableratings.
Further research should be undertaken to explore what could
be improved to make participants more likely to adhere to the
intervention. Examples of possibleimprovements could be more
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relevant content, better tailoring to specific groups, or using
motivational interviewing to improve importance as early as
possible.

Finaly, the relative number of completed follow-up
guestionnaires was similar for the participants who chose to
follow 1 or both modules and for those whose choice was to
not follow any module. Thislatter group might have been more
likely to stop using the intervention modules when this had been
made obligatory and at risk of dropping out for the follow-up
guestionnaires. Thus, giving them a choice to start with the
intervention, which is with a particular module, has prevented
losing them to the follow-up questionnaires. This approach
might have resulted in a slightly higher percentage of people
who completed the follow-up questionnaire (349/775, 45% vs
409/987, 41.4%) compared with the previously tested single
behavior | Move intervention [34].

Limitations

There are several limitations worth mentioning. First, only
self-reports were used to gather data. People could have
responded in amore socially desirable way. For instance, they
could have reported consuming more fruit and vegetables than
they actually consume. This could have an effect on the received
advicein the opening session [41]. Second, selection bias may
have been present at some points of using attrition and dropout
in this study. We cannot further investigate this as no
information, such as demographics or motivation, is available
for those who did not fill in the baseline questionnaire after
randomization. It is likely that those who were not motivated
to change their behavior more often dropped out. Third, this
study focused on the theoretical framework of SDT, particularly
focusing on mativation as a predictor of use and appreciation.
Other psychosocial constructs, such asintention, could also be
relevant to use. In aprevious study, we found that these variables
are highly correlated [22]. Therefore, we did not include these
variables in our analyses to avoid multicollinearity. Finally,
generalizability may be questioned, asalarge part of our sample
was highly educated. Thisisgenerally found in eHealth research
(eg, the study by Rhodes et a [42]). Although our results
demonstrate that education is not related to use at any point in
this intervention, our predominantly highly educated sample
could also have biased our findings. Nevertheless, future studies
could aim to develop promotion strategies to attract more
specific subgroups, such as less educated people with a less
healthy lifestyle [43].

Conclusions

This process evaluation study adds meaningful information on
the use and appreciation of a web-based, computer-tailored
dietary and PA intervention—MyLifestyleCoach. The results
indicate that different types of motivation that were examined
in this study at play at other moments where people are likely
to stop using the intervention, such as the initial session or
sessions or completing the whole intervention. Appreciation
was associated with several motivational constructs, such as
amotivation and intrinsic motivation, and related to basic
psychological needs, such as competence. We derived some
practical implicationsfor devel oping eHealth interventionsthat
contain multiple health behaviors. For instance, we found that
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about half of the participants ended the entireinterventiononce  challenging, and rewarding and allow the person to choose small
they finished thefirst session. Therefore, werecommend making  goals and achieve success.
the first session in a multiple-session intervention short,
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Abstract

Background: Health and well-being promotions are key points of educational programs for adolescents within schools. There
are several health education programs mainly based on lifestyle habit changes; however, social and emational dimensions should
be considered within these educational strategies.

Objective: Thisstudy aimed to (1) develop anew web-based school support system to assess and analyze individual, classroom,
and scholastic ingtitute data on lifestyle habits, social context, emotional status, and scholastic performance; (2) create aweb tool
for managing the well-being of adolescents through a dynamic and personalized interface that provides immediate feedback that
allows the school to monitor progress; and (3) evaluate, in a pilot study, the feasibility of this web-based school support system
in order to build health programs that are specific to the needs of the studied popul ation.

Methods: The AVATAR (a new purpose for the promotion and evaluation of health and well-being among healthy teenagers)
method consists of integrating the information coming from different questionnaires. In particular, to allow planning didactic and
educational actions based on the results obtained, the AVATAR approach allows subdivision of the results of the different observed
variables and the 4 components into the following 3 percentile categories. modify, improve, and maintain. The AVATAR web
platform was designed to collect data on lifestyle, emotional status, and social context from junior high schools in terms of the
fundamental aspects of adolescent daily life, with free use by the scholastic community (scholars, teachers, and parents). In this
pilot/feasibility study, datafrom 331 students were acquired between 2018 and 2019 at the beginning of the scholastic year (pre)
and at the end following the school-based program (post).

Results:  Preliminary results showed that after school planning and specific program implementation, defined after AVATAR
feedback, students reported better well-being perception characterized by higher perception in psychol ogical well-being (P=.001),
mood (P=.001), self-perception (P=.006), and autonomy (P=.001), and an increase in the perception of financial resources
(P=.001), which helped in devel oping healthy lifestyle habits (P=.007). In the social context assessment, students reported stronger
relationships with family (P=.02) and peers (P=.001), and alower perception of bullying (P=.001).

Conclusions: The AVATAR web-based platform is a feasible and flexible tool for the health and well-being management of
adolescentsfrom epidemiological, preventive, and educational pointsof view. In particular, it can be used to (1) promoteinformation
campaigns aimed at modifying risk behaviorsin the student population, (2) sensitize students and put them at the center of their
growth path, (3) inform institutions about the health and well-being of the school population, (4) ensure health programs are
acceptable and feasible to users beforelaunching on alarge scale, and (5) improve the rel ationship of users (school) and educational
agencies with research groups.
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Introduction

Health and well-being promotions are key points of educational
programs for adolescents within schools. Schools allow
obtaining alarge number of adolescents from different family
social backgrounds and represent a more naturalistic and
interactive environment to induce positive effects on health
from social (eg, family, peers, and teachers) and cultura
perspectives[1,2]. There are several health education programs,
which are mainly based on lifestyle changes (in particular, diet
and exercise), that significantly reduce theincidences of obesity
and metabolic syndrome[3]. However, considering that different
factors have impacts on health and well-being in adolescents,
including those in the social, emotional, and mental context,
these health components should be implemented within health
education programs [4]. In this regard, the KIDSCREEN
guestionnaire is a standardized tool to assess the quality of life
and well-being of adolescents, which has been validated in
several European countries and includesitems of different areas
impacting health in adolescents, that can help to identify critical
areas for health education program interventions [5]. In this
way, health education programs can be more focused on the
needs of adolescents through the identification of the itemsto
improve and those to potentiate. In the perspective of an
integrated and multidisciplinary framework of health
intervention, our group devel oped an integrated and personalized
index of well-being built on the integration of the weights of
items belonging to the dimensions of lifestyle, social context,
emotional status, and mental skills[6]. Thisindex has been built
for a single adolescent, where health interventions can be
oriented in a personalized approach. However, in a school
context, health programs need to be oriented to the class and
institute community, taking into account the health profile of
each student. This pushed usto develop atool in which the data
of students on the abovementioned dimensions were provided
as classroom data and institution data.

This study aimed to examine the potentia impact of the
development of aweb-based school support system to acquire,
archive, and analyze online data about lifestyle habits, social
context, emotional status, and scholastic performance in order
to provideimmediate feedback of the results to the school. The
goal of this pilot study was to evaluate the feasibility of this
web-based tool to monitor longitudinally the effects of health
programs adopted in relation to questionnaire results.

Methods

Overview

In this pilot/feasibility study, first, we developed a web-based
school support system to acquire, archive, and analyze in rea
time data about lifestyle habits, social context, emotional status,
and scholastic performance among students. Second, wereported
the methods and results of the feasibility study. All procedures

https://formative.jmir.org/2021/12/e24840

performed in this study were in accordance with the ethical
standards of the institutional and/or national research committee
and with the 1964 Hel sinki declaration and itslater amendments
or comparable ethical standards. The protocol was approved by
the regional ethics committee (166/2018). In addition, the
pilot/feasibility study was approved by the internal ethics
committee of each participating school, in accordance with
Italian law. All parentsor legal guardians gave informed consent
and authorized researchers to use the data in accordance with
[talian law.

General Aspects of the AVATAR Web-Based Tool

The web-based platform was designed to collect datafrom junior
high schools participating in the AVATAR (a new purpose for
the promotion and evaluation of health and well-being among
healthy teenagers) project on the fundamental aspects of
adolescent daily life, with free use without acommercial license
by the scholastic community (scholars, teachers, and parents).
In particular, variables on hedth and well-being that
encompassed different dimensions of health, including lifestyle,
emotional status, and socia context, were monitored. The
platform contained questionnaires; training documents; and
reports accessibleto schools, teachers, parents, and people active
in the field of education and prevention. This allowed usto (1)
define and understand the needs of the population (adolescence)
for interventions or public health programs, (2) evaluate if the
proposed programs are acceptable and feasible for users before
launch through a pilot study, and (3) improve the relationship
between users (at school) and research groups.

Data Collection

Datafrom students at different times during the scholastic year
(usually at the beginning and at the end of the scholastic year)
were collected using the AVATAR web tool [7]. A
sociodemographic data record was used to acquire information
about gender, age, schooling, family structure, and BMI,
according to World Health Organization age groups [8]. The
Italian version of KIDSCREEN-52 was used to assess
health-related quality of life [9,10]. The KIDSCREEN is a
salf-report questionnaire designed to assess hedlth-rel ated quality
of life, with the aim to monitor and measure personal
experiencesin children and adolescents about their perceptions
of health status and well-being. The questionnaire, which
describes physical, psychological, mental, social, and functional
aspects of well-being, consists of 52 items grouped into 10
dimensions [9,10]. The KIDSCREEN questionnaire has been
psychometrically tested using data obtained in a multicenter
European study that included a sample of 22,827 children
recruited in 13 countries [11]. Dietary habits were evaluated
using the Mediterranean Diet Quality Index for children and
adolescents (KIDMED) [12]. The KIDMED index is based on
principles sustaining Mediterranean dietary patterns, aswell as
those that undermine it. The index ranges from 0 to 12, and
consists of aself-administered 16-question test. Physical activity
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levels were assessed using the Physical Activity Questionnaire
for Older Children (PAQ-C). The questionnaire provides a
general measure of physical activity for those aged 8to 20 years.
The PAQ-C is a self-administrated questionnaire consisting of
9itemsrated on a5-point scale. A higher score indicates more
active children/adolescents [13].

The perception of school engagement was estimated through
guestions concerning scholastic achievements in language and
literature, language acquisition, and science.
Health-Related Quality of Life Components

In the AVATAR platform, the following 4 components of
health-rel ated well-being have been considered: lifestyle habits,
emotional status, social context, and mental skills.

Table 1. Variables (observed variables) for each component.

Mastorci et al

From our previous experimental evidence, the lifestyle habits
component was hypothesized to cause changes in physical
well-being, autonomy, financial resources, diet, and physical
activity, while the social context component was hypothesized
to cause changesin parent relations, peers, school environment,
and bullying (analogous schemas were adopted for the social
context and mental components).

Conceptualy, the AVATAR methodology is based on a
multidimensional construct, covering the physical, emotional,
mental, and social components of well-being as perceived by
adolescents [6,7,14,15]. The indicators belonging to the 4
components have been selected according to the analysis of
pre-existing literature involving adolescents health and
well-being [16-18]. Table 1 presents the individual variables
(observed variables) for each component.

Component Well-being dimensions (observed variables)
Lifestyle habits Physical well-being
Autonomy
Financial resources
Diet
Physical activity
Social context Parent relations
Peers
School environment
Bullying
Emotiona status Psychological well-being
Mood
Self-perception
Emotion

Data M anagement

The AVATAR method involves integrating the information
coming from the different questionnaires. In particular, to allow
planning didactic and educational actions based on the results
obtained, the AVATAR approach alows subdivision of the
results of the different observed variables and the 4 components
into the following 3 percentile categories: modify, improve, and
maintain.

To obtain this representation of the data, for each investigated
area of the questionnaire, the cutoffs for adolescent-reported
dimension and total scoreswere defined using the 10th and 90th

https://formative.jmir.org/2021/12/e24840

percentiles, based on the sample distribution into 3 categories.
Scoring in the <10th percentile was used to classify the
proportion of adolescents having poor quality in each
investigated area (orange; modify), scoring in the =90th
percentile was used to classify the proportion of adolescents
having high quality (blue; improve), and scoring between the
10th and 90th percentiles was used for intermediate values
(green; maintain) [19,20].

The teacher can view the data expressed as asingle variable or
merged and integrated into the 4 components of the entire class
and the ingtitution (Figure 1), up to the individual pupil,
identified with an ID (Figure 2).
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Figure 1. Example of data view. Results are expressed as being merged and integrated into a component (eg, lifestyle) or single variables of the entire

class.
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Figure 2. Details of the individual variables of a component (eg, lifestyle) for each student as shown on the platform classified as modify, improve,
and maintain.
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. - project, was performed. Data coll ection was conducted between
Methods of the Pilot/ Fea.s-b.l lity Study 2018 and 2019 from 1 of 10 junior high schools at the beginning
In order to evaluate the feasibility of the AVATAR web-based  (pre) and at the end (post) of the school year. In total, 331

school support system, a pilot study, as a part of the AVATAR  students (172 female students, 52%; 159 male students, 48%;
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mean age 12.5 years, SD 1 year) were included. Adolescent
students were enrolled according to the following inclusion
criteria: age 10 to 14 years, absence of neuropsychiatric or other
diseases, informed consent signed, and completion of the
guestionnaires proposed. In every school class, al adolescents
filled out the questionnaires, and those who were not eligible
were excluded from the study retrospectively. The
guestionnaires, which have been previously described, were
filled at the beginning and end of the school year.

Participants were previously instructed on how to fill out the
guestionnaires and how to conduct the tests. All tests were
conducted during participants’ computer lessons in school. No
incentive was provided to adolescents or parents. A research
assistant was available to provide information and technical
support to complete the questionnaires.

School-Based Program Built on the AVATAR Platform

With the results obtained by the AVATAR platform in the first
AVATAR administration (at the beginning of the school year),
school planning and specific program implementation were
amed to support the development of students
emotional-relational skills and competences. In particular, the
project and didactic actions were oriented on the basis of the
identified needs and aimed to (1) strengthen the self-efficacy
of students, as well as their social skills, to increase personal
responsibility in relationships for developing autonomy
(empathy, self-regulation, and self-efficacy) and (2) enhance
citizenship skills (theatre, environment, art, counsdlling,
nutrition, sports, breathing, relaxation, etc) with a view of
prevention, which was integrated with curricular planning. For
these reasons and for didactic/educational aims, the pilot study
addressed the following 3 AVATAR areas. lifestyle habits,
socia context, and emotional status.

https://formative.jmir.org/2021/12/e24840
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Statistical Analysis

Statistical data analyses were performed using SPSS (version
22.0; IBM Corp). Data are presented as mean (SD) or as mean
with 95% CI. Alphawas set at .05, and 2-sided P values have
been reported. Changesin health-related quality of life (baseline
Vs post) were analyzed using the Student paired t test. The
McNemar-Bowker test was used to evaluate changes in the
proportion of subjects belonging to each tertile of health-related
quality of life variables after the intervention.

Results

Effectsof the School-Based Program on Health-Related
Quality of Lifeand Lifestyle Habits

Descriptive data on health-related quality of life and lifestyle
habits (diet and physical activity; from preprogram and
postprogram) are presented in Table 2. Data on the
KIDSCREEN-52 dimensions are calculated as mean T-scores
according to the KIDSCREEN Group [9,10]. During the school
year, following the program built on the results of the first
administration, students showed a higher perception in
psychological well-being (P=.001), mood (P=.001),
self-perception (P=.006), and autonomy (P=.001), which was
understood as the opportunity to create his’her social and leisure
time. There was an increase in the well-being perception owing
to the school-based program, as well as the perception of
financial resources compared with theinitial situation (P=.001).
In the social context, students reported higher values in the
relationship with their family (P=.02) and peers (P=.001), and
exhibited alower perception of bullying (P=.001). For lifestyle
habits, after the personalized program, students devel oped higher
adherence to the Mediterranean diet (P=.007) and higher
physical activity levels (P=.001) compared with the previous
condition.
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Table 2. Questionnaire findingsin the pilot study sample at the beginning (pre) and end (post) of the school year.

Variable Pre score (n=331), mean (SD) Post score (n=331), mean (SD) P value?
KIDSCREEN-52°
Physical well-being 47.35(SD 18.52) 47.61 (SD 22.05) 85
Psychological well-being 44,50 (SD 15.86) 52.59 (SD 9.67) .001
Mood/emotion 46.95 (SD 13.52) 50.71 (SD 10.76) .001
Self-perception 51.45 (SD 15.8) 53.79 (SD 11.32) .006
Autonomy 45.21 (SD 14.21) 50.96 (SD 10.85) .001
Parent relationship 51.55 (SD 11.52) 53.08 (SD 10.27) 02
Financial resources 47.66 (SD 13.44) 52.20 (SD 8.95) .001
Peers 50.15 (SD 12.04) 53.06 (SD 11.01) .001
School environment 50.34 (SD 10.43) 51.24 (SD 9.38) .07
Social acceptance 46.02 (SD 15.22) 49,57 (SD 10.67) .001
KIDMEDS 5.76 (SD 2.42) 6.13 (SD 2.45) .007
PAQ-CY 2.57 (SD 0.67) 2.76 (SD 0.66) .001

3P values were calculated using the Student paired t test.

PData on the KIDSCREEN-52 dimensions were cal cul ated as mean T-scores accordi ng to the KIDSCREEN Group.

°KIDMED: Mediterranean Diet Quality Index for children and adolescents.

dPAQ-C: Physical Activity Questionnaire for Older Children.

Effect of the School-Based Program on AVATAR
M odify, Improve, and Maintain Percentile Categories

Descriptive data of health-related quality of life and lifestyle
habits in the pre and post conditions expressed in percentage
with respect to the modify, improve, and maintain percentile
categories are presented in Table 3. After school planning and
specific program implementation, the physical well-being
dimension in the post condition changed, with an increase in
the maintain percentile category and a reduction in the modify
and improve percentile categories (A: P=.001). Psychological
well-being perception was augmented in the maintain percentile
category, and showed a decrease in the modify percentile
category and an enhancement in theimprove percentile category
(A: P=.001). The emotion/mood dimension & so changed after
the school -based program, and thiswas characterized by adrop
in the modify and improve percentile categories in the face of

https://formative.jmir.org/2021/12/e24840

an increase in the maintain percentile category (A: P=.03).
Autonomy, understood as the opportunity to create his’her social
and leisure time, improved owing to the specific program, with
anincreasein the maintain percentile category and asignificant
decrease in the other percentile categories (A: P=.001).
Moreover, perception of financial resources showed a decrease
inthe modify percentile category and anincreaseintheimprove
percentile category, and demonstrated stability in the maintain
percentile category (A: P=.001). Inthesocial context component,
peer rel ationships showed an increase in the maintain percentile
category and a decrease in the modify and improve percentile
categories (A: P=.003). Lastly, the school-based program created
according to the precondition resultsresulted in an improvement
in the perception of social acceptance. In fact, for the bullying
dimension, there was a significant reduction in the modify
percentile category and an increase in the improve percentile
category (A: P=.01).
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Table 3. Changesin questionnaire findings (pre vs post) according to the modify, improve, and maintain percentile categories.
Variable Modify percentile  Improve percentile Maintainpercentile  Change (), % Pvalue?
category, % category, % category, %
Pre Post Pre Post Pre Post Modify Improve Maintain
percentile  percentile  percentile
KIDSCREEN-52
Physical well-being 18.4 18.1 67.4 50.0 14.2 239 -0.3 -9.4 9.7 .001
Psychological well-being 275 7.6 66.8 785 5.7 13.9 -19.9 118 8.2 .001
Mood/emotion 8.8 54 78.5 76.1 127 18.4 -3.3 -24 57 .03
Self-perception 121 10.3 87.9 89.7 0.0 0.0 -18 18 0.0 42
Autonomy 10.6 45 77.3 725 121 230 -6.0 -4.8 109 .001
Parent relationship 8.8 8.2 91.2 91.8 0.0 0.0 -0.6 0.6 0.0 .89
Financial resources 133 45 86.7 95.5 0.0 0.0 -8.8 8.8 0.0 .001
Peers 10.0 6.3 82.2 782 7.9 15.4 -3.6 -39 7.6 .003
School environment 10.3 6.9 77.9 78.2 11.8 14.8 -3.3 0.3 3.0 A2
Social acceptance 133 7.9 86.7 921 0.0 0.0 -54 5.4 0.0 .01
KIDMEDP 9.4 7.3 767 782 139 145  -21 15 06 44
PAQ-C® 17.8 12.4 80.4 86.4 18 30 -54 4.2 12 .07

3 valueisfor the change (A).
bk |DMED: Mediterranean Diet Quality Index for children and adolescents.
®PAQ-C: Physical Activity Questionnaire for Older Children.

Discussion

Principal Findings

We explored the development of a web-based school support
system for the promotion of health and well-being in
adolescents, through a pilot/feasibility study conducted in a
small sample of subjects before launching a larger study, thus
allowing the definition of public health programs based on the
specific needs of the studied population and improving the
relationship between schools and research groups.

The AVATAR platform, which processes data automatically
and returns the findings legibly and in real time, offers the
possibility for schoolsto have updated and comparable data on
adolescents' behaviors and well-being perceptions to create a
network of collaborationswith multidisciplinary expertsfor the
development of prevention and health promotion interventions
focused on the actual needs detected, which could help in
selecting best practices and organizing targeted training sessions.

In addition, according to the technological perspective, the
AVATAR platform, which returns the data to the school
classified as“modify, improve, and maintain,” ishighly flexible
and adaptableinitspotential applications. Thismethodological
innovation, linked to the innovative approach, involves the
simplicity and usability of the data acquired [7]. Teachers, in
fact, can directly visualize the classroom and the cluster of
students with similar profiles, and analyze a personalized
well-being index that provides an integrated and personalized
perspective of adolescents well-being [6]. As shown by the
pilot study, this model helps teachers to more appropriately
select interventions and educational programs for individual
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students and for the classroom, and thus, can monitor
compliance and effectiveness. In particular, the data available
to the school, in addition to enhancing the school’s success,
have preventive purposes and can help improve resilience,
happiness, social involvement, self-esteem, and sociability
[14,15]. Furthermore, the results obtained by the AVATAR
platform alow teachers to measure objectively the perception
of students' health and well-being, and follow their evolution
longitudinally in order to reducerisk behaviorsor potential risk
factors, in linewith the primordial prevention statement, which
represents one of the aims of the AVATAR platform. The same
notion is suitable for promoting social and emotiona health in
the school context. In fact, the school engaged in the pilot study,
in agreement with school health educators who have increased
skill development in the dimension of decision-making, had
planned specific programs designed to support these areas of
learning as closely related to school success and to strengthen
relationshipswith family and peers[21]. Thischoice, according
to the needs that emerged from the first monitoring, is linked
to the notion that if adolescents are not conscious of their
feelings and emotions, they will find it difficult to make
reasoned choices, to choose healthy behaviors, and to achieve
agood degree of learning [22].

Health-related quality of life and lifestyle habit data obtained
after the school-based program showed better perceptions in
the psychologica and physical well-being, mood/emation,
self-perception, autonomy, and financia resources dimensions.
In the socia context, relationships with family and peers, as
well as the perception of bullying, improved after didactic
actions oriented toward these dimensions. Moreover, in the
lifestyle assessment, owing to the school project, adolescents
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devel oped higher adherenceto aMediterranean diet and a better
physical activity level.

When the data are analyzed according to the AVATAR
approach, which involves partitioning into percentiles, what
emerges is an improvement in physical and psychological
well-being perceptions, emotional responses, and socia
acceptance with peers, with an increased percentage in the
maintain percentile category and areduction in the modify and
improve percentile categories. These results obtained in the
pilot study are in line with evidence that considers these
variables responsible for hedthy behavior and better
health-related quality of life [23].

However, despite the objective well-being brought by a specific
program aimed to support and potentiate the development of
students' emotional-relational skills and competences, when
schools adopt cross-curricular programs, they face different
implementation difficulties, such as lack of systematicity and
objectivity.

Nevertheless, there are indications, in fact, that school-based
programs based on educational activities augment self-image
and body satisfaction in adolescents aged 12 to 14 years,
probably because the school represents a good platform for
increasing empowerment and awarenessto health and well-being
perceptions [24,25]. According to an ecological model,
school-based programs, oriented to increase health status, should
consider that school performance not only is the result of
learning, but also, above all, depends on the environment in
which the student lives and relates, and therefore, on the family
microsystem and family-school macrosystem. In this new
scenario, the adolescent must become aware of his’her own
well-being and have at the same time (by the school) the tools
to be proactive and participatory.

To modify individual unhealthy behaviors, it is necessary,
therefore, to create environmental conditions suitable for
encouraging a healthy lifestyle through an “intersectoral” and
transversal approach to risk factors, considering all levels of
intervention, both social and psychological. For this, thereisa
need for more evidence-based school intervention programs
and an accurate assessment of their overall efficiency and

efficacy.
Strengths and Limitations

A key strength of the AVATAR platform is that it is the first
platform, to our knowledge, designed to introduce aweb-based
health promotion tool for the school community [26].
Importantly, monitoring the results allows the identification of
the strength and fragile characteristics of each adolescent in
order to define personalized educational programs. In particular,
with the data, the school can (1) carry out longitudinal
monitoring of students, (2) orient didactic actions, and (3)
promote the personalization of educational and training courses.

Mastorci et al

In this context, the AVATAR platform intervenes at multiple
pointsin the educational processin young people by combining
management and empowerment of health and well-being,
applying prevention strategies to reduce disease burden and
health expenditure in adulthood, and enhancing learning. The
AVATAR platform combines the rigor and objectivity of
scientific and technological research with the needsthat emerge
from the school system regarding health, well-being, and
educational success, integrating primordial prevention with the
definition of amodel of support for the autonomous design of
schools. The development of a school-based program from the
AVATAR web-based platform represents a powerful pattern
for the promotion of health and psychosocial well-being, in
which anetwork of different stakeholders dedicated to education
may cooperate together to increase awareness, reduce risk
behaviors, and potentiate educational success. Moreover, the
AVATAR web-based tool offers a personalized well-being
index that may allow the adoption of moreindividually focused
strategies and interventions to improve well-being. Finally, as
the AVATAR platform is delivered to students via web-based
technology with interactive components through the invol vement
of teachers, student engagement and program fidelity can be
increased, and thisis supported by new national and European
policies on the welfare of adolescents.

Several limitations should be acknowledged. First, since the
guestionnaires were completed during a school class, the
environment may have biased the students’ responses. Finally,
a control group was not included to demonstrate the
effectiveness of the targeted intervention based on the needs
identified because all schools, due to institutional obligations,
carry out projects that could, in any case, impact the sampling
results at the end of the school year.

Conclusion

The AVATAR monitoring platform, as shown by our pilot
results, is configured as atool for enhancing school autonomy,
and offers school s and the community the possibility of having
updated and comparable data on adolescents behaviors and
perceptions to create a network of collaborations with
multidisciplinary expertsfor the devel opment of prevention and
health promotion interventions focused on the actual needs
identified, which could help in selecting best practices and
organizing targeted training sessions. Owing to its flexibility
and adaptability, the AVATAR platform can be used to (1)
promote information campaigns aimed at modifying risk
behaviors in the student population, (2) sensitize students and
put them at the center of their growth path, (3) inform
ingtitutions on the health and well-being of the school
population, (4) evaluate the effectiveness of the actions
implemented by schools, and (5) promote the exchange of good
practices aimed at strengthening systems intended for the
education, training, and well-being of students.
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Abstract

Background: Junior physicians report higher levels of psychological distress than senior doctors and report several barriersto
seeking professional mental health support, including concerns about confidentiality and career progression. Mobile health
(mHesalth) apps may be utilized to help overcome these barriersto assist the emotional well-being of this population and encourage
hel p-seeking.

Objective: This study describes the development and pilot trial of the Shift mHealth app to provide an unobtrusive avenue for
junior physicians to seek information about, and help for, well-being and mental health concerns, which is sensitive to workplace
settings.

Methods: A 4-phase iterative development process was undertaken to create the content and features of Shift involving junior
physicians using the principles of user-centered design. These 4 phases were—needs assessment, on the basis of interviews with
12 junior physicians; prototype development with user experience feedback from 2 junior physicians; evaluation, consisting of
apilot trial with 22 junior physicians to assess the usability and acceptability of theinitial prototype; and redesign, including user
experience workshops with 51 junior physicians.

Results: Qualitative results informed the content and design of Shift to ensure that the app was tailored to junior physicians

needs. The Shift app prototype contained cognitive behavioral, mindful ness, value-based actions, and psychoeducational modules,
as well as a tracking function that visualized patterns of daily variations in mood and health behaviors. Pilot-testing revealed
possible issues with the organization of the app content, which were addressed through a thorough restructuring and redesign of
Shift with the help of junior physicians across 3 user experience workshops.

Conclusions: This study demonstrates the importance of ongoing end user involvement in the creation of a specialized mHealth
app for a unique working population experiencing profession-specific stressors and barriers to help-seeking. The development
and pilot trial of this novel Shift mHealth app are the first steps in addressing the mental health and support-seeking needs of
junior physicians, although further research is required to validate its effectiveness and appropriateness on alarger scale.
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Introduction

Junior physicians exhibit levels of psychological distress and
emotional exhaustion to a greater degree than their senior
counterparts[1,2]. Junior physicians reported feeling impacted
by a range of workplace-related stressors, including long
working hours, a lack of breaks, and, at times, bullying and
harassment [3,4]. A review of several prospective studies
showed that individual factors, such as self-criticism, emotional
instability, and a family history of psychopathology, are
predictive of mental illness in junior physicians [5].
Furthermore, structural and personal barriers to help-seeking
for mental health concerns have been noted, such as concerns
about being reported to medical regulators and anxiety about
reversing roles from being a physician to becoming a patient
[6-8]. Australian dataindicate that the most commonly reported
barriers to professional help-seeking for depression among
depressed physicians are privacy and confidentiality concerns
[9].

Delays in receiving targeted treatment have the potential to
compound and prolong symptoms of poor mental health aswell
asto increase the likelihood of developing comorbidities such
as alcohol dependence [7,10]. Research suggesting a negative
association between physicians' psychopathology and best
patient care practices highlights the implications of physicians
mental health in the broader community [11-13]. Therefore, in
addition to the adverse effects on theindividual, it isin thewider
public interest to support junior physicians in their transition
into ademanding work environment and to help them seek and
receive effective mental health care.

Although psychological interventions designed specifically to
support physicians mental health are scarce, a recent
meta-analysis found that interventions targeting physicians
yielded small but significant reductionsin symptoms of common
mental disorder and suicidal ideation, particularly when
therapeutic components were based on principles of cognitive
behavioral therapy and mindfulness[14,15]. Of note, one study
found that medical interns randomly assigned to a web-based
cognitive behavioral therapy intervention group were 60% less
likely to report suicidal ideation during their internship year
than the comparator attention-control group [16]. Further
research suggests that valued living and present-moment
awareness components practi ced in acceptance and commitment
therapy and psychoeducational programs may be useful in
reducing psychological distressin health care professionalsand
students [17-19].

Although the potential benefits of teaching these skillsto junior
physicians are clear, the practicality of such interventions can
be challenging. Junior physicians are busy and regularly move
between roles. New digital tools may be ableto assist with these
logistical challenges. Although mobile health (mHealth) apps
have been shown to improve working populations mental
well-being and willingness to seek help for mental health
concerns [20-23], they have yet to be tested in well-controlled

https://formative.jmir.org/2021/12/e26370

studies among physicians. Many physicians have aready used
mobile apps in the workplace to guide their management or
prescription. A novel mHealth app using the same avenue as
these professional devel opment tools may be an acceptable way
of delivering mental health support to junior physicians.

Previous research highlights the importance of a user-centered
approach to devel oping mHealth app interventions[24-26] and,
if designed for employees, additional factors, such as the
workplace environment, should be taken into account [27,28].
As such, mHealth apps involving workplace considerations
pose additional constraints on the app development process to
ensure that content is effective, adequately delivered, and suits
thetarget working popul ation. User-centered design approaches
involve iterative phases of prototyping, ideally employing
co-design and end user feedback, and involve consideration of
the user at every stage of the design process to ensure that the
intervention meets their needs [29,30]. This, in turn, has been
reported to maximize users' engagement with, and adherence
to, an mHealth intervention, and hence itsimpact [31].

This paper describes the process of developing Shift, a
self-guided mental health and hel p-seeking smartphone app for
junior physicians located in New South Wales, Austraia. To
our knowledge, this is the first mHealth app designed
specifically to support the mental health of junior physicians.
We used a user-driven and iterative development process,
employing the principles of user-centered design and a
multiphase process. This paper presents the 4-phase Shift app
development process and how this process incorporates
knowledge and feedback derived from qualitative assessments,
pilot-testing, stakeholder and expert consultations, and user
experience workshops with the target population.

Methods

Overview

There were 4 project phases as follows. phase 1, needs
assessment through qualitative end user interviews; phase 2,
Shift app prototype development; phase 3, pilot-testing of the
Shift app prototype; and phase 4, generation of an updated
version of the Shift app. In preparation for phase 1, consultations
with arange of stakeholders were conducted (including junior
physician managers, providers of support services for junior
physicians, and professional organizations related to junior
physiciansin New South Wales) to examine the existing mental
health support servicesfor junior physicians, and facilitators of
and barriers to engagement with these services. This was to
ensure that the app devel opment compl emented exi sting support
and provided up-to-date information on available services.
Furthermore, our broader research team had previously
developed HeadGear, an mHealth app that has been found to
be effective in mal e-dominated working populations[21,32,33].
The intervention component in HeadGear was delivered in a
30-day challenge format, which successively unlocked
psychoeducational material, as well as behavioral activation,
goal-setting, and mindfulness techniques. Hence, one option
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availableto our team wasto utilize the 30-day challenge format
of the evidence-based HeadGear app and to modify the clinical
content to meet the needs of junior physicians. To thisend, the
interviewswith junior physiciansin phase 1 included aquestion
about their attitudes toward a 30-day challenge in an app to
support the well-being of junior physicians.

Phase 1: Needs Assessment Through Qualitative
Interviews

The objective of the qualitative component of this project was
to inform the design and development of clinical content and
to ensure that the app is tailored to the specific needs,
characteristics, and challenges faced by this unique user group.
Specifically, the interviews aimed to (1) identify the main
stressors and challenges for junior physicians, both at and
outside of work; (2) explore their attitudes toward a mental
health app; (3) identify facilitators of and barriers to their use
of, interest, and engagement in a mental health app; (4) assess
current use of general apps; and, finally, (5) to identify their
suggestions, preferences, and dislikes or unwanted featuresthat
they felt would support junior physicians' mental health and
well-being. The qualitative component was granted full ethical
approval by the South Eastern Sydney Loca Health District
Human Research Ethics Committee (protocol #:. 18/140,
HREC/18/POWH/321). A qualitative analysisof theinterviews
focusing on the experiences of junior physiciansis reported in
detail elsewhere [34]. This paper presents specific app-related
items and findings from interviews.

Participants were recruited from 2 metropolitan hospital sites
in the Sydney area between July and September 2018.
Advertising took place via email invitations distributed by
medical supervisors, through email and sociad media
announcements to professional organizations related to junior
physicians, and through on-site hospital visits by members of
the research team (JC, KPR, and GB); 41 junior physicians
expressed interest in the study, of whom 12 provided written
informed consent and wererecruited for one-on-oneface-to-face
interviews (conducted by JC). Participants included 9 women
and 3 men aged between 24 and 35 years. The sample was
evenly spread acrossthe early stages of training and comprised
interns (n=3), residents (n=5), and registrars (n=4). The mgjority

https://formative.jmir.org/2021/12/e26370

Counson €t d

had studied medicine in Australiaand were generally 3-5 years
into their clinical training.

Data on app-related items were analyzed using a thematic
analysisapproach [35] informed by grounded theory and Massey
emergent approach [36]. In an iterative process undertaken by
one researcher (KP), all transcripts were reviewed closely to
generate an initial first-level coding framework. Through
subsequent refinements through discussion with co-authors,
broader second-level themes related to the app issues were
identified, and subthemes and common suggestions were listed
under each of the 4 main issues of interest, summarized below
in the Results section.

Phase 2: Prototype Development

Onthebasis of the recommendations made by junior physicians
inthe qualitative interviews and consultations with stakehol ders
in line with evidence from recent literature [14,17,18], new
clinical content for the Shift app was written by 1 psychologist,
2 clinica psychologists (JC and RC), 2 psychiatrists (SH and
NG), and 1 researcher (GB).

Phase 3: Pilot-Testing

Pilot-testing was conducted in October and November 2019 to
examinethe usability and acceptability of the prototype version
of the Shift app. Trends in depression and anxiety symptom
severity, as well as changes in help-seeking intentions before
and after using the Shift app prototype over a 4-week period
were also examined. This study was approved by the South
Eastern Sydney Local Health District Human Research Ethics
Committee (protocol # 2019/ETH00318).

Two New South Wales hospital sites, one regional and one
metropolitan, issued recruitment calls via email messages on
behalf of the research team to junior physicians at the intern,
resident, or registrar levels. The digibility criteriawere current
employment as junior medical officers in New South Wales
and ownership of an internet-enabled smartphonewith an Apple
or Android operating system. A total of 52 candidates accessed
the study website, of which 50% (26/52) consented to
participate. A final sample of 22 participants (13/22, 59%
women; mean age 29, SD 4.1 years) entered the pilot study and
completed a baseline assessment. A diagram of the participant
flow is shown in Figure 1.
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Figure 1. Flow chart describing how participants progressed through the pilot study phases.
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A baseline questionnaire assessed basic demographic
information (age, gender, level of training, and regional or
metropolitan placement) and symptoms of depression (Patient
Health Questionnaire 9-item) and anxiety (General Anxiety
Disorder scale 7-item) over the past 2 weeks. Participants
indicated their depression and anxiety symptoms on a 4-point
Likert-type response scale ranging from 0 (not at all) to 3
(nearly every day). In addition, participants indicated their
previous and recent help-seeking intentions for mental health
problems (eg, “If you were to develop a mental health issue,
how likely would you be to seek help from a GP or mental
health professional [eg, psychologist/psychiatrist]?’) on an
11-point Likert-type response scale ranging from 0 (not at all
likely) to 10 (very likely). After completion of the baseline
guestionnaire, participants were given instructions on how to
download the Shift app onto their mobile phones. The app
automatically recorded usage metrics, such as the number of
log-ins and challenges or sessions compl eted.

After 1 month, participants were invited via email to complete
a poststudy questionnaire reassessing their current depression
and anxiety symptom levelsand hel p-seeking intentions. At the
poststudy assessment point, participants were further asked to
respond to a battery of purpose-built questions relating to the
usability and acceptability of the Shift app prototype (eg, “Was
the app interesting/engaging?’) on a 5-point Likert-type scale
ranging from 1 (not at all) to 5 (completely) and to the overall
satisfaction rating of the app on a 5-point Likert-type scale
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ranging from 1 (low) to 5 (high). A modified version of the
System Usability Scale was also administered to obtain an
objective indication of the overall ease of use of the app.

Phase 4: Shift App Redevelopment

It was anticipated that afinal phase of design would be required
after the initial pilot-testing of the Shift app. A series of 3
user-consultation workshops (N=51) at 2 metropolitan hospitals,
driven by alead user experience designer (VC), helped develop
any final changes and responses to insights gained from the
pilot-testing. The feedback of junior physicians participating in
the workshops was collected using an interactive prototype
containing screen mock-ups and questions aimed at testing
potential changes and solutions.

Results

Phase 1: Needs Assessment Through Qualitative
Interviews

Attitudes Toward a Mental Health App for Junior
Physicians

All participants reported that they owned a smartphone and used
apps multiple times each day. Half of the sample had already
tried at least one mindfulness app, and 2 had previously used a
web-based mental health app. Although the use of work-related
apps was common, the use of such apps was centered on
communication and medical information—seeking and reference
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material. A total of 83% (10/12) participants reported to be very
or somewhat interested in the idea of an app to support the
mental health of junior physicians and provided positive
endorsement for the idea in principle and for its potential to
benefit the population. Most of the participants endorsed use
of the app for both prevention of and early intervention in mental
illness and suggested the inclusion of directions to support and
treatment services for those with more severe mental illness.
Although no participants were directly opposed to the idea of
an mHealth app to support junior physicians’ mental health, 2
participants questioned whether fellow junior physicianswould
use an mHealth app or to what extent they would benefit from
it, particularly if physicians were not currently experiencing
symptoms of mental illness (“ no onetakestheir medicinewhen
they are feeling good”).

Counson €t d

App Naming, Content, and Feature Suggestions

Shift was named based on participants' views that the name of
the app should be unobtrusive and not obvioudly related to
mental health. Thisterm refersto both shift work, whichisone
of the most common stressorsin this popul ation, and to shifting
cognitions and behaviors to promote better mental health and
well-being, in line with cognitive behavioral and mindfulness
principles.

Participants made numerous suggestions for clinical app
contents, including mindfulness, sleep strategies, mood
monitoring, behavioral activation, and cognitive therapy
targeting specific situations commonly faced by junior
physicians. The provision of strategiesto deal with problematic
work situations was often seen as having a stress-buffering and
destigmatizing effect. A list of recommendations for the broad
content areas provided by participantsis presented in Table 1.

Table 1. Qualitative interview participants’ overview of main content recommendations for Shift and whether recommendations were adopted in

successive versions of the app (N=12).

Recommended content components Version 1 Version 2
Cognitive behavioral therapy O 02

Sleep hygiene d g
Mindfulness and stress management ad ad
Goal-setting d g
Pleasant activity scheduling ad ad
Practical lifestyle strategies d 0
Problematic work situations 0 0

Hand over tips for changing terms or hospitals

Stories from junior physicians 0

8 ndicates an addition or improvement compared with the previous version.

All participants provided positive feedback about the idea of a
30-day challenge, with some reporting that they were more
likely to use this feature as it was time-limited and seemed
achievable with a set end point and small regular goal-oriented
challenges. Severa participants suggested graphical feedback

https://formative.jmir.org/2021/12/e26370

on symptom trackers that compared multiple outcomes over
time to appeal to the scientifically minded. A list of desired
mHealth app features, as expressed by the participant sample,
ispresented in Table 2.
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Table 2. Qualitative interview participants’ desired features for Shift and whether recommendations were adopted (N=12).

Desired features Version 1 Version 2
Logical, clear app structure with clear user flow ad 0
Simple layout, easy to navigate quickly d 02
Default private option—no linkage to social media ad O
Quick start option, easy accesslogin ad 02
Skip function; ability to return to modules later ad 0
Provision of both text and audio formats O 0
Symptom tracker function with graphics showing charts O 0
Atlogin, quick tick box of symptom self-assessment d 0
Centralized access to many things from one place ad 0
Notifications and reminders should be optional ad O

8 ndicates improvement compared with the previous version.

Facilitators of and Barriersto App Use

The main app use barrier reported by the participants was that
the app would feel like another chore when participants were
already time-poor and working long hours. Although most
participants expressed concerns about confidentiality,
deidentification, and minimal information-sharing, 92% (11/12)
of participants reported that they would still provide their name
and email address to register to a mental health app.

The main facilitators of app engagement that the participants
reported were the app being quick and easy to use and having
added-val ue features that would distinguish the app over others
(that’'s targeted to medics, that other apps aren't going to
address). Most participants reported that they would be happy
to use the app quite frequently, such as every morning or every
few days, but only if the sessions were very brief.

Phase 2: Prototype Development

The Shift app was developed for use in Android and Apple
operating systems. The main features of the app are the
following: (1) therapeutic and psychoeducational modules, (2)
provision of contact details to mental health organizations and
workplace resources, (3) mood and habit tracking, and (4) brief
symptom assessments. Shift delivers content through a variety
of text, audio, video, and graphical displays.

On the basis of previous research on the therapeutic benefits of
cognitive behavioral, mindfulness, and value-based action
components for medical professionals [14,15] and guided by
preferences expressed in phase 1 qualitative interviews, the Shift
app was developed employing cognitive behavioral principles
of thought evaluation (ie, identification, evaluation, and
modification of unhelpful thoughts) and engagement in valued
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action (ie, values-consistent patterns of action) adopted from
acceptance and commitment therapy. Relaxation techniques
(eg, progressive muscle relaxation) based on mindfulness and
stress management practices were also incorporated to lessen
the impact of stressful life events or daily stressors. Cognitive
behavioral, value-based, and mindfulness modules were
generated and presented in a 30-day challenge format. Each
challenge was designed to take approximately 3-4 minutes to
complete.

In addition, a suite of psychoeducational modules (sessions)
was developed, including informational content on common
mental health disorders, avenues through which to seek help
for mental health concerns, and suggestions on how to
incorporate relevant strategies, such as how to adjust to shift
work. Psychoeducational content included mental health,
help-seeking, and workplace information, such as depression,
anxiety, mandatory reporting, at home and workplace avenues
for seeking help, workplace bullying, adjusting to rural and
regional placements, exams and interviews, and sleep health.

A tracking tool and symptom screening options were designed
to allow usersto capture daily snapshots of how they werefaring
and, in the case of the tracking function, build a visual tool to
observe variations in mood and behavioral patterns over time.

Theclinical content and design drafts of the app prototype were
modified based on user experience feedback. User experience
experts and psychologists worked with 2 junior physicians to
refinethe user pathways, functionality, color palette, and design
and to modify the clinical content (eg, examples of scenarios
used in cognitive therapy). Tables 3 and 4 outline the contents
of the resulting Shift app prototype, which were organized into
challenges and sessions.
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Table 3. Organization of challenge topicsin the Shift app prototype version.

Therapeutic type and challenge day or days Topic name Type

Mindfulness
2 Introduction to mindfulness Video
3 Seeing the horizon Audios
9 Grounding anchor Audios
16 Calming breath Audios
20 Loving-kindness Audios
24 Cargo thoughts Audios
26 Breathing wind Audios
28 Lapping ocean Audios

Value-based
4 Introduction to values and values as a physician Video
5 Strive for five Text
6,12,17,21, 27 Scheduling meaningful actions Text

Cognitive behavioral

7 Introduction to unhel pful thoughts Video
8 Unhelpful thoughts Text
11 Cognitive biases Text
14 Introduction to thought challenging Video
15 Thought challenging Text
22 Worry decision tree Text
23 Cognitive therapy review Video
Positive psychology
10 Gratitude Text
13 Getting active Text
18 Social support Text
19 Help afriend Text
25 100 enjoyable activities Text
29 Planning for the future Text
General
1 Checkup Text
30 Putting it all together Video
https.//formative,jmir.org/2021/12/626370 JMIR Form Res 2021 | vol. 5 | iss. 12 [e26370 | p.71
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Table 4. Organization of session topicsin the Shift app prototype version.
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Topic Type
Sleep and fatigue
Sleep health Text
Adjusting to shift work Text
Common mental health problems
Depression Text
Anxiety Text
Burnout Text
Posttraumatic stress Text
Alcohol and other drugs Text
Getting help
Get help now Text
Desaling with intense emotions Text
How to seek help: workplace avenues Text
How to seek help: nonworkplace avenues Text
Mandatory reporting Text
Common issues for JIMOs?
Exams and interviews Text
Work-life balance Text
Adjusting to rural and regional placements Text
Bullying in the workplace Text
Dealing with the death of a patient Text
Calling for a consult Text
Feeling inadequate Text

@IMO: junior medical officer.

Phase 3: Pilot-Testing

App Acceptability and Usability

Asshownin Table 5, the median responsesto questionsrelating
to overall app rating, content understandability, appropriateness,
and usefulnesswere all on or above the midrange of the response
scales. Theoverall system usability rating was84.72 (SD 8.33),
which was above the average score of 70 across technological

toolsmore generally [37] and comparable with an average score
of 77 reported for common smartphone apps and tablets [38].
Tables 6 and 7 present a breakdown of participants’ usefulness
ratings of Shift challenge and session components. Participants
rated the mindful ness challenges favorably and rated the general
and val ue-based components | east favorably. Among the session
topics, the sleep and fatigue information components received
the highest usefulness ratings, while the other sessions were
rated lower or were not attempted.

Table5. Pilot trial participants responses to the usability and acceptability of the Shift app prototype (N=9)2.

Item Values, median Values, minimum-
(range) maximum
How well did you understand the content of the app? 5(2) 35
Was the app content appropriate for you? 5(3) 2-5
Was the app interesting/engaging? 4(2) 35
Do you feel that the app has helped you improve your mental health? 3(2 1-3
Would you recommend this app to other junior physicians? 4(2) 35
What is your overall rating of the app? 303 2-5

8Response scales ranged from 1 to 5.
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Table 6. Pilot trial participants’ usefulness ratings of the Shift app prototype 30-day challenge contents (N=8)2.
b

Challenge type and topic name Values, median (range) Values, minimum-maximum
Mindfulness 4(5) 0-5
Value-based 0(5) 0-5
Cogpnitive behavioral 3(5) 0-5
Positive psychology
Gratitude 3(5) 0-5
Getting active 15(5) 0-5
Saocial support 25(5) 0-5
Help afriend 0(4) 0-4
Enjoyable activities 3(5) 0-5
Planning for the future 15(5) 0-5
General 0(4) 0-4

8Response scales ranged from 0 to 5, where 0 indi cates unattempted components, 1 indicates low perceived usefulness, and 5 indicates high perceived
usefulness.

bOnIy positive psychology challenge topics were assessed individually because of the distinctiveness of each topic in this category.

Table 7. Pilot trial participants’ usefulness ratings of the Shift app prototype session contents (N=8)2

Session type and topic name Values, median (range) Values, minimum-maximum

Sleep and fatigue

Sleep health 3(5 0-5
Adjusting to shift work 3(5) 0-5
Common mental health problems
Depression 15(4) 0-4
Anxiety 25(5) 0-5
Burnout 15(5) 0-5
Posttraumatic stress 0(4) 0-4
Alcohol and other drugs 0(4) 0-4
Getting help
I ntense emotions 0(4) 0-4
Workplace avenues 1(5) 0-5
Nonworkplace avenues 15(5) 0-5
Mandatory reporting 0(5) 0-5

Common issuesfor IMOS?

Exams and interviews 03 0-3
Work-life balance 15(5) 0-5
Remote placements 0(4) 0-4
Workplace bullying 0(5 0-5
Death of a patient 0(5) 0-5

8Response scales ranged from 0 to 5, where 0 indicates unattempted components, 1 indicates low perceived usefulness, and 5 indicates high perceived
usefulness.

bamo: junior medical officer.
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App Use

Of the 22 participants, 95% (21) downloaded Shift and used the
app at least once. The mean number of log-ins was 5.24 (SD
5.93) and participants spent an average of 28 minutes (SD 52.7)
on the app, although the large SD indicated that there was
considerable variability in use times. The median use time was
11 minutes (range 199.35). Participants completed an average
of 5 challenges (SD 7.75) and spent 3.24 minutes working
through these challenges (SD 4.53). Sessions were used less
frequently (mean 1.81, SD 2.56), and less time was spent on
sessions (mean 1.38, SD 1.46 minutes).

Symptoms Change

Wilcoxon signed-rank testsindicated that depression (Z=-1.38;
P=.168) and anxiety (Z=-1.05; P=.293) scores dlightly
decreased, abeit not significantly, and that help-seeking
intentions were largely unchanged (Z=-.38; P=.705) over the
1-month period of app use.

Phase 4: Shift App Redevelopment

On the basis of the results of the pilot, amajor redesign of the
prototype was conducted to create a more user-friendly and
user-driven learning experience. The pilot study resultsindicated
that thefirst version of the app did not engage junior physicians
sufficiently well, which may have been an important factor
contributing to small effect sizes in symptom change and
hel p-seeking scores. A series of 3 user-consultation workshops
(N=51) at 2 metropolitan hospital s hel ped finali ze the proposed
changes to the prototype. These were (1) layout and design
improvements, (2) increased personalization and ease of access,
(3) updates of clinical contents, (4) the inclusion of
self-reflection activities, and (5) the adoption of more
meaningful and relatable wording [6].

A streamlined login process with the inclusion of a biometric
security system (ie, fingerprint or face ID authentication) was
incorporated to facilitate use after app download. Persondization
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enhancements were achieved through significant changesin the
presentation of the app. Importantly, the 30-day challenge
structure was removed, and challenges and sessions were
organized under a general overview of the topics. In this view,
userswere directed to contents through headings named Mental
Health, Getting Help, Lifestyle, and Work. The challenge
concept was maintained by incorporating an option for usersto
set their own weekly targets (ie, number of activitiesto complete
each week) during the app on boarding process. With this new
functionality, users could choose achievable goals relating to
their app use while still encouraging regular use of the app.

The previously limited line-graph tracking function was
completely redesigned to become more interactive and visual,
as well as alowing a new option of work/life balance. To
accommodate these changes, thorough layout and presentation
updates were made, as well as enhancing the interactivity with
a complimentary day-by-day view to show which activities
were completed on which dates. Consistent with the user
experience workshop feedback, new modules on exercise and
diet were incorporated into the app. Two additional modules
were developed in response to the COVID-19 pandemic.
Informational sessions were extended with the inclusion of
example stories from junior physicians and adjunct brief
empirical evaluations (symptom screeners, for example, the
Patient Health Questionnaire—2-item, General Anxiety Disorder
scale—2-item). Example stories, based on recommendations put
forward by junior physicians in qualitative interviews (Table
1), illustrated mental health challenges and invited users to
elaborate on symptoms. The mHealth app contentswerefinally
proofread by 2 clinical psychologists, 3 researchers (IC, AB,
and SS), and 1 digital learning designer (JP) to ensure the
provision of up-to-date clinical and psychoeducational contents
in a way that facilitates learning [39,40]. The structure and
design graphical guides of the novel Shift version are provided
in Figure 2.
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Figure 2. Visual examples of the most recent Shift version Home, Topics, Tracking, and Settings screens.
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Discussion

Principal Findings

This paper describes the development of an mHealth app, Shift,
designed to support the mental health and hel p-seeking of junior
physicians. In line with gold standard recommendations on the
importance of user-centered design principles[26], the 4-phased
app development process (ie, semistructured interviews,
prototype development, pilot-testing, and app redevel opment)
focused on a participatory approach to promote effective
engagement and facilitate cognitive, affective, and behavior
changes of junior physicians. Junior physicians were involved
at every stage of this process through qualitative interviews,
user experience workshops, and participation in pilot-testing.
The aim of this approach was to create, deliver, and refine
content in away that was acceptable, effective, and engaging
to end users.

Pilot-testing revealed severa issues with the delivery of in-app
content componentsto junior physicians. Although asuccessive,
day-by-day delivery of therapeutic content has been successfully
employed in a previous working population sample [21] and
was generadly viewed favorably by junior physicians in
gualitative assessments, preliminary use dataindicated that this
format failed to engage junior physiciansin practice. Inspection
of app use data revealed that discontinuation of the 30-day
challengetended to appear around day 5, which wasagenerally
lower rated, value-based activity. With the 30-day challenge
format, users were unable to skip challenge topics or change
the order of challenges, possibly facilitating the discontinuation
of app use. As a time-poor, well-educated group, junior
physicians may be more insistent on being able to choose their
own modules from other working populations. In addition,
informational sessions were underutilized in comparison to
challenge content, possibly due to their less-prominent
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positioning within the app. Feedback on challenge and session
componentsindicated considerable variability in the favorability
ratings of the contents. This observation highlights 2 key aspects.
First, even when app components are generated based on
qualitative data from focus groups, their use in the real world
needs to be tested. Second, simply modifying the modes of
content delivery (ie, 30-day challenge structure) from one
evidence-based app to suit another working population is not
aways successful. To meet the needs of a population of junior
physicians, a new app structure needs to be developed.
Therefore, in phase 4, the app was adjusted with the help of
junior physicians across successive user experience workshops
to enhance the overall experience and encourage engagement.
The main changes included streamlining login and onboarding
procedures and categorizing contents by topics, which allowed
for the personal selection of modules and for an updated design
and learning experience.

Strengths and Limitations

The 4-phase process emphasizes the need for customization for
end users. In line with previous research, this project illustrates
the role of usahility testing in the development of a digital
intervention tool [24,41]. Using participatory mixed methods,
such as qualitative and quantitative assessments, to involve end
users at al stages of the product development process was
fundamental in our attempt to create a digital solution that
allowed for the pursuit of multiple outcomes, such as cognitive
behavioral, psychoeducational, or providing contact details to
relevant specialized services[26]. Furthermore, our devel opment
process suggests that user experience and learning designers
are critical in tranglating methods proven useful in face-to-face
settings in the digital arena. The establishment of a
multidisciplinary team including academics, clinicians, and
digital expertshelped incorporate the suggestions and feedback
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put forward by junior physicians into an mHealth app
intervention environment.

This study had several important limitations. First, the Shift
mHealth app has not been evaluated for its effectivenessto date.
Future studies are required to establish whether it is indeed a
useful tool to reduce or prevent the onset of common mental
health symptomsin junior physicians. Similarly, it needsto be
established whether hel p-seeking intentions or actionsimprove
after using Shift. Second, although theincreased personalization
of the novel Shift version is expected to increase engagement,
the freedom to choose modules may unintentionally facilitate

Counson €t d

alongside the delivery of interventionsdirected at an individual,
such asthe app [14].

Conclusions

Theintegration of new technology in the creation of workplace
and persona well-being programs constitutes an easily
accessible and cost-effective approach to addressing mental
health concerns. Digital mental health programs provide a
potential solution to engaging hard-to-reach, time-poor, and
potentially help-seeking averse junior physiciansin away that
does not exasperate confidentiality concerns around discussing
mental health problems face-to-face. To our knowledge, Shift

avoidance behaviors or choice overload and thus potentially
minimize exposure to beneficial content. Thus, use behaviors
and outcomes should be thoroughly inspected to predict which
use patterns consgtitute effective engagement if such a pathway
indeed exists. Finally, Shift focuses on individual-level change
factors. However, to address distress among junior physicians
in a comprehensive manner, structural change programs
including organization-level solutions are likely to be required

isthe first initiative of itskind in that it aims to deliver mental
health and support resources to junior physicians through
unobtrusive mHealth app technology. This study describes an
innovative, multiphase, and multidisciplinary user-driven design
process that was undertaken to ensure a match between the app
and the needs and barriers faced by junior physicians. Further
research is planned to examine whether Shift proves useful for
a substantial number of junior physicians.
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Abstract

Background: As poor diet quality is a significant risk factor for multiple noncommunicable diseases prevalent in the United
States, it isimportant that methods be devel oped to accurately capture eating behavior data. There is growing interest in the use
of ecological momentary assessments to collect data on health behaviors and their predictors on a micro timescale (at different
points within or across days); however, documenting eating behaviors remains a challenge.

Objective: Thispilot study (N=48) aims to examine the feasibility—usability and acceptability—of using smartphone-captured
and crowdsource-labeled images to document eating behaviorsin real time.

Methods: Participants completed the Block Fat/Sugar/Fruit/\Vegetable Screener to provide a measure of their typical eating
behavior, then took pictures of their meals and snacks and answered brief survey questions for 7 consecutive days using a
commercialy available smartphone app. Participant acceptability was determined through a questionnaire regarding their
experiences administered at the end of the study. The images of meals and snacks were uploaded to Amazon Mechanical Turk
(MTurk), a crowdsourcing distributed human intelligence platform, where 2 Workers assigned a count of food categories to the
images (fruits, vegetables, salty snacks, and sweet snacks). The agreement among MTurk Workers was assessed, and weekly
food counts were calculated and compared with the Screener responses.

Results. Participants reported little difficulty in uploading photographs and remembered to take photographs most of the time.
Crowdsource-labeled images (n=1014) showed moderate agreement between the MTurk Worker responses for vegetables
(688/1014, 67.85%) and high agreement for all other food categories (871/1014, 85.89% for fruits; 847/1014, 83.53% for salty
snacks, and 833/1014, 81.15% for sweet snacks). There were no significant differencesin weekly food consumption between the
food images and the Block Screener, suggesting that this approach may measuretypical eating behaviorsas accurately astraditional
methods, with lesser burden on participants.

Conclusions: Our approach offers a potentialy time-efficient and cost-effective strategy for capturing eating events in real
time.

(IMIR Form Res 2021;5(12):e27512) doi:10.2196/27512

KEYWORDS

ecological momentary assessment; eating behaviors; crowdsourcing; food consumption images; food image processing; mobile
phone
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Introduction

Background

Poor diet quality is a significant risk factor for multiple
noncommunicable diseases, including diabetes, certain cancers,
and cardiovascular disease [1-3]; however, effective strategies
for promoting healthful dietary behavior changesremain elusive.
Data reported by the American Heart Association show that
<2% of US adults consume an ideal diet [4], a finding further
supported by similar dataindicating suboptimal intake in most
countries [5]. Changing eating behaviorsis challenging, partly
because of the multifactorial influences on eating decisions.
These range from individua and family-level beliefs,
preferences, and constraints to larger social, physical,
environmental, and temporal and situational cues [6-9]. Such
complexity surrounding eating decisions suggests theimportance
of documenting not only what people eat but a so the social and
contextual factors potentially influencing their choices.

A growing number of studies have used ecological momentary
assessments (EMA ) to simultaneously capture information on
what people eat and the role that various social and contextual
factorsplay ininfluencing those decisionson amicro timescale
(acrosseating eventsover 1 or several days) [10]. EMAsinvolve
repeatedly sampling participants’ behaviors and experiencesin
real time within their natural environments[11]. Thistypically
involves administering surveys several times throughout the
day using SM S text messaging or a smartphone app. EMA has
been used in severa studies to evaluate the predictors of
intraindividual changesin eating behaviors throughout the day
or across days [12-14]. This timescale and the widespread use
of smartphones simplify the evaluation across a wide range of
predictors, including stress, social and physical environments,
and time of day.

To confidently determinethe predictors of eating behaviors, we
need to accurately capture eating events. Measuring eating
behaviors on a micro timescale makes some of the more
traditional self-reported dietary measuresless practical or useful
[15,16]. For example, a 24-hour dietary recal is difficult and
burdensome for participants to document through SMS text
messaging or asmartphone app. In addition, thisformat of data
collection would require participantsto recall their emotions at
the time of the meals or provide further details regarding their
environment during each meal, which could lead to measurement
error and recall bias. Image-based food data collection methods
have been devel oped and eval uated for measuring energy intake;
however, they often require participantsto use afiducial marker
when taking the images, followed by time-intensive analyses
by adietitian[17,18]. Thisapproach isuseful when quantifying
total energy intake or when nutrients are of central importance
but less so for measuring the predictors of fluctuationsin eating
behaviors throughout the day or from day to day (eg, snacking
or unhealthy eating events).

Most EMA studies seeking to measure the predictors of eating
behavior on a micro timescale require that participants record
their eating events through diaries or journa entries [19,20] or
through the completion of checklists having avariety of different
food types [21-24]. Thisis problematic, as such lists are finite
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and may fail to fully capture the relevant food options, especially
on a smartphone screen. In addition, the act of checking a box
to confirm certain eating decisions may influence and alter
behaviors [25]. Thus, an alternative approach that is more
comprehensive but less overt is warranted.

Objective

This study assesses the feasibility—the ease of use and
participant acceptability—of coupling participant-captured
images with crowdsourcing to document eating events in real
time. Collecting imagesfacilitates and enhancesthe self-reported
measures of food consumption. Photographing food is now
commonplace and socially acceptable, thereby offering a
practical strategy for obtaining comprehensive assessments of
eating behaviors while lessening the burden on participants.
Furthermore, the use of crowdsourcing to classify and quantify
food itemsisatime- and cost-effective, scalable approach with
proven accuracy in other biomedical applications [26].
Crowdsourcing minimizes participant burden by eliminating
the need to label food imagesthemselvesor fill out dietary recall
journals and surveys. Through this elimination, crowdsourcing
also limits participant reflection on their eating decisions, which
could alter their behaviors during the study time frame.
Implemented together, participant-captured images and
crowdsourcing of imagelabels can provide afeasible aternative
to current food intake EMA methods.

Methods

Study Population

We recruited a convenience sample of 48 former participants
of the Chicago Healthy Eating Environments and Resources
Study (CHEERS) to participate in this pilot study. CHEERS
was a cross-sectional study of 228 nonpregnant women aged
18-44 years and living in 4 racialy, ethnicaly, and
socioeconomically diverse neighborhoods in Chicago, Illinois,
who could understand English or Spanish [27]. The women
were recruited via flyers posted in neighborhood stores,
presentations to parent organizations at schools, and mails sent
using commercially available address lists. This study focused
on recruiting women because of the persistent racial and ethnic
obesity disparities that exist among women and as women are
typically responsible for food preparation and purchasein their
families. Women in this age group were selected, astheseyears
areacritical period for anincreasein weight because of arange
of factors, including postpregnancy weight retention and
declining muscle mass and muscle strength [28]. Data for the
original study were collected between 2016 and 2017, whereas
datafor this pilot study were collected between 2018 and 2019.
This study was approved by the Northwestern University
institutional review board (STU00203035), and all participants
gave informed consent.

Study Procedure

The CHEERS EMA pilot study comprised a 1-day initial visit,
a7-day EMA study period, and a 1-day final visit. Participants
were incentivized to participate with cash rewards: US $20 for
thefirst visit, US $9 per day of valid data collection (up to US
$63), and US $30 for the final visit. During the initial visit,
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participants were asked to complete several questionnaires
adopted from other studies or created specifically for CHEERS.
Participants aso completed the validated Block
Fat/Sugar/Fruit/\VVegetable Screener, which provides estimates
of saturated fat, trans fat, total sugars, added sugars (in
sweetened cereal s, soft drinks, and sweets), fruit and fruit juice,
vegetable intake, glycemic load, and glycemic index [29]. In
this study, the Block Fat/Sugar/Fruit/\VVegetable Screener was
used to estimate the usual weekly intake of fruits, vegetables,
sweet snacks, and salty snacks.

During the 7-day EMA study period, participants documented
all their meals and snacks by capturing images via smartphones
using 1 of 2 apps: LifeData (LifeData, LLC) or Mobile EMA
(ilumivu, Inc). During the initial visit, study team members
installed the apps either on participants’ personal smartphones
or on astudy-provided smartphone, and participantsweretrained
to use the apps. Study data were stored within the app and then
uploaded to the server when connected to Wi-Fi during the
study period or when the phone was returned at the end of data
collection; therefore, Wi-Fi was not required for data collection.

A combination of event- and signal-contingent EMA surveys
were used. For the event-contingent surveys, participants
answered 3 short questions at the time each food item image
was uploaded. Participants were asked to upload a picture of
their meal or snack at the time of each eating episode, and they
received an SM S text message every morning reminding them
to complete the meal or snack event-contingent surveys.
Participants indicated whether the food item was a mea or
snack. Trained staff contacted the participants on day 2 of the
7-day datacollection period to answer questions and encourage
adherence. Signal-contingent surveys were randomly sent
throughout the day to assess the role of stress and affect on
eating behaviors. Participants were asked to compl ete 4 surveys
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per day. They received prompts between 8 AM and 8 PM, with
at least 2 hours between prompts. Participants phoneswere set
to allow push notifications to aert them as the prompts came
through. Each survey was available for 10 minutes to more
accurately capture stress and affect in real time. If the meal or
snack was not photographed, participants were requested to
write down what they ate and upload an image of that
description. During the study, participants also wore heart rate
monitors and accelerometers to assess their physical activity
and stress levels. Participants were rewarded US $4 for each
day with valid heart rate and accelerometer dataand US $5 for
each day with at least 3 signal-contingent and 2 event-contingent
EMA surveys.

Usual Food Intake

Participants completed the Block Fat/Sugar/Fruit/Vegetable
Screener [29] to assess their usual intake of foods relevant to
the study. The Block Fat/Sugar/Fruit/Vegetable Screener
(Screener) is a food frequency questionnaire that has been
validated for providing estimates of saturated fat, transfat, total
sugar, fruits, and vegetables. Food frequencieswere determined
through participant responses to “How many days per week?’
for the relevant survey questions (Textbox 1). Participantswere
asked to select either none or less than 1, 1 day, 2 days, 3-4
days, 5-6 days, or every day. Responses were coded as 0, 1, 2,
3.5, 5.5, and 7 and summed by food category. This measure
was used to reflect the number of times per week an individual
usually consumed that particular food group, and it was
compared with the number of times cal cul ated from the images
they submitted. As with Amazon Mechanica Turk
(MTurk)—processed images, the Screener aimed to capture the
number of times each type of food was eaten, not the serving
size.
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Textbox 1. Questions taken from the Block Fat/Sugar/Fruit/\VVegetable Screener at previsit to determine the self-reported intake of fruit, vegetables,

salty snacks, and sweet snacks.

Fruit

o Any kind of fruit, fresh or canned (not counting juice)

Vegetables

«  Green salad and vegetables you put in green salad
«  Potatoes, not fried, such as baked or mashed

«  Vegetable soup or stew with vegetables

« All other vegetables you eat as aside dish or in any kind of dish, not counting salad or potatoes

Salty snacks

«  French fries, home fries, and hash browns

«  Snack chips such as potato chips, tortilla, corn chips, Fritos, Doritos, or popcorn (not pretzels)

«  Crackers such Ritz, soda crackers, Cheez-Its, or any other snack cracker

Sweset snacks
. Ice cream and ice cream bars

o Donuts

«  Cake, cookies, or snack cakes such as cupcakes, Twinkies, or any other pastry

«  Pie including fast food pies or snack pies

«  Chocolate candy such as chocolate bars, M&Ms, Mars Bars, and Reeses

«  Any other candy (not chocolate) such as hard candy, Lifesavers, Skittles, and Starburst

Acceptability of Using EMA to Capture Mealsand
Snacks and Data Quality

After the EMA study period, participants were asked to rate
their experiences with the process of taking pictures of their
meals and snacks. Specifically, on 5-point Likert scales,
participantswere asked how often they remembered to take and
upload pictures of their meals and snacks (response options
included none of the time [value=1], some of the time, half of
the time, most of the time, or al of the time [value=5]), how
much taking the pictures changed their eating behaviors (not at
al=1, dightly, somewhat, moderately, or substantialy=5),
whether they had difficulty uploading pictures of their food
(strongly disagree=1, disagree, neither agree nor disagree, agree,
or strongly agree=5), whether they had difficulty understanding
the questions (strongly disagree=1, disagree, neither agree nor
disagree, agree, or strongly agree=5), and whether they had
difficulty entering their responses (strongly disagree=1, disagree,
neither agree nor disagree, agree, or strongly agree=5).
Participant acceptability questionsranged from strongly disagree
(value of 1) to strongly agree (value of 5); therefore, in these
questions, a higher score correlated with a higher degree of
difficulty for that topic.

Crowdsourced Labeling of Food Images

MTurk was used to process the images of participants’ meals
and snacks. MTurk is a crowdsourcing distributed human
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intelligence platform that has been used to process images for
biomedical research [30-32]. Users upload discrete human
intelligence tasks (HITs) that Workers can complete quickly
for asmall payment. In thisstudy, 1 HIT required assigning the
number of aparticular food item in an image. Workers receive
feedback on their performance through user approval or rejection
of the HITs. Users can also specify the Worker qualifications
to improve the quality of their responses.

For this study, Workers were required to have >1000 approved
HITs, with an approval rate of 299%, and they had to belocated
in the United States. Eligible Workers are randomly assigned
to HITs and can complete as many as they choose, resulting in
many Workers completing an assignment. In this study, Workers
were asked to assign counts of the following food categoriesin
separate HITs: fruits, vegetables, salty calorie-dense foods (eg,
potato chipsand fries), and sweet calorie-dense foods (eg, cake,
cookies, ice cream, candy, chocolate, and other pastries).
Workers only counted the different food itemswithin the current
category, and they were not asked to quantify by serving size.
For example, if the category was fruit and the image contained
2 grapes and half an apple, the count assigned would be 2,
although it may not be equivalent to 2 servings of fruit. Thisis
consistent with the type of eating behavior data collected in
other EMA studies [10,14,33]. Screenshots of the instructions
provided to Workers can be found in Figure 1.
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Figure 1. Example Mechanical Turk Worker interface for vegetable tasks, including an image with examples and the full instructions.

A

Instructions X How many DIFFERENT TYPES of vegetables appear in
this image?
View full instructions Select an option
View tool guide 0 1
1 2
Examples of ) ,
Vegetables
3 4
Avocado, broccoli, carrots, s
cauliflower, peppers, spinach, 4
pumpkin, tomatoes, tomato 5+ 6
juice, beans, bean sprouts, Uncertain 7
peas, non-fried white and (please explain
sweet potatoes below)
*Examples listed above are
not exclusive, but given as a
—
QR Q + 0
Zoomin Zoomout Move Fitimage .
Full Instructions X

1. Carefully examine the entire image. If the name of a food/beverage appears in place of the actual
food item, please evaluate the image as if the actual food item were present.

2. Next determine if there are any vegetables in the image.

3. If vegetables exist in the image, select the option that represents the number of DIFFERENT
vegetables present. For example, if there are multiple carrots in the image, count that as one type of

vegetable.

4. Otherwise, if vegetables do not exist in the image, please select 0",
5. If you are unsure or unable to quantify the number of vegetables, please select "Uncertain” and

explain why in the box provided.

NOTE: For salads/dishes with a mixture of vegetables, count each individual vegetable. Count salsa
or guacamole as one vegetable. Do not count smoothies or sauces (i.e. tomato sauce) as a
vegetable. We are considering tomatoes as vegetables, not as fruit.

Before uploading the images, a study team member checked
each image to ensure that they did not accidentally include the
participants' personal information or anything that could
potentially identify participants. Each batch contained
approximately 100 images (HITs), and although participants
were given 1 hour to complete each HIT (ie, assign the number
of food items in 1 image), on average, whole batches were
completed in 1 hour and 45 minutes (SD 69 minutes). Batches
can be run simultaneously; therefore, all images could be
processed within the same 2-hour period. Each HIT was
estimated to take the Workers 15 seconds to complete, and they
were provided aUS $0.05 reward upon completion of each HIT.
Thisisequivalent to US $13 per hour, which was the minimum
wage in the city of Chicago at the time of the study.
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Figure 1 displays the interface that MTurk Workers were
presented. Along with the prompt, “How many different types
of [food category] appear in this image?’, the Workers were
provided with examples of the food in question and detailed
instructions. Workers could select 0, 1, 2, 3, 4, 5+, or uncertain
to categorize the image (Figure 1). If uncertain was selected,
the Worker was asked to elaborate in the space provided.

Participant | mage—Captured Food Frequency

Responses from the MTurk Workers were downloaded as
comma-separated value files in the same batches as the images
were uploaded. Files were combined and cleaned to ensure the
absence of duplicates. As 2 Workers were assigned to count the
food items for each image, their responses were compared.
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Images with discordant responses between Workers were
evaluated by a study team member and given a final count.
Weekly intake was calculated for each participant by summing
the items across the images by participant ID for each food
category (fruits, vegetables, salty snacks, and sweet snacks)
using the final counts assigned to the images.

Statistical Analysis

Acceptability of photographing food and uploading the images
was evaluated based on responses to survey questions and the
total number of photographstaken by participants over the EMA
study period. Survey responses were categorized on Likert
scales, and mean values were calculated for each component
across participants. Thefeasibility of using MTurk to count the
number of fruits, vegetables, sweet snacks, and salty snacksfor
each participant was assessed by calculating the percentage
agreement between the responses provided by the 2 MTurk
Workers. Qualitative analyses were performed to better
understand the reasons for any discordance between Workers,

Table 1. Participant characteristics (N=48).

Harrington et a

specifically, theimage was assessed for thelikely reason behind
the discordance, the reasonswere grouped into common themes,
and the frequency of each theme was calculated separately for
each food category. Weekly mean food intake by category was
calculated for thefood images and the Screener responses. Mean
values were compared using 2-tailed t tests.

Results

Demogr aphics

Table 1 lists the study participants sociodemographic
characteristics. The average age was 37.5 years. Of the 48
participants, 23 (48%) identified as non-Hispanic White, 5
(10%) as non-Hispanic Black, and 19 (40%) as Hispanic or
Latina. Approximately 68% (32/48) of participants had at least
a bachelor's degree or higher, and 44% (21/48) found it
somewhat hard or harder to pay for the basics. All participants
were female.

Characteristics

Participants, n (%)

Age (years)
<40
240
Race?
Non-Hispanic White
Non-Hispanic Black

Hispanic or Latina

Education?
Less than abachelor’s degree

Bachelor's degree or higher
Financial burden?

Not very hard to pay for basics

Hard to pay for basics

30 (63)
18 (39)

23 (49)
5 (10)
19 (40)

15 (32)
32 (69)

27 (56)
21 (44)

@0ne participant was missing demographic information.

Acceptability and Data Quality

A total of 1022 images were collected by the participants.
Approximately 3.03% (31/1022) of images contained awritten
description of what was eaten in English, and 0.78% (8/1022)
of images contained a description written in Spanish. Images
containing adescription in English wereincluded in the batches
uploaded to MTurk, and the counts were assigned by the
Workers. Images with Spanish descriptions were trandated,
and atrained study team member assigned the counts of fruits,
vegetables, salty snacks, and sweet snacks. These images were

https://formative.jmir.org/2021/12/e27512

not uploaded to MTurk but were included in the final analyses
comparing image and Screener responses.

Table 2 provides the average survey responses. Participants
reported no difficulty in entering responses (mean 1.40, SD
0.71), understanding the questions (mean 1.48, SD 0.90), or
uploading photographs (mean 2.15, SD 1.24). An average of
21.3 photographs (SD 9.52) per participant were taken over the
study period. Participants remembered to take photographs more
than half of the time on average, and their behavior changed
slightly to somewhat because of participation in the study.
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Table 2. Responses to survey questions on participant acceptability and data quality.

Measure

Score, mean (SD)

Participant acceptability®
Difficulty entering responses
Difficulty understanding questions
Difficulty uploading photographs
Data quality
Number of photographs taken
Remembered to take photographsb

How much did taking pictures change behavior®

1.40 (0.72)
1.48 (0.90)
2.15 (1.24)

21.29 (9.52)
3.85 (0.87)

2.38(1.18)

3possible options for each question in this section ranged from strongly disagree (1) to strongly agree (5).

bpossible options ranged from none of the time (1) to al of the time (5).
CPossible options ranged from not at all (1) to substantially (5).

Feasibility of Using M Turk

After the 7-day study period, 99.22% (1014/1022) of
photographs of participants meals and snacks were assessed
by MTurk Workers. Each image was uploaded and evaluated
for the presence of fruits, vegetables, salty snacks, and sweet
snacks; therefore, 4056 HITs were completed by Workers. On
average, the batches took 1 hour and 45 minutes to process.
Classification agreement among the MTurk Workers was
moderate for vegetables (688/1014, 67.85%; images received
the same response from both Workers), and agreement was high
for al other food categories (871/1014, 85.89% for fruits;
847/1014, 83.53% for salty snacks; and 833/1014, 82.15% for
sweet snacks; images received the same response). The study
team performed athematic analysis of the imagesthat received
discordant responses. A total of 4 categories were identified
that presented possible explanations for the discordance: poor
image quality, image subject uncertainty, user error, and
miscellaneous. Imagesin the poor image quality category were
blurry, had low visibility or adark contrast, or the background
was confusing or misleading. The image subject uncertainty
category included foods that may have been difficult to discern

or that portrayed amixture of several items, such assalads, rice
bowls, or vegetable mixes. In the user error category, image
answers were in contrast to the provided MTurk instructions
(ie, Workerswereinstructed to count tomatoes asits nutritional
designation, as avegetable, despite botanically being classified
asafruit), or the Worker inaccurately counted the types of food
in question. The miscellaneous category applied to images that
failed to fit into these 3 main classes.

Figure 2 presents the prevalence of the 4 types of discordant
response explanations by food category. User error wasthe most
prevalent reason for discordant responses across al food
categories: it was most prevalent in salty snacks (145/167, 86.8%
of imageswith discordant responses), followed by sweet snacks
(145/181, 80.1%), fruits (78/143, 54.5%), and finally vegetables
(163/326, 50%). Figure 3 further breaks down user errors into
its subgroups: incorrect responses despite instruction
clarification and incorrect responses because of Worker
inaccuracies not specifically addressed in the instructions.
Within these groups, the latter was most prevalent across al
food types, with the highest percentagein salty snacks (135/145,
93.1% of images) and the lowest percentage in fruits (41/78,
53% of images).

Figure 2. Prevalence of discordant Mechanical Turk Worker response explanations by food category.

Sweet snacks

Salty snacks
Vegetables
Fruit
0% 20% 4% &0% BO% 100%
mage quality mage subject uncertainty User error m Miscelleneous
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Figure 3. Prevalence of discordant Mechanical Turk Worker responses by types of user error.

Sweet snacks

Salty snacks
Vegetables
Fruit
0% 20% A0% 60% B0% 100%
mage quality mage subject uncertainty User error Miscellaneous

Image subject uncertainty was the next most common
explanation for discordant responses. This explained 48.8%
(159/326) of vegetable discordances, 39.2% (56/143) of fruit
discordances, 17.7% (32/181) of sweet snacks discordances,
and 13.2% (22/167) of salty snacks discordances (Figure 2).
Image quality explained 1.2% (4/326) of vegetables, 4.9%
(7/143) of fruit, 0% (0/167) of salty snacks, and 1.1% (2/181)
of sweet snacks discordances. Finally, only 0.39% (4/1014) of
responses were grouped into the miscellaneous category: 50%
(2/4) in the fruit and 50% (2/4) in the sweet snacks responses.

Comparison of Usual Consumption From Food | mages
and Dietary Screener

The food images and the Screener were able to capture similar
patterns of food intake. In both methods, vegetables were
reportedly consumed most frequently and fruitsleast frequently
(Table 3). Although the frequency of sweet snack consumption
was lower using food images compared with that using the
Screener, there were no statistically significant differences in
the weekly frequency of food consumption between the image
and the Screener results across al 4 food categories (fruit,
P=.99; vegetable, P=.54; salty snacks, P=.56; and sweet snacks,
P=.37).

Table 3. Weekly food consumption (times per week) based on food images and the Block Screener.

Food category Frequency, mean (SD)
Fruit
Images 3.58 (4.20)
Block Screener 3.59 (2.32)
Vegetables
Images 9.96 (6.01)
Block Screener 10.28 (4.58)
Salty snacks
Images 4.17 (3.21)
Block Screener 3.85(3.16)
Sweet snacks
Images 3.77 (4.13)
Block Screener 451 (4.13)

No dtatistically significant differences were found in food
consumption levels between the M Turk-processed images and
the Screener across al food categories.
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Discussion

Principal Findings

This pilot study demonstrates the feasibility of collecting data
on food intake through participant-captured and
crowdsource-labeled images. The method of photographing
eating events in the context of an EMA study was generally

JMIR Form Res 2021 | vol. 5 | iss. 12 [e27512 | p.86
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

well-accepted and executed by the study participants. Most
remembered to take pictures of their meals and snacks, and few
reported difficulties in uploading the images. Importantly,
uploading the photographs was not more difficult for participants
than entering the responses. Images could be processed in a
timely manner, and there was high agreement in the MTurk
Worker count responses, particularly for fruits, salty snacks,
and sweet snacks images, thereby supporting the feasibility of
using MTurk for image classification. In addition, the weekly
consumption estimated by the food images and the Screener
was comparable.

Overall, vegetableswere reportedly consumed more frequently
compared with the other 3 food groups, and this was consistent
between the 2 methods. Neither method aimed to measure the
serving size but rather the frequency that these food groupswere
eaten. Both the MTurk instruction and the Screener aimed to
measure the types of food eaten; therefore, in 1 meal or snack,
multiple vegetables might have been present and been the
driving force behind higher numbers.

This study further supports the use of participant-captured
imagesto assess eating events. Compared with traditional EMA
methods such as completing surveys or dietary journals, this
study had comparable compliance rates: participants
remembered to take photographs 77% (3.85/5) of the time
[21,34,35]. Previous studies have used partici pant-captured food
images and found high acceptability and data quality, with
participant compliance rates ranging from 30% to 60%
[16-18,36]. These studies had used dieticians to assess the
energy intake or macronutrient levelsfrom theimages; therefore,
our study demonstrates a novel approach of coupling
participant-captured food images with crowdsourced image
labeling. This method can accurately assess eating eventsin an
EMA study without atime-intensive dietician review.

On average, batches of images took 1 hour and 45 minutes to
process. Batches could be run simultaneoudly, allowing many
images to be labeled in the same time frame. Theoretically, if
auser could start all batches at the same time, all 4056 HITs
could be accomplished within the same 1 hour and 45 minutes.
The most limiting factor for time efficiency was the user’s
ability to prepare and publish the batches of images. Even so,
using MTurk to crowdsource image identification is more
time-efficient compared with the participants or study team
members labeling the images. Thisis especially significant for
future studies that wish to scale up this model with more
participants or expand food labeling outside of the 4 food
options examined in this study.

Agreement in Worker responses using M Turk was high for most
food categories; however, for vegetables, they only had a
moderate agreement. Among theimagesthat received discordant
vegetable responses, approximately 50% were because of image
subject uncertainty, the highest across all food categories. In
this discordance explanation category, the subject of the image
presented a meal or snack that made it difficult to discern the
count for the type of food present. Typicaly, this involved a
mixture of foods with some items hidden beneath others or a
variety that was difficult to differentiate. Vegetable discordance
may have been higher asthese foods are more often eaten mixed
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within foods, such as salads, guacamole, rice bowls, and soups,
compared with the other food groups. Future work is needed to
optimize the accuracy of vegetable intake using MTurk.

Crowdsourcing with MTurk has been used successfully in
several areas of biomedical research, including endoscopic video
image annotation [32] and optic disc image classification [31].
Other studies have reported the feasibility of using MTurk for
crowdsourcing nutritional analysis from images of meals[30].
This system, called PlateMate, estimated the macronutrient
calories from fat, carbohydrates, and proteins shown, which is
comparable with assessments among trained dietitians.
Compared with end-of-day recall, crowdsourcing limits
participant burden and self-reflection. Crowdsourcing allows
many Workers to label images at the same time, cutting down
thetotal timeit would take participants or study team members
to process the images. This action removes the obligation from
study participants, lessening their burden. It also limits
participant reactivity by reflecting on their eating choices, thus
biasing the results when participants change their behaviors
because of study procedures. Our pilot study supports the
feasibility of using crowdsourcing to processimages and offers
the potential enhancement of EMA studies by using
crowdsourcing to accurately capture eating eventsin real time.

Limitations

The small sample size and limited socioeconomic diversity in
our sample require replication in study populations with lower
levels of education and income. The widespread availability of
smartphones across soci oeconomic groups supportsour findings,
despite the recognized digital divide[37]. Thisstudy used only
female participants; therefore, further studies may benefit from
recruiting both men and women to determine the feasibility of
using smartphones and crowdsourcing to assess eating
behaviors. Another limitation involved the inability to capture
thedaily frequency that participants ate acertain food item from
the Screener; thus, the measure may not be directly analogous
to the information captured with the food images. However,
with the exception of fruits, multiple questions within the food
categories were used to capture consumption, SO our measures
may more closely reflect instances rather than days.

Along the same lines, we were only able to evaluate and
compare the number of times a participant ate a particular food
with the food images, as opposed to assessing the serving size
or the amount of the meal that was actually consumed. Most
EMA studiesare designed to assess eating behaviorson amicro
timescale; thus, future studieswould benefit from incorporating
portion size aswell. Seto et al [38] demonstrated the feasibility
of using voice-annotated videos of meals and snacks to
accurately capture portion sizes, however, trained dietitians
were involved rather than crowdsourcing. The benefits of
documenting portion size versusthetime and costs of collecting
and processing these data require further consideration
depending upon the study aims.

Conclusions

This pilot study demonstrates the feasibility of using
participant-captured  images categorized through a
crowdsourcing platform to accurately depict eating events. This
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approach offers a potentially time-efficient and cost-effective
strategy for EMA studies of this type. It can provide a richer
breadth of datathat reducesrecall and reactivity biasesin EMA
studies compared with previous methods, such asdietary surveys
and journals. It also offers an alternative strategy that is less

Harrington et a

reduces the amount of recall required by the participant. Our
findings support the use of food images as away of facilitating
the growing interest in measuring food group frequency and
general eating behaviors in a consumer-friendly manner with
minimal additional burden.

burdensome to participants than previous EMA methods, as it
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Abstract

Background: Mobile health (mHealth) technologies, such as wearable sensors, smart health devices, and mobile apps, that are
capable of supporting pregnancy care are emerging. Although mHealth could be used to facilitate the tracking of health changes
during pregnancy, challenges remain in data collection compliance and technology engagement among pregnant women.
Understanding the interests, preferences, and requirements of pregnant women and those of cliniciansis needed when designing
and introducing mHealth solutions for supporting pregnant women’s monitoring of health and risk factors throughout their
pregnancy journey.

Objective:  This study aims to understand clinicians’ and pregnant women's perceptions on the potential use of mHealth,
including factorsthat may influence their engagement with mHealth technologies and the implications for technology design and
implementation.

Methods: A qualitative study using semistructured interviews was conducted with 4 pregnant women, 4 postnatal women, and
13 clinicians working in perinatal care.

Results: Clinicians perceived the potential benefit of mHealth in supporting different levels of health and well-being monitoring,
risk assessment, and care provision in pregnancy care. Most pregnant and postnatal female participants were open to the use of
wearables and health monitoring devices and were more likely to use these technologiesif they knew that clinicianswere monitoring
their data. Although it was acknowledged that some pregnancy-related medical conditions are suitable for an mHealth model of
remote monitoring, the clinical and technical challengesin the introduction of mHealth for pregnancy care were also identified.
Incorporating appropriate health and well-being measures, intelligently detecting any abnormalities, and providing tailored
information for pregnant women were the critical aspects, whereas usability and data privacy were among the main concerns of
the participants. Moreover, this study highlighted the challenges of engaging pregnant women in longitudinal mHealth monitoring,
the additional work required for clinicians to monitor the data, and the need for an evidence-based technical solution.

Conclusions: Clinical, technical, and practical factors associated with the use of mHealth to monitor health and well-being in
pregnant women need to be considered during the design and feasibility evaluation stages. Technical solutions and appropriate
strategies for motivating pregnant women are critical to supporting their long-term data collection compliance and engagement
with mHealth technology during pregnancy.

(IMIR Form Res 2021;5(12):€28628) doi:10.2196/28628
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Introduction

Background

Pregnancy is a norma physiological process, with most
pregnancies progressing without any problems. However,
pregnancy may pose many risks and complications (eg,
gestational diabetes mellitus[GDM], preeclampsia, and mental
health problems), which might greatly affect the health of the
mother, fetus, or both [1,2]. Together with women’s existing
medical conditions (eg, diabetes and hypertension),
pregnancy-related complications can lead to adverse outcomes
such as the loss of pregnancy by miscarriage, stillbirth, or low
birthweight [1,2]. A healthy lifestyleis essential for the health
of the mother and fetus and can potentially reduce the risk of
maternal complications [3,4].

The pregnancy journey involves regular checkups that allow
clinicians to monitor progress, identify potentia risks, and
provide general advice to encourage a healthy lifestyle [5].
Different factors may contributeto thelikelihood of devel oping
pregnancy-related conditions. Individual risk factors (eg, age
and BMI), lifestyle patterns (eg, diet and physical activity), and
physiological measures (eg, blood glucose levels, blood
pressure, and proteinuria) areall indicators of pregnancy-related
risk conditions[6,7]. Regular health and well-being monitoring
can support early detection of health risks, improve treatment,
and promote lifestyle adaptions in pregnant women [8,9].

Mobile health (mHealth), which involves the use of mobile and
wireless technologies to support the achievement of health
objectives [10], has been widely used in health care [11-13].
Wearable sensors and health monitoring devices are becoming
popular and being used to support the monitoring of health and
well-being [12-15]. These technologies support the sensing,
tracking, and reporting of individuals heath measures
continuously (eg, physical activities and physiological data).
Smartphone apps, coupled with wearable and sensing devices,
have been used as data interfaces for visualization of
measurement data, as motivational tools via persuasive
messages, and to support personalized digital interventions to
improve care programs [16,17]. With the availability of these
technologiesin health care, passive monitoring and personaized
assessment would become integral to continuous patient
monitoring [18].

The role of mHealth during pregnancy is being increasingly
investigated [19-23]. Using apps to support preghant women
enhances the traditional pregnancy care model by providing
additional educational information and empowering women to
look after their own health [21,23-26]. Sensors and monitoring
technologies that automatically track specific health indicators
have been integrated into mHeal th sol utions to support pregnant
women's self-care behaviors [22,27-29].

Challengesin Pregnancy mHealth Care

Despite the expansion of mHealth, the practicality, design, and
user needs for digital health monitoring in pregnancy require
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more attention [23,30]. There is a range of consumer-based
wearabl e sensors and prototypes that can measure the physical
activity, dleep, and physiologica parameters [18,31,32].
However, none of these have been specifically designed for
pregnancy care. While research has explored women’s and
clinicians' views of mHedth in pregnancy, there is still a
knowledge gap regarding the preferences of mHealth monitoring
among pregnant women and their clinicians as well as the
suitability of mHealth monitoring for different conditions
[24,29,30,33]. Recent studies have highlighted the importance
of patient-centered design and behavior decision researchinthe
development of mHealth solutions for pregnancy [19,23,28].
Understanding the women’s and clinicians preferences and
their existing and preferred monitoring practices is crucial to
assist in the design of practical solutions to promote a healthy
lifestyle during pregnancy [23,24,28].

Intelligent data analysis can be used to identify the early signs
of illness [34] and potentially support the early detection and
management of complications in pregnancy [35,36]. Previous
studies have investigated the use of predictive analytics and
apps to support pregnancy care, with a focus on specific
conditions and the medical data collected by clinicians [8,37].
These solutions required access to data in medical record
systems and did not consider lifestyle (eg, sleep, diet, and
exercise) factors in their analysis. The ability to extend the
capability of clinical monitoring with multidimensional health
and well-being data, collected via wearable and hedlth
monitoring devices, has the potential to provide significant
benefits to the pregnancy journey. However, challengesremain
in the collection of large-scale and long-term quality data
deemed suitable for pregnancy care [19,23].

Related to these challenges is the need to support pregnant
women’s engagement with technology [24,25,27,28,30]. Even
with emerging evidence on the potential benefits, barriers to
the implementation of mHealth technologiesin pregnancy care
persist [19,24,27,28,38]. Various factors can impact an
individual's feeling toward sharing and tracking health data,
including stress associated with mHealth monitoring, the
availability of reliable educational information, and ineffective
communication with clinicians[22,25,27,30]. Further research
is needed to understand pregnant women’s motivation to use
technol ogiesto better support their engagement, data collection
compliance, and daily use [27,33]. This understanding can
inform the development of mHealth lifestyle interventions and
theintegration of mHealth into pregnant women’sdaily routine
and the clinicians' care practices [24,25,30,38].

Objective

As an initial step to inform the design of appropriate
technol ogiesto support the monitoring of health and well-being
during pregnancy, we aim to conduct a qualitative study with
clinicians, pregnant women, and postpartum women to
understand their existing risk assessment and monitoring
practices as well as their needs, interests, and preferences in
mHealth. We also aim to explore the potential factors that may
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influence their engagement with mHealth data collection and
monitoring as part of pregnancy care. The study, conducted in
the Australian context, contributesto the broader understanding
of factors that motivate the use of mHealth in pregnancy care
and how novel technologies can be designed and introduced to
improve user engagement and long-term health monitoring

during pregnancy.
Methods

Overview

A qualitative study was conducted using semistructured
interviews with pregnant women, postpartum women, and
clinicians currently working in pre- and postnatal care. The
study was approved by the Commonwealth Scientific and
Industrial Research Organization Health and Medical Human
Research  Ethics  Committee  (reference  number:
2019 017_HREC) and the Gold Coast Hospital and Health
Service Human Research and Ethics Committee (reference
number: LNR/2019/QGC/54173) in Australia.

Theinterview questions were adapted from previous studiesin
conducting qualitative studies on digital health technology
design [39,40]. The interviews with pregnant women and
postpartum women included questions rel ated to their experience
inmonitoring their health and well-being during their pregnancy,
in particular their previous and current use of digital health
technology (activity trackers and health monitoring devicesand
apps), and their interest and intention to use technology to
support the management of their pregnancy needs. The
motivations and factors that would contribute to their potential
acceptance of mHealth monitoring were also explored. In
addition, basic demographic and general information about their
lifestyle during pregnancy was collected.

Theclinicianinterviewsincluded questionsrel ated to pregnancy
risk assessment and management as well as supporting
pregnancy health and well-being in standard clinical care.
Clinicians' thoughts were aso collected on monitoring the
components of mHealth solutions, on potential medical
conditions for mHealth monitoring, and on how to introduce
mHealth monitoring in pregnancy care. Basic demographic
information about their roles and years of experience was also
collected.

Participants

Female Participants

The criteria for pregnant and postpartum female participants
(from here on, termed female participants) included the
following: an age of >18 years, pregnancy (any stage of
gestation) or postpartum pregnancy (no longer than 6 months
posthirth) at the time of study, and the ability to give informed
consent. The female participants were initially recruited via 2
internal email mailing lists within the authors' organization.
The emall recipients were asked to share the invitation with
friends and relatives who might be interested in participating.
A snowballing technique was also used, asking women who
had been interviewed to suggest other potential participants.
Once an expression of interest was received, an information
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sheet and a consent form were sent to the potential participants
viaemail, and interviews were scheduled after the participants
consented. Purposive sampling was used during recruitment,
with participants sel ected by considering their pregnancy stages.
Thefocuswason atypical pregnancy, and high-risk pregnancies
were not targeted. Initial data coding was performed during the
data collection process. Recruitment continued until no new
codeswereidentifiablein the subsequent interviews. Thefemale
participants were offered a gift voucher value of Aus $60 (US
$42) as compensation for their time.

Clinician Participants

Clinicians recruited for the interviews were hedlth care
professionasinvolved in pre- and postnatal care at the obstetrics
and gynecology department of a tertiary public hospital in
Australia, which delivers standard clinical servicesin pre- and
postnatal care. The management team of the department was
interested in expl oring the use of mHealth technol ogy. Potential
participants were identified by a key study representative (an
obstetrician) at the hospital. They were chosen based on their
role, level of experience, and interest in participation. The study
representative emailed potential participants the information
sheet and consent form to introduce the study and study
investigators. Clinicians were required to express their interest
in participating before being included in an interview. No
compensation was offered to the clinician participants, except
for a chocolate snack after the interview.

Study Procedure

All interviewswere conducted on aone-on-one basiswith each
female participant during a 3-month study period. They were
all offered the choices of face-to-face, videoconference, and
telephone interviews. To ensure that the clinician participants
were less inconvenienced, 2 researchers made themselves
available at the hospital for 2 full days. Clinician participants
could attend theinterviews anytime during those 2 days, if their
workflows allowed. Face-to-face interviews were conducted
either at aclinician’s private office or at a small meeting room
in the hospital. In addition, a telephone interview was offered
to a clinician who visited a different hospital. The interviews
were scheduled with the hel p of the study representatives. Each
interview session was conducted with 1 clinician, except for 1
session involving 2 nurse managers. Each interview was
conducted by 2 researchers and lasted approximately 30-45
minutes. The interviews were audio-recorded and transcribed
professionally.

Data Analysis

A thematic coding technique was used to identify the insights
from the interview data. One key researcher worked on the
coding of the transcripts using NVivo (QSR International) data
analysis software, and the other 2 researchers summarized their
interview notes. Initial findings regarding the themes that
emerged were discussed among the research team members. A
second round of coding and analysis was conducted by a key
researcher. The discussion continued over several meetings
before a report of the findings was generated. Themes related
to the current practices of regular monitoring and risk
assessment, current experiences, and motivations for using
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mHealth technologies, and perceived benefits and challenges
inincorporating mHealth technologiesin daily life and practices
were identified.

Results

Participant Characteristics

A total of 8 female participants were interviewed (Table 1); 2
(25%) of them were in the second trimester of pregnancy, 2
(25%) were in the third trimester, and 4 (50%) were in the
postpartum stage. Pregnant women in their first trimester of
pregnancy were not available during recruitment. Of the 8
female participants, 2 (25%) had GDM, 1 (13%) had

Table 1. Characteristics of female participants (N=8).

Lietd

preeclampsia, 1 (13%) had iron deficiency, and 4 (50%) had no
medical conditionsduring their pregnancies. Moreover, 4 (50%)
of the 8 femal e participants used private hospitals, 3 (38%) used
public hospitals, and 1 (13%) had both public and private
hospital experiencesin their current and previous pregnancies.
A total of 4 (50%) female participants were recruited from the
researchers organization. All (8/8, 100%) of the female
participants had experience using smartphones and mobile apps
ingeneral. A total of 13 cliniciansfrom the public hospital were
interviewed, including 2 (15%) obstetricians who also worked
at private hospitals, 7 (54%) midwivesin different roles, 1 (8%)
health educator, 1 (8%) social worker, 1 (8%) physiotherapist,
and 1 (8%) dietitian (Table 2).

Characteristics

Values, n (%)

Pregnancy stage
Second trimester
Third trimester
Postpartum (2-4 months)
Medical condition during pregnancy
Gestational diabetes
Preeclampsia
Iron deficiency
No medical conditions
Working time during pregnancy
Full-time
Part-time
First time mother
Yes
No
Public or private service used
Public
Private
Mixed
Have used smartphones and apps
Yes

No

2 (25)
2 (25)
4 (50)

2 (25)
1(12)
1(12)
4 (50)

7(89)
1(12)

7(88)
1(12)

3(38)
4 (50)
1(12)

8 (100)
0(0)
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Table 2. Characteristics of clinician participants (N=13).
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Characteristics

Values, n (%)

Roles
Obstetricians
Midwife
Midwife, manager
Midwife, clinical consultant
Midwife, general practitioner liaison
Health educator
Social worker
Physiotherapist
Dietitian
Experiencein their fields (years)
<10
10-20
20-30
>30
Gender
Female

Male

2(15)
3(23)
2(15)
1(8)
1(8)
1(8)
1(8)
1(8)
1(8)

2(15)
6 (46)
4 (31)
1(8)

11 (85)
2 (15)

In this section, we have presented the key themes extracted from
the data, which are grouped into the following categories: risk
assessment, health monitoring practices, and care needs; female
participants experience of health monitoring and attitude toward
mHealth; and the clinician participants’ perception of mHealth.

Risk Assessment and Monitoring During Pregnancy

Clinicians pointed out that every pregnant woman has unique
care needs and potential risks. They articulated when and how
risk assessment and support of lifestyle adaptions could be
carried out in practice.

Risk Assessment and Care Needs

The need for longitudinal monitoring was highlighted by
clinicians because many women who were initially believed to
have low-risk pregnancies due to their medical history could
become high-risk as their pregnancies progressed; one of the
clinician participants (C9) commented “pregnancy isajourney
with unpredictability.” As the clinicians explained, specific
indications and risks for medica conditions were assessed
during the early stages of pregnancy, throughout the pregnancy
period, during labor, and during postpartum. In the early stages
of pregnancy, the women's health is typically monitored by
their primary care provider, the general practitioner (GP), before
their first visit to ahospital or an obstetrician. Ontheinitial visit
to ahospital (for women using the public system), medical data
from the GP referral, medical history (eg, previous obstetric,
family, and psychosocial histories), pre-existing disorders, and
lifestyle (eg, smoking and alcohol intake) were consolidated.
For women who used private hospitals, obstetricians managed
their care and monitoring from the early stages of pregnancy
until postpartum. In public hospitals, midwives used the
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guidelines of referral and consultation to decide how and when
to refer women at different stages of pregnancy to obstetricians
and other hedth care professionals. The care plan and
monitoring arrangements depended on the women’s condition,
their risk factors, their preferences, and the hospital’s capability.
One obstetrician explained:

If anything changes along that timescale, they get
referred back to obstetric clinic and they come under
obstetric care, but that is because they developed a
complication along the lines, either would be
gestational diabetes, or they have problemswith blood
pressure or baby is not growing as well as it should
be. [C11]

Assessment and care coordination is required for high-risk
pregnancies. At the public hospital where the study was
conducted, aclinical midwifery consultant worked asanavigator
to provide coordination and consultation in collaboration with
the obstetricians and other specialists for high-risk pregnant
women. Such cases were flagged in the electronic medical
records and their management plans were recorded. The
high-risk pregnant women need to visit the hospital multiple
times to see different specialists, whereas others (intermediate
risk) whose conditions are well-managed only need some level
of coordination. The changing nature and different care needs
for pregnant women with different risk profiles are described
asfollows:

It really depends on the health and well-being of the
women, and sometimes | can downgrade women and
sometimes | haveto upgrade themastheir pregnancy
goes along. So sometimes, women at the beginning
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need quitealot of intensive support and coordination,
but once we have got that underway and we are on
the right track, then it can be stepped down. [C13]

Supporting Pregnant Women’s Healthy Lifestyle and
Well-being

Clinicians pointed out that awareness and support of physical
activity, diet, and mental and emotional aspects of well-being
in pregnant women is an important component of pregnancy
care. Nutrition, exercise needs, and expected weight gain were
discussed with the pregnant women during their first visit. This
information wasincluded in theinformation pack, together with
useful websiteinformation and web links. Although the low-risk
women received general education, specialist consultationswere
provided for at-risk women (eg, those with diabetes) to guide
their diet and physical exercise. Physiotherapy and dietitian
support were provided for women who needed interventions.
Mental health was assessed by an obstetrician review or a
midwife review. The Edinburgh questionnaire [41] was used
as a screening tool. Triage assessment for women with high
scoreswas performed, followed by areferral to the mental health
team for their ongoing management during the antenatal and
postnatal periods.

The midwife manager participants pointed out that there has
been some attention to monitor women'’s lifestyle behavior,
emotional health, and well-being from a longitudinal
perspective. There is a trend of expanding the timeline of
pregnancy and perinatal care to the first 1000 days from
conception to when children turn 2 years old [42]. Thisis a
critical period as the pregnant and postnatal mothers' health,
nutrition, and stress levels can have along-term impact:

The education around that for the mother...is
modifiable behaviours...giving themtheright support
and the right education that can make a big
difference, even the small changes...for the length of
stay, and for thelong-term health benefits of that child
if they can change those behaviours when they go
home aswell. [C7]

Female Participants Perception on Health Monitoring
and mHealth

Overview

All female participants believed that maintaining a healthy
lifestyle was beneficial for their pregnancy. Most of them
integrated a certain level of exercise into their daily routines.
Walking was the most popular type of activity among them,
followed by activities such as swimming and aerobics. They
also maintained a balanced diet and monitored their body
weight.

In this section, we have described the femal e participants' views
on health measurements (eg, blood pressure and blood glucose
levels) and lifestyle behaviors (eg, physical activity, diet, sleep,
stress and mental health, and weight management) that can be
tracked using wearable sensor devices, health monitoring
devices, and mobile apps.
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Monitoring Physical Activity, Sleep, and Heart Rate

Commercial activity trackers (eg, Fitbit [Fithit Inc] and Apple
Watch [Apple Inc]) were used by 63% (5/8) of the female
participants to track their steps, sleep, and heart rate. Of the 5
of them, 2 (40%) used activity trackers before pregnancy and
continued using them during pregnancy, whereas the other 3
(60%) bought a device specifically to monitor their physical
activity during pregnancy. Participants who did not own or use
activity trackers during pregnancy thought that they had no
medical problems, were physically active already and did not
need additional motivation, or were concerned about the
inconvenience of wearing a tracker and the need to charge the
device battery.

Physicd activity wasthe key measure tracked by the participants
who used trackers. Furthermore, 25% (2/8) of participants used
trackers to keep track of sleep quality. Interestingly, although
4 (50%) of our 8 participants mentioned sleep problems during
pregnancy (eg, waking up a couple of times at night and
difficulty going back to sleep), they did not feel the need to
track their sleep every day as they knew they had this issue.
Similarly, heart rate was not a concern for most of them, with
only 25% (2/8) of participants who tracked their heart rates on
the activity trackers noticing an increased heart rate when they
were stressed:

| tended to notice that it seemed to be when | was
trying to rush around somewhere or | was a little bit
anxious, it was often higher when | was at the
hospital...so | wasjust consciousto kind of take some
deep breathsand just try and sit down and calm down
for alittle bit. [F2]

Monitoring Weight

All female participants used weight scales at home before and
during their pregnancy. Of the 8 participants, 2 (25%) paid
particular attention to weight increase as suggested by doctors,

whereas another 6 (75%) participants used the scales on anow
and then basis:

| didn't properly track my weight, | just put myself
on the scale every week or so...And the obstetrician
always got my weight as well on his scales, so he
tracked it that way. [F5]

Monitoring Diet

Participants with GDM diagnosis tracked their calories. Of the
8 participants, 1 (25%) tracked food intake using an app and
found it useful, as she was told by her physician not to gain
more than a certain weight. Half (4/8, 50%) of the participants
expressed their willingnessto try adiet-tracking app. The other
half felt that they did not have any major health concerns that
required them to track food intake, that their weight was in
healthy range, or that they were concerned about the time and
effort required to record and check the data:

That's never been a priority for me to monitor how
many calories I've had during the day because I’ ve
never been someone that over eats and I’ ve always
stayed within a pretty healthy weight range. [F3]
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Monitoring Blood Pressure

Most of the female participants did not measure their blood
pressure at home, with it being measured only during their
hospital visits. Only 38% (3/8) of them had a blood pressure
device at home, with only 25% (1/4) of them (who used aprivate
hospital) measuring it regularly at home owing to abnormal
blood pressure being detected occasionally on her visitsto the
clinic. Participants were educated by their clinicians on how to
monitor their symptoms and wereinformed that their local GPs
or pharmacists could check their blood pressure if needed:

If | had other symptoms, | felt confident that | could
just find that out quite easily and quickly, and | know
alot of pharmacies and thingsthey can just do a quick
blood pressure check. [F1]

Monitoring Blood Glucose L evel

Female participants with GDM maintained regular
self-measurement and reporting of blood glucose levels during
pregnancy. The readings from a blood glucose testing device
were recorded by women (in apublic hospital) in abooklet and
discussed with clinicians on their visits. At private hospitals,
this was recorded by women on an Excel (Microsoft, Inc)
Spreadsheet and emailed to the clinics every 1 or 2 daysto be
reviewed by the hospital’s endocrine or obstetrics team.

Monitoring Mental Health

Thedifficulty in receiving mental health support during thefirst
trimester was expressed by 63% (5/8) of participants, as they
were reluctant to talk about their pregnancy at this stage. Some
of them had morning sickness and did not enjoy food or
exercise. Although a GP is the primary care provider before
their first appointment at the hospital (or obstetric clinic), most
women had not established regular GP visits in their first
trimester.

In terms of tracking mood, it appeared that 25% (2/8) of female
participants who had good support network (family and friends)
were less interested in tracking their mood, whereas most
participants expressed this need as they either felt stressed in
maintai ning their work commitments or became very emotional

during pregnancy:

Problems that probably didn’t seem like a problem
before all of a sudden seem so much worse, that sort
of gets you down a bit —that sort of feeling like you
emotional and you really want to talk about something
and — but then you wake up in the morning and you're
likel don't know what | was upset about, it's probably
that sort of feeling that I've had throughout the

pregnhancy. [F3]

Using Mobile Apps

All female participants had experience using various apps that
provided pregnancy and postnatal information or assistedinthe
tracking of fetal movements. The key function they used was
to obtain information, such as week-by-week information about
their pregnancy progress and the baby’s growth, the symptoms
tolook out for, nutrition information, and mental health support.
Apps for postnatal care were also used by 25% (2/8) of
participants to track the feeding, sleep, and growth of their
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babies. Most participants used the apps to receive information
than to enter information:

| actually don’t put much informationinto it, | use it
more just for information like sourcing, but it does
allow you to track all your appointments and put all
your symptoms in and things like that as well...But
just having to enter information every day without
kind of getting any information back |1 don’t know
that wouldn’t be so appealing. [F1]

Female Participants’ Attitude Toward mHealth

Female participants overall attitude and concerns toward
mHealth included the following:

«  They would be motivated to use mHealth if they knew that
clinicians could access their mHealth data, and they were
willing to share and discuss the data with clinicians at the
hospital or clinic visits.

«  They would prefer to use devices that featured automatic
data capture without the need for manual data entry.

« If the use of monitoring devices (eg, blood pressure and
blood glucose level) had the potential to be associated with
positive outcomes, they would have had a stronger
motivation to use them.

«  They would be less motivated to use mHealth if they had
no medical conditions or potential risks during pregnancy.

«  They were concerned that it could be a source of anxiety
if the measurements were dlightly out of the normal range,
adding to the stressthey already had during their pregnancy.

« Half of them believed that most of the apps managed data
privacy and security well, whereas the other half were
concerned about potential security issues with their data.
All of them indicated that if there is an assurance of data
security and proper use of the data (such as studies aimed
at improving pregnant women's health), they would be
morelikely to track lifestyle behaviors and health measures.

Clinician Participants Perception on mHealth

Overview

Clinician participants saw the potential of using mHealth
technologies for the monitoring of health and well-being in
pregnant women, particularly for longitudinal monitoring during
pregnancy, as complications could develop in women with or
without a risk history. They also acknowledged that it could
play an important rolein supporting the current practices of risk
assessment and care for pregnant women with different risk
levels. According to them, for pregnant women classified as
high-risk and for those who required additional education and
monitoring of their health status, mHealth can be an invaluable
tool to improve their compliance.

In this section, we have described the clinicians' views on
technology requirements and suitable conditions for mHealth
monitoring and the factors that may help introduce technology
in their practice.

Broad Requirements

Data collection from multiple sources, incorporating accurate
information to pregnant women, clinician portal to access data,
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providing features for aertness, and ease of use were among
the desired features for the clinicians.

Health Monitoring Data

Clinicians agreed that some generic health parameters, such as
blood glucose and weight, could be measured by pregnant
women at home. The dietitian participant mentioned that a
wearable continuous glucose monitoring device was provided
to patients with type 1 diabetes and this was supported by the
Australian government’s continuous glucose monitoring
initiative [43].

Theclinicians' opinions on the measurement of blood pressure
a home by pregnant women varied. Of the 13 femae
participants, 3 (23%) of them were supportive, whereas others
expressed concerns. In total, 6 participants explained that
misinterpretation and inaccurate readings can cause unnecessary
anxiety as pregnant women are not trained to measure blood
pressure correctly; individuals' reference ranges might also be
slightly different for each woman, and clinicians did not expect
low-risk women to take their blood pressure at al times. One
clinician participant commented the following:

Because they use electronic blood pressure cuffs at
home, they are not trained to use a manual one and
the electronic ones may not accurate, they can be a
bit off and then that could |ead to the woman starting
toworry and think-oh my blood pressureisso high...If
needed we might get themto go to their GP and get
it done morefrequently...or monitoring blood pressure
by visiting the pharmacy. [C8]

Lifestyle Data

Clinicians were most receptive to the use of physical activities,
diet, and sleep monitoring when considering wearable sensors
and apps for pregnant women. One clinician mentioned that
some existing blood glucose monitoring apps can collect
additional information such as self-reported insulin dose, dietary
intake, carbohydrate amounts consumed, and the time of
exercise. Another clinician pointed to the link between good
deep and clinical outcomes, such as blood glucoselevel control.
Physical activity tracking was considered particularly useful
for women with a high BMI or with diabetes:

Physical activity is helpful for women, but in terms
of usit is not something we ask normal women like
we won't say have you been walking three timesthis
week, but it isrelevant if she has diabetes where she
needsto do the physical exercise of if she hasa higher
BMI. [C8]

Questionnaire Data

Incorporating validated questionnaires (such as the Edinburgh
guestionnaire to measure the risk of mental health issues) into
an mHeath solution was suggested by some clinicians.
However, they also pointed out that the questionnaire results
would need to be analyzed in combination with other measures.
The frequency of the questionnaire should be considered on a
case-by-case basis, and guidelines were needed for clinicians
to follow up on the results, as one clinician explained:
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Wk have to have some process of being able to pick
that up and work with, say if someone reports that
they're not doing so well or they have suicidal
ideation we have to make sure we have clear
pathways of what to do with that information. [C6]

I ncorporating Accurate Information and Feedback

Clinicians saw theimportance of incorporating an app providing
tailored information and feedback to pregnant women into the
mHealth technical solution.

According to the clinicians, pregnancy isaprocess of education
and information seeking for pregnant women. Not all pregnant
women read the material provided by hospitals. Some might
not know their risks, the consequences of the risks, and the
symptomsto watch. They might seek materialsfrom theinternet
or educational content from the available apps that provide
general information. Hospitals did not provide suggestions for
the selection of apps.

Clinicians highlighted that educational content needs to be
accurate and tailored to particular conditions. Ideally, it should
provide individualized information or advice to women with
different risk factors and should integrate targeted information
as a component to encourage the women's use of mHealth
during pregnancy. One clinician said, “It's just got to be
continually meeting the needs of the different cohorts and the
health literacy of theindividual” (C7).

Access Data by Clinicians

Clinicians discussed the need for a portal or central source of
mHealth data for different clinicians to access. The ability to
review the data can better support patient-clinician
communication and improve the efficiency of face-to-face
consultations.

Alerts

Theclinicianswere supportive of an alert feature. They pointed
out that one key aim of monitoring should be to make women
respond to their data, that is, women getting flagged by an alert
that could trigger their accessto health professionals. Predictive
analysis based on the monitoring data could also potentialy
provide alertsto cliniciansto alow early detection of problems
and timely interventions.

Ease of Use

Clinicians highlighted that mHealth technology needed to be
user-friendly and with minimum effort to use for pregnant
women. They suggested that mHealth solutions incorporate
monitoring devices with the feature of automatic data capture.

Clinical Considerations for mHealth Monitoring

The conditions in pregnant women groups that can potentially
benefit from mHealth technology-assisted monitoring were
discussed by the clinicians.

Gestational Diabetes

Pregnant women diagnosed with GDM receive ongoing support
from diabetes educators, diabetes dietitians, and endocrine
specialists from the pregnancy to postnatal stages. According
to our clinician participants, women with GDM were advised
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totest their glucose level sat home 4 timesaday using aglucose
monitor, record the results, and have periodic follow-up visits
at the hospital. Existing glucose monitoring practices require
extensive effort from both female patients and clinicians.
Clinicians could benefit from easy access to data through
web-based or mobile solutions. Our clinician participants
indicated that GDM is the most common and suitable medical
condition to consider for mHealth interventions.

Hypertension

For women with hypertension, blood pressure needs to be
monitored for potential risks of preeclampsia, or to assess the
patient's response when taking medication for high blood
pressure. It isimportant to provide training to these women on
how to use blood pressure monitoring devices. Blood pressure
measures also need to be assessed in combination with
symptoms such as headache, blurred vision, and swelling as
well as pathology tests.

Obesity or High BMI

Women with a high BMI might have pre-existing diabetes or
are at a high risk for gestational diabetes. It is important for
them to maintain an appropriate lifestyle. They can benefit from
regular weight tracking and diet monitoring.

Mental Health

This includes antenatal and postnatal depression, anxiety, and
depression. mHealth hasthe potential to help track how pregnant
women feel, their mood, and when to receivetimely intervention
and counseling.

Stillbirth Prevention

Obstetrician partici pants pointed out that despite previous efforts
to improve care and monitoring, progress in reducing stillbirth
rates remains|ow. Sleep apneacan be arisk factor for stillbirth,
and obstetricianswereinterested in investigating the relationship
between sleep abnormalities and stillbirth using smart sensor
technologies.

Other

Women with previous history of preghancy problems, such as
fetal growth restriction and fetal loss, were discussed by the
clinicians.

Challenges

Although the clinicians were positive about the potential uses
of mHealth technol ogies, challenges around engaging pregnant
women, technology issues, changes in practices, and
evidence-based solutions were discussed in the interviews.

Women’s Engagement

According to clinician participants, pregnant women’'s
compliance with self-reporting (such asdiet and questionnaires)
could be achallenge, especialy for women who were busy and
if the recording process was not simple. Women might stop
using the monitoring devices if monitoring created anxiety.
Language and cultural barriers can be an issue for the
engagement of non—English-speaking groups. Although pregnant
women diagnosed as high-risk tend to be more compliant,
providing education and showing benefits can potentially
improve data collection compliance for other women:
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I would worry about the compliance that was going
to be my first feedback...their lives are so busy and
their stresslevels fluctuate a lot and they would find
it hard to commit all thetime...I think the compliancy
is as good as the education they're given, if we
explain it well and how it can benefit them and
empower them..So the biggest blockage for
technology is compliance and consistency. [C3]

Technology

Technology concernswere captured during theinterviews. These
included accuracy of wearable sensors and devices, as it was
directly linked to the reliability of the data, and the cost of a
device, as it was an issue for women with low income if the
device was expensive. Therefore, providing individualized
information was a challenge, as it would be difficult to meet
the complex needs of different women and their different
conditions.

Intelligent modeling for prediction and its accuracy can be
challenging. From amedical perspective, predicting a medical
condition is not easy, according to one obstetrician:

At this stage, in terms of finding predictors, in the
first trimester, second, early second trimester, that
would predict things like preeclampsia, things like
gestational diabetes, thingslike growth restriction or
foetal demise, even now they're still not there, they
don't exist. [C11]

An obstetrician pointed out that detection of clinica
abnormalities can be enhanced by including other clinical and
health data from electronic health record systems. However,
the integration with other record systems can be a challenge.

Change of Practices

Few self-reported measures (except for blood glucose level for
patients with diabetes and weight tracking at some hospitals)
were collected in standard practice at thetime of our study. The
midwives did not collect objective physical activity data and
diet information from low-risk women.

Reviewing the women’s monitoring data when introducing
mHealth wasraised as a concern by some clinician participants
(eg, obstetricians) asit would require extrawork in their already
busy schedules. However, other clinicians (eg, midwives)
responded that this would not be an issue for them, but it might
need a dedicated staff member to take the responsibility and
time to check the data and follow up when needed. Intelligent
decision-making with alerts for abnormal measures was
considered helpful for clinicians.

There is adso a need to improve communication between
clinicians from multiple disciplines, including GPs. Engaging
busy clinicians by showing potential outcome improvements
could motivate them to be involved:

All clinicianswant to do theright thing but only have
alimited amount of time, so | think you would engage
clinicians by showing them the data
on...literature...and (explain) that if we do this, women
arelesslikely to end up having this outcome...I think
people would be excited for that. [C2]
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Demonstration of Impact

Clinician participants supported the approach of conducting an
evidence-based trial before introducing mHealth into practice.
Most clinicians were willing to participate in an mHealth trial.
The initial steps they suggested included targeting particular
groups (eg, women in rural and remote areas) and particular
conditions and supporting women from low socioeconomic
backgrounds where the prevalence of risk factors is common,
and technology can make a difference:

So | thinkin theright conditionswith theright people
it would work. | could seethat it would certainly work
in some of the rural and remote areas...if they could
just with an App send in their information and then
someone can look at it and just ring them up and
reassure them. [C9]

Discussion

Potential Interests

mHealth technologies for health and lifestyle monitoring have
been used in the general population. Thereisagrowing interest
in introducing mHealth solutions to support the pregnancy
journey, which is the period of a woman'’s life that involves
significant physiological changes and potential risks [29,44].
In this study, we examined the interests and perceptions of
women and clinicians regarding the use of mHealth for health
and well-being monitoring during pregnancy.

Our study showed that femal e participants were open to the use
of wearables and health monitoring devicesto track health and
well-being in general, with most of them having previous
experience of using physical activity trackers and mobile apps
before and during their pregnancy. This result echoes previous
research [25,30], including astudy conducted in the Australian
context [24]. Despite low interest in monitoring lifestyle
behaviors among low-risk pregnant women with no medical
problems, al female participants felt comfortable sharing
information from wearable and monitoring devices with their
clinicians and would have felt motivated if clinicians could
review the data. In addition, women with a GDM diagnosis
were normally engaged in continuous health monitoring of
blood glucose, with data being recorded manually, and would
be supportive of an mHealth solution to make the process more
efficient.

Clinicians in our study did not use mHealth technology and
wearables or prescribe mobile apps in the current practices.
However, our findings revealed that there was an overall positive
response among these clinicians on the potential benefit of
mHealth for monitoring pregnant women’s health and well-being
and promoting healthy lifestyle behaviors during pregnancy,
similar to thefindings of other studies[24]. Despite the concern
about women’s anxiety caused by self-interpretation of the data,
clinicianswereinterested in using mHealth monitoring to assist
the current practices of risk assessment and regular checkswith
pregnant women. Our study also highlights that mHealth
monitoring is aligned with the trend of extending the context
of perinatal care to alongitudinal health and well-being care
model [26,42]. It can further serveto empower pregnant women
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to take more of an active rolein their lifestyle behaviors during
the antenatal, pregnancy, and postnatal periods.

Improving Engagement With mHealth Technology

Overview

Building a rich and multidimensional data pool is required to
identify changesin lifestyle, health indicators, and risk factors
associated with pregnancy complications. However, the
motivation and sustainability of long-term data collection in
pregnant women might be difficult [19,27,30]. We found that
different contexts (eg, health status and access to support
network) canimpact an individual’s decision to track and share
data. Our findings have shown that higher compliance can be
achieved in women who were already engaged with their care
(eg, women with higher risk) and women who embraced
technology. Women with busy work commitments were less
likely to comply with the use of mHealth solutions.

Design Considerations

Our study has shown that monitoring requirements and care
needs vary with the combination of particular conditions and
risk levels among pregnant women. As such, technology
solutions need to be tailored to the unique needs as per the
conditions and risk levels of the individual women. Different
modules with different monitoring parameters and monitoring
frequencies can be made available for clinicians to select and
assign to women based on the severity of their conditions and
risks. For women considered to be at high risk or for those with
an available diagnosis, the focus of the solution can be on using
condition-specific devices and parameters to help prevent
adverse events and provide alerts to both pregnant women and
their clinicians. For low-risk women, to reduce their unnecessary
burden and anxiety, the focus of the solution should be to help
them establish healthy lifestyle behaviors and watch their
symptoms without the daily collection of medical data.

Irrespective of therisk levels, our research suggests that women
will benefit from a mobile app that not only interfaces with
monitoring devices but also provides guidance on healthy
lifestyle and behavior changes. Other studies have shown that
mHealth interventions often require support from other
modalities, such as educationa content [45,46]. Our study has
revealed further details about the women's tendency to seek
trustworthy toolsthat deliver answersto weekly pregnancy and
baby growth information, concerns in early pregnancy stage,
information support services, and personalized information,
such as nutrition, fitness, and weight. Pregnant women require
clinicaly accurate and actionable information and feedback.
Simple, engaging, tailored, and risk-appropriate information
and text messaging delivered according to their stage of
pregnancy can be useful in maintaining pregnant women's
interests and satisfaction. Similarly, motivation tools such as
medals and rewards in apps can provide them with
encouragement for achievements, such as targeted physical
exercises or healthier gestational weight gain.

I mplementation Considerations

Our study suggests some strategies on how to work best with
less motivated pregnant women. First, one possible solution to
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help overcome this challenge would be to introduce the
technology to women during the first trimester, which is a
difficult stage when mental health support and self-guided
information seeking are needed. This would allow them ample
timeto get comfortable with the technology and overcome some
level of anxiety, thus motivating them for continued use in the
later stage. Second, clinicians recommendations and indications
of potential positive outcomesin women can helpimprovetheir
acceptance. Thismay contribute to lesser anxiety and stressand
higher motivation and reassurance for the women if they know
that clinicians are involved. Finally, providing education and
training to women in using technology is aso important to
reduce unnecessary stress and anxiety associated with mHealth

during pregnancy.
Introducing mHealth Technology in Practices

Overview

Given the complexity of pregnancy care, there are challenges
in introducing mHealth monitoring in care practices. Detecting
clinical abnormalities and analysis based on high volume and
heterogeneous data generated from mHealth devices can be
challenging. This requires the skills necessary to accurately
analyzethe datafor sound clinical decision-making. Participants
of this study were also concerned about the extra workload for
cliniciansin data monitoring.

Design Considerations

Female participants and clinician participants of thisstudy were
supportive of having an mHealth system with an aerting
function that could not only notify the clinicians of changesin
awoman's condition but &l so enable the women to be aware of
problems and to be proactive in seeking professional service.
Research in advancing data mining techniques and personalized
algorithms has made intelligent detection and risk awareness
possible.

However, according to our interviewed clinicians, accurately
predicting the likelihood of a pregnancy risk and change in a
condition is difficult in pregnancy care. It might require a
multidisciplinary approach that considers pregnancy risk factors,
symptoms, laboratory findings, and even data about the baby.

Health monitoring using physiological and activity measures
from wearable sensors has been growing recently, but the
integration of these technologies into practices, particularly
pregnancy care, has been limited due to concerns about patient
privacy, uncertainty about the reliability of the technologies,
and usability, asreported in other studies[29,30,33,38]. In this
study, thewomen’sviewson privacy varied. Somewomen were
not worried about it, whereas others were cautious about
providing their data because of concerns regarding the
maintenance of confidentiality for the captured data. Uncertainty
inthereliability of these emerging wearableswas al so expressed
by the clinician participants. Ease of use and automatic data
capture were among the women’s and clinicians' requirements
for the devices. Technology development in truly wearable,
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miniaturized, and nonintrusive technol ogies can lower the barrier
of usability and allow passive and longitudinal data collection.

I mplementation Considerations

In this study, the clinician participants anticipated that some
medical conditions such as GDM, hypertension, and mental
health could benefit from the use of mHealth monitoring.
However, evidence on the effectiveness of mHealth monitoring
in pregnancy is limited and needs further investigation before
supporting its future use. They suggested that some medical
conditions (eg, GDM) and groups (women in rural and remote
areas) would be suitablefor thefeasibility trials of mHealthand
for further investigations before implementation. Longitudinal
studies are needed to eval uate the efficacy of mHealth solutions
for monitoring during pregnancy, especialy in high-risk
pregnancies as well as acceptability among pregnant women
and clinicians to promote the uptake of mHealth technology.

Limitations

Dueto the constraintsin the hospital ethics application process
for studies involving pregnant patients in hospitals, we were
not able to recruit femal e participants from the hospital during
the study period. All female participants were recruited through
community advertisements and word of mouth. As such, the
number of female participants was limited, particularly those
in the first trimester of their pregnancy. Additionally, the
clinician participants were recruited from a public hospital,
although the obstetricians also worked at private hospitals. To
enrich the current findings, further studies could gain insights
from more clinicians working in private hospitals and the GPs.
Finally, in this study, we only captured limited socioeconomic
information from female participants. We found that the
participants touched upon (only dlightly) the challenges for
women with low income or women with diverse cultural and
linguistic backgrounds during the interviews. Future research
on the impact of pregnant women’s socioeconomic status and
cultural background might be needed to better understand the
technology generalizability and digital equity in mHealth for
pregnancy care.

Conclusions

We have explored the aspects of current risk assessment
practices, users’ motivations, and concerns as well as clinical
and technical factorsthat need to be considered when designing
and introducing mHealth monitoring solutions for pregnant
care. Adeguate high-quality data collected through longitudinal
monitoring is required for the intelligent detection of risks. We
discussed technology solutions and implementation strategies
toimprove pregnant women’s engagement with technology and
data collection, which are critical for mHealth solutions to
facilitate the tracking of health and behavior changes during
pregnancy. Future research will include feasibility studies to
inform the development of mHeath technology and
evidence-based eval uation studies to understand the efficacy of
mHealth solutions in supporting pregnancy care.
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Abstract

Background: Fetal alcohol spectrum disorders (FASD) are prevalent neurodevelopmental conditions. Significant barriers
prevent family access to FASD-informed care. To improve accessibility, a scalable mobile health intervention for caregivers of
children with FASD is under development. The app, called Families Moving Forward (FMF) Connect, is derived from the FMF
Program, aparenting intervention tailored for FASD. FMF Connect has 5 components: Learning Modules, Family Forum, Library,
Notebook, and Dashboard.

Objective: Thisstudy assesses the feasibility of FMF Connect intervention prototypes. Thisincludes examining app usage data
and evaluating user experience to guide further refinements.

Methods: Two rounds of beta-testing were conducted as part of a systematic approach to the development and evaluation of
FMF Connect: (1) an iOS prototype was tested with 20 caregivers of children (aged 3-17 years) with FASD and 17 providers for
thefirst round (April-May 2019) and (2) iOS and Android prototypes were tested with 25 caregiversand 1 provider for the second
round (November-December 2019). After each 6-week trial, focusgroups or individual interviewswere completed. Usage analytics
and thematic analysis were used to address feasibility objectives.

Results. Across betatest trials, 84% (38/45) of caregivers and 94% (17/18) of providers installed the FMF Connect app.
Technological issues were tracked in real time with updates to address problems and expand app functionalities. On use days,
caregivers averaged 20 minutes using the app; most of the time was spent watching videos in Learning Modules. Caregiver
engagement with the Learning Modules varied across 5 usage pattern tiers. Overall, 67% (30/45) of caregivers posted at least
oncein the Family Forum. I nterviews were completed by 26 caregivers and 16 providers. App evaluations generally did not differ
according to usage pattern tier or demographic characteristics. Globally, app userswere very positive, with 2.5 times more positive-
than negative-coded segments across participants. Positive evaluations emphasized the benefits of accessible information and
practical utility of the app. Informational and video content were described as especially valuable to caregivers. A number of
affective and social benefits of the app wereidentified, aligning well with the caregivers’ stated motivators for app use. Negative
evaluations of user experience generally emphasized technical and navigational aspects. Refinements were made on the basis of
feedback during the first beta test, which were positively received during the second round. Participants offered many valuable
recommendations for continuing app refinement, which is useful in improving user experience.
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Conclusions:
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The results demonstrate that the FMF Connect intervention is acceptable and feasible for caregivers raising

children with FASD. They will guide subsequent app refinement before large-scale randomized testing. This study used a
systematic, user-centered design approach for app development and evaluation. The approach used here may illustrate a model
that can broadly inform the devel opment of maobile health and digital parenting interventions.

(JMIR Form Res 2021;5(12):€29687) doi:10.2196/29687
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Introduction

Background

Fetal alcohol spectrum disorders (FASD) are a range of
conditions associated with prenatal acohol exposure (PAE) [1].
PAE can affect the development of the brain and other organ
systems, resulting in neurodevel opmental impairment and high
rates of physical and mental health problems [2,3]. FASD are
highly prevalent, occurring in an estimated 1%-5% of the US
population [4]. Unfortunately, FASD are markedly
underrecognized, and most individuals do not receive an
accurate diagnosis[4,5]. Families often only know anindividual
was exposed to PAE and is showing learning or behavior
concerns. Many barriers to care exist because of the pervasive
lack of knowledge about FASD across service systems and in
the broader community [6,7].

People with FASD have important strengths, including social
motivation, resilience, and individual passionsand talents[8,9].
They strive to be included and contribute meaningfully to their
communities. Caregivers (ie, biological, foster, adoptive, and
relatives) are dedicated to supporting their children with FASD
or PAE and undertake numerous protective actions to reduce
system barriers and help their own children and families adapt
to challenges [10-12]. However, responding to FASD remains
a very stressful experience, often fraught with difficulties
accessing the resources and information needed. A growing
number of evidence-based interventions have been studied in
preschool and school-aged children with FASD [13,14]. It is
unfortunate that none of these are, as yet, widely available in
community settings. Thus, innovative and scalable solutions
are required.

A Systematic, User-Centered Design Approach to App
Development and Evaluation: The Exampleof Families
Moving Forward Connect Programmatic Research

To address significant barriersto care affecting this population,
we developed a mobile health (mHealth) intervention called
Families Moving Forward (FMF) Connect. mHealth, or the
application of smartphones or wirelesstechnologiesto improve
health, has bourgeoned since the emergence of app stores in

2008 [15]. mHealth has many potential advantages, including
increasing health care capacity, providing patient access to
tailored and immediate support, reducing stigma in obtaining
care, and improving cost-effectiveness [16]. FMF Connect is
the first known mHealth app devel oped and tested for FASD.

The task of developing and evaluating the FMF Connect
mHealth intervention isbeing carried out following asystematic,
user-centered design approach to app development and
evaluation (Figure 1). Unfortunately, deployment of this type
of systematic approach has been relatively rare for mHealth
interventions[17-19]. Thismethodol ogy integrates user-centered
design principles, which emphasize understanding users, tasks,
and environments, with the process of obtaining iterative and
collaborative input from users[20-22]. There are seven phases
to this approach, as operationalized in Figure 1. Of course, the
processis more complex than that illustrated in Figure 1. There
are certainly feedback loops between phases that indicate
iterative change. This study describesthe model, which involves
amultidisciplinary development team and engagement of key
stakeholders through focus groups and beta-testing. We also
includethe presentation of datafrom thefifth phase of the model
to reveal specifically how user data from beta-testing can
strategically refine and enhance app design. We note that this
generalized approach can be used in the broader field of mHealth
development.

In the first phase of this approach, the self-directed FMF
Connect app was carefully derived from the empirically
supported, therapist-led FMF Program developed by Heather
Carmichael Olson, PhD and colleagues at the Seattle Children’s
Research Institute and the University of Washington [23-25].
The standard FMF Program integrates clinical techniques of
positive behavior support, cognitive behavioral techniques, and
motivational interviewing to improve primary outcomes of
parenting efficacy, cognitive appraisa of the child and
parent—child relationship, improving relevant knowledge,
meeting family needs, and child behavior. On the basis of this
theoretical framework, the FMF content, principles, and methods
were successfully adapted to the mHealth format, with the
addition of unique content and features [26].

Figure 1. Phases of a systematic, user-centered design approach to mobile health intervention development and evaluation.
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In the second phase, most standard FMF Program content was
preserved, but the flow of content delivery was adapted to be
more amenable to self-direction by caregivers. There were
additional adaptations from atechnological perspective. In the
third phase, FMF Connect was implemented by leveraging
functionalities offered by modern mobile devices and by now
ubiquitous access to the internet and Cloud services, aswell as
considering evolving technological possibilitiesand the different
waysinwhich usersinteract with them. In the fourth phase, the
initial interface design and functionalities were further refined
through stakeholder input with caregiversin focus groups across
5 UScities[26].

Thisstudy focuses on the fifth phase of our user-centered design
approach for systematic development and evaluation. This phase
involves beta-testing of initial app prototypes followed by
qualitative analysis of key informant interviews and datadrawn
from usage analyticsto assess the feasibility of theintervention
and guide further app refinements.

In this systematic model, the sixth phase involves pilot testing
the intervention and trial procedures to establish the best
methods for understanding the app in terms of the intervention
process and outcomes. This stage is critical for optimizing the

Petrenko et a

intervention and study methods for a larger-scale randomized
controlled trial (RCT). The seventh phase involves a rigorous
evaluation of app outcomes (and intervention process) through
an RCT. Future studies will discuss findings from these phases
of programmatic FMF Connect research.

FMF Connect: A Novel mHealth I ntervention

The FMF Connect app consistsof 5 primary components (Figure
2), which have been previously described in depth [26]. Briefly,
the Learning Modules make up the core intervention and
comprise 12 modul es acrossthree levels of educational content
and skill development important in parenting children with
FASD and behavioral concerns. In addition to brief educational
text, the Learning Modulesinclude exercisesfor activelearning,
and videos of real families demonstrating ideas and sharing
their experiences. The Library contains additional videos
augmenting those in the Learning Modules and fact sheets
providing psychoeducation on important additional topics, such
as mental health diagnoses, medication, trauma, advocacy, and
resources. The Family Forum is a peer-moderated discussion
forum where users can connect with others, share joys and
challenges, and seek support or advice. Finally, the Notebook
allows users to save content and exercises they wish to revisit
later, and the Dashboard shows the user’s progress.

Figure2. The5 primary components of the Families Moving Forward Connect mobile health intervention for caregivers of children with fetal acohol

spectrum disorders.
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In our systematic approach, the first four phases resulted in the
development of FMF Connect app prototypes. In this study we
report findings from the critical fifth phase, in which we
conducted two rounds of beta-testing of the FMF Connect app
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prototypes to test feasibility; specificaly, the feasibility and
acceptability of the app intervention [27]. Each round of
beta-testing involved 6-week trias, followed by key informant
interviews and examination of app usage analytics. We engaged
key stakeholders, including caregivers of children with FASD
and medical, menta health, and other providers, to elicit their
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experiences and perspectives on the FMF Connect intervention.
The feasibility trial was guided by the following objectives,
informed by the Eldridge et al [27] conceptual framework:

1. Examine app usage data and crash reports to identify the
required technological and functional refinements of the
FMF Connect app.

2. Conduct focus group and individua interviews with
participants to evaluate the user experience of the FMF
Connect app to guide further app refinements.

The study results highlight important directionsfor the ongoing
refinement of the FMF Connect app. By operationalizing a
systematic model of app development and evaluation in this
project, the findings also have broader implicationsfor mHealth
applications. Overall, this project offers generalizable ideas
about methods for enhancing the acceptability and rigor of
mHealth applications, avital consideration asthefield of digital
health rapidly expands.

Methods

Study Design

This study was designed to assess the feasibility of initial
prototypes of the FMF Connect intervention from both
technological and user experience perspectivesto guide further
development of the app. This study involved two rounds of
beta-testing, which allowed the examination of iterative
feedback. The first round of beta-testing (BT1) was conducted

https://formative.jmir.org/2021/12/e29687
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from April to May 2019 and included the iOS prototype. The
second round (BT2) was conducted from November to
December 2019 and an updated iOS prototype and a new
Android prototype with the same content and features were
tested. Each betatest |asted approximately 6 weeksand included
caregivers of children with FASD and providers working with
this population.

To address the study objectives, this study used a concurrent
quasi-mixed-methods design with equal priority given to both
method types [28]. In other words, both quantitative and
qualitative analytical methods were used. However, these
methods were used to answer different aspects of the research
question (ie, the feasibility of FMF Connect intervention
prototypes). Therefore, deliberateintegration of findings during
the interpretation of results was not warranted [29]. After each
6-week trial, focus group and individual interviews were used
to dicit participants perspectives about the app (qualitative
data). Usage data and crash reports were a so collected within
the app and used to assess the functionality of the app
(quantitative data). All study procedures were approved by the
university’sinstitutional review board before initiation.

Participants

A total of 63 participants (45/63, 71% caregivers,; 18/63, 29%
providers) were enrolled as described below by participant type.
Table 1 describes the demographic information. Participants
resided in 18 US states.
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Table 1. Participant characteristics (N=63).
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Characteristics

Caregiver (n=45)

Provider (n=18)

Gender, n (%)

Female 42 (93.3) 17 (94.4)
Age (years)
Mean (SD) 50.41 (11.33) 45.28 (11.60)
Range 31-73 28-70
Aver age age of children with FASD? (n=64)
Mean (SD) 9.70 (3.58) N/AP
Range 4-17 N/A
Caregiver ethnicity, n (%)
Hispanic or Latinx 3(6.7) 2(111)
Caregiver race, n (%)
African American or Black 4(8.9) 0(0.0)
Asian 0(0.0) 1(5.6)
White 40 (88.9) 17 (94.4)
Native American or Alaska native 2449 0(0.0)
Native Hawaiian or Pacific islander 0(0.0) 1(5.6)
Education level, n (%)
High-school diplomaor GED® 2(44) 0(0.0)
Some college, trade school, or Associate's degree 13(28.9) 0(0.0)
Bachelor’s degree 12 (26.7) 2(111)
Master’s degree or higher 13(28.9) 6(33.3)
Doctora or professiona degree 5(11.1) 10 (55.6)
Relation to child,? n (%)
Biological parent 1(2.2) N/A
Adoptive parent 32(71.1) N/A
Foster parent 1(2.2) N/A
Grandparent 9(20.0) N/A
Other relative 249 N/A
Family income (US $), n (%)
15,000-24,999 2(4.9) N/A
25,000-34,999 3(6.7) N/A
35,000-49,999 4(8.9) N/A
50,00074,999 7(15.6) N/A
75,000-99,999 4(8.9) N/A
100,000-149,999 12 (26.7) N/A
150,000 or more 9(20.0) N/A
Prefer not to answer 4(8.9) N/A
Community type, n (%)
Rural 7 (15.6) N/A
Suburban 33(73.3) N/A
Urban 5(11.1) N/A
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Characteristics

Caregiver (n=45)

Provider (n=18)

Experience with standard FMF€ Program, n (%)f

Round of beta-testing, n (%)
Betatest 1
Betatest 2

Operating system, n (%)
i0S
Android

Comfort with technology?
Mean (SD)

Range

7(15.6)

21 (46.7)
24 (53.3)

36 (80.0)
8(17.9)

5.73 (1.32)
1-7

9 (50.0)

17 (94.4)
1(5.6)

17 (94.4)
1(5.6)

5.83 (0.92)
47

3Some caregivers had more than one child with fetal alcohol spectrum disorders.

ONJ/A: not applicable.
®GED: General Educationa Development.

9A total of threebiol ogical parents participated in the study. Two participantswerebiological parents but were noted in other categories (eg, grandparent,

who was a'so abiological parent).
€FMF: Families Moving Forward.

fFor caregivers, experience with FMF denotes completing the FMF Program, and for providers denotes training and delivering the FMF Program.
9Comfort with technology was measured using a Likert scale ranging from 1 (Iow) to 7 (high).

Caregivers

Caregivers, including biological, foster, adoptive, and relative
caregivers (Table 1), were recruited through multiple
mechanisms. Information about the study was shared with
providers affiliated with the Collaborative Initiative on FASD
and with moderators of national and regional FASD listservs
and support groups, to be widely distributed to interested
families. We also contacted eligible familiesin our university’s
FASD research registry. Caregivers reported learning about the
study from the following sources. provider referral (n=16),
FASD research registry (n=3), national and regional FASD
listservs (n=9), online support groups (n=5), and nonspecified
(n=12). Caregivers were eligible for this study if they had a
child with FASD or PAE between the age of 3 and 17 yearsand
lived in the United States. Although FMF Connect is designed
for caregivers of children aged 3-12 years, caregivers of
adolescents (aged 13-17 years) were also included (n=9). These
caregiverswere ableto reflect on their experiencesin parenting
their children across the full age range targeted by the app and
evaluate the app in this context. A subsample of caregivers
(n=7) who had previously completed the standard FM F Program
was specifically recruited for this study. These caregivers could
offer important insights on what it is like to learn this content
in a self-directed manner through FMF Connect versus their
prior lived experience of participating in the in-person,
therapist-led standard FMF Program.

Providers

Although providers serving children with FASD and their
families (eg, medical and mental health providers, occupational
therapists, and advocates or educators) are not intended to be
direct consumers of the FMF Connect intervention, there were
several important reasons to solicit their feedback. First, many
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serve a diverse range of families and could offer insights to
augment those provided by caregivers enrolled in the study. In
addition, providers are likely to be a primary future referral
sourcefor the FMF Connect app. Gaining their perspective early
in devel opment may facilitate app acceptability so that providers
will morelikely shareit with familiesonceit iswidely available.
In this study, providers working with children with FASD were
purposefully sampled through known provider networks relevant
to this population. Providers were eligible for this study if they
served children with FASD and their families and worked in
one of these professions: medical provider (5/18, 28%), mental
health providers (8/18, 44%), occupational therapists (2/18,
11%), and FASD advocates or specia educators (3/18, 17%).
A subsample of providers with experience delivering the
standard FMF Program (9/18, 50%) was specifically targeted
for this study.

Procedures

Interested participants were sent the study consent form and
demographic questionnaire. Informed consent was then
completed with the study coordinator over Zoom (Health
Insurance Portability and Accountability Act—compliant) or via
phone. Participants returned the signed consent and demographic
form before receiving the app prototype and installation
instructions.

During the 6-week beta tests, participants could use the app at
their discretion. As part of the intervention, the participants
received weekly emails. These highlighted specific app features
and content and provided information on technical assistance
access. The Family Forum was moderated by 2 experienced
caregivers who had previously completed the standard FMF
Program and were supervised weekly by the first author. The
study team monitored use and metrics throughout each trial.
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Bugsand crashesweretracked, and updates were sent to address
problems or expand functionalities.

Following each 6-week trial, participantswere asked to compl ete
individual or focus group interviewswith amember of the study
team. In BT1, focus groups were organized by participant type
and usage pattern (eg, number of modules completed, relative
time spent in the app). Interviews were offered to participants
when focus group participation was not possible because of
schedule conflicts or comfort levels. For logistical reasons,
planned individual interviews were conducted with al BT2
participants. Data collection was completed via Zoom for all
but one BT2 caregiver participant, who preferred an in-person
interview to better accommodate hearing loss. The questioning
route (details provided in Multimedia Appendix 1, Table S1)
was similar across both beta tests. However, two topics were
added to BT2 to assess participants perspectives on new
features. Topics included Global Impressions & Experiences;
Usage/Engagement; Technology; Utility; and Experience with
Individual Components (eg, Learning Modules and Family
Forum). After introducing the Global Impressions &
Experiencestopic, interviewerswere given flexibility regarding
the order in which they covered subsequent topics. This was
done to facilitate conversational flow and follow the
participant’s lead during the discussion.

Data Analysis

Audio and video recordings of individual and focus group
interviews were transcribed by the research staff. Observations
of nonverbals (eg, tone, affect, referencing app on phone) were
integrated within each transcript. All transcripts were checked
for accuracy and completeness. The data were then imported
into Atlasti for coding and analysis. Four research team
members conducted primary analyses. one of the principal
investigators, a graduate student, and 2 research staff. All
members of the analysisteam were involved in data collection.

A thematic analysis [30,31] was undertaken to understand
participants’ experiences using the app from both technol ogical
and content standpoints. Coding methods were selected apriori
to inform further app refinements for subsequent larger-scale
trials. These include structural, evaluation, and value coding
[31,32]. Structural coding was used to delineate when
participants discussed different app components (eg, Learning
Modules and Family Forum). Evaluation coding was selected
to identify participants’ positive or negative judgments about
the FMF Connect app and recommendations for further
improvements. Value coding was used to identify caregiver
values, attitudes, and beliefsrelated to the experiences of raising
a child with FASD and using the FMF Connect app. For
provider data, value coding was only used when providers spoke
about their perceptions of the values, attitudes, and beliefs of
caregivers.

Systematic thematic coding of transcripts was completed
between May and December 2020. Four parent interviewsfrom
BT1 were randomly selected and independently coded line by
line by all 4 coders to establish the study codebook. Weekly
meetings were held to establish consensus and operationalize
first-level codes. Theremaining BT1 caregiver interviewswere
then distributed across coders, taking care not to assign
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transcripts to the team members who had conducted the
interviews. Weekly coding meetings were held to address any
coder questions or suggestions for new codes.

Following completion of BT1 parent interviews, the team
engaged in code mapping to organize and consolidate first-level
codes into preliminary second-level pattern codes to facilitate
subsequent coding [31,32]. BT1 provider coding and BT2
coding followed the same process. The preliminary second-level
pattern codes represented the data well across BT1 providers
and all participantsin BT2. No new second-level pattern codes
were added across these participants, suggesting adequate data
saturation and consistency across trials.

Participant matrices [31] were used to examine variance in
second-level pattern codes across participants and several key
demographic features (eg, prior participation in FMF, BT1 vs
BT2). Participant demographic variables were imported into
Atlas.ti, and code co-occurrence tables were examined to assist
with this process. Team members iteratively consolidated and
interpreted the connections among the data through analytic
memo writing to derive the final analytic model.

App usage metrics were examined for caregivers. Usage data
were extracted from the cloud services used for the app.
Descriptive statistics were calculated for several indices (eg,
number of modules completed, number of posts in the Family
Forum, and total time spent in the app). Learning Module
completion patterns were examined using graphical methods.

Results

Objective 1: Examine App Usage Data Metricsto
Identify Any Needed Functional Refinementsto FMF
Connect

Overview

Table 1 provides the breakdown of participants and the type of
operating system across the beta tests. A total of 84% (38/45)
of parents (BT1=16/20; BT2=22/25) and 94% (17/18) of
providers (94%; BT1=16/17; BT2 1/1) installed the FMF
Connect app. In BT1, 4 updates of theiOS app were distributed;
in addition to bug fixes and performance improvements, updates
included the ability to seeif there were new postsin the Family
Forum since the last user’s login, the addition of the Profile
Graph Tool, and improvements in the screen unlocking
experience and avatar customization. In BT2, 3 updates of the
iOS app and 2 updates of the Android app were distributed for
bug fixes and performance improvements.

On use days, caregivers averaged approximately 20 minutes
(mean 19.63, SD 19.59 minutes) using the app. The largest
amount of time was spent watching videos in the Learning
Modules (45% on average). In the Family Forum, there were
54 original postsin BT1 and 45 postsin BT2. A total of 67%
(30/45) of users posted at least once in the forum.

Not unexpectedly, patterns of use varied considerably among
caregivers. The standard FMF Program is similar in total time
spent on other parent training programs. The FMF Program
typicaly involves 6 to 9 months of therapist-delivered content
in a collaborative therapeutic relationship with caregivers
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(sessions every other week). Therefore, we did not necessarily
expect users to complete all 12 modules in the initial 6-week
test. Usage data differed according to the operating system and
will be discussed separately.

iOS Usage

Figure 3 shows the number of L earning M odules completed by
iOS users by betatest. A total of 31% (10/32) of iOS userswho
installed the app completed at least through module 6 (an
average of 1 module per week). We also examined the time

Petrenko et al

spent on each activity within the modules. Bar graphs for each
modul e were created with minutes spent in sections by the user
(not shown). Through visual inspection, 5 usage tiers were
characterized based on time devoted to activity completion and
conceptual organization of modules, ranging fromtier 1=higher
robust use to tier 5=installed but no module use (Table 2
provides descriptions and number of users per tier). Figure 4
shows this classification graphically. Graphs were also created
for Learning Module total time per day to illustrate usage
patterns by tier (Figure 5).

Figure 3. The number of Learning Modules completed by caregivers using Families Moving Forward Connect on iOS phones by beta test. The first
round of beta-testing (BT1) had 4 caregivers who did not install the app and 1 who installed but had no module completion. The second round of
beta-testing (BT2) had 2 caregivers who did not install the app and 2 who installed but had no module completion.
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Table 2. Learning module usage tiers for iOS users who installed the Families Moving Forward Connect app.?

Tier Description i0S users (n=32), n (%)

1 Higher robust use: 6 (19)

o  Completed at least up through module 9 (level 3) or finished all modules
«  Generally adequate time to complete activities

2 Moderate use: 4(13)

«  Completed at least up through module 6 (level 2) with adequate time to complete core activities
« May have had some variable usage (eg, skipping through activities) in some sections or modules after 6

3 Good level 1 use, but drop off: 8(25)
«  Demonstrated adequate time to complete activities in modules 1-3 or 1-4 (level 1)

4 Minimal or low use: 11(34)

e Only completed up through modules 1 or 2, or
« Inadequate time to review information or complete activities (skipped through screens)

5 Installed but no module use 3(9)

9 i0S users did not install the app; 4 werein first round of beta-testing, and 2 were in the second round of beta-testing.

Figure4. Tier classifications of usage for iOS users of the Families Moving Forward Connect mobile health intervention.
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Figure5. Total time spent in Learning Modules by day of use for iOS users grouped by usage tier.
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Tier 1 users tended to distribute their use of the app across
regular sessions of 15-30 minutes or severa very lengthy
sessions of 60-120 minutes toward the beginning of the trial;
total app use time was between 4 and 8 hours for these users.
Tiers 2 and 3 userstended to use the app more sporadically and
for a shorter period than thosein tier 1. A few usersalso had a
spike of high use toward the end of the trial, which likely
coincided with scheduling a study interview. Many tier 4 users
logged in just once or twice. The 2 tier 4 users with a higher
percentage module completion quickly skipped through most
screens.

iOS usage tier membership was also examined by participant
characteristics through visual inspection and statistics
(chi-sguare and analysis of variance). Usage tier did not differ

by caregiver age (F5=1.41; P=.26), level of education (x°=6.15;
P=.73), previous receipt of standard FMF (x%=2.77, P=.43),
target child age (F;=2.46; P=.09), or income level (x218:23.17,

P=.18). Tiers varied according to comfort with technology
(F5=9.07, P<.001). Participants who rated themselveslower on

comfort with technology were surprisingly morelikely to bein
tier 1.
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Android Usage

Given the small size of the development team, the Android
prototype wasimplemented on aschedule deliberately set behind
the iOS prototype, and not al functionalities were available at
the time of beta-testing. Nevertheless, the app was distributed
to Android usersfor theinitial testing of the technology. Usage
patterns for Android users in BT2 differed from those of iOS
usersacrosstests, likely because of technical problemswith the
Android prototype. Incomplete data appear to have been
recorded in cloud services for Android users. This may have
occurred because of synchronization issues after users completed
modules offline. The data recorded show that 3 of the 6 users
completed at least some (but likely al) of each of the first 4
modules. The other 3 users only have data recorded for some
of module 3. Toward the end of BT2, afew users reported that
they could not unlock modulesin level 2 of the app. Itispossible
that these users would have proceeded further in using the app
if they had not encountered this technical barrier.
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Objective 2: Using Qualitative M ethods, Evaluate the
User Experience of FMF Connect to Guide Further
App Refinements

Overview

We attempted to interview all study participants regardless of
whether they installed the app or their usage pattern. Focus
group and interview data were available for 26 parents (BT1:
3 in focus groups, 7 interviews, BT2: 16 interviews) and 16
providers (BT1l: 6 in focus groups; 9 interviews, BT2: 1
interview). Of the 19 caregivers not interviewed, nearly all had
littletonoappuse(lintier 2; 8intier 4; 3installed but no use;
7 did not install). Themes did not generally differ betweeniOS
and Android users, with the exception of ease of use and
technological problems noted bel ow.

General comments on the app were the most frequent (166 coded
segments). Following this, the Learning Modules (151 coded
segments) and Videos (106 coded segments) garnered the most
discussion across participants, with often lengthy, detail-rich
segments. The Family Forum (94 coded segments) and Library
(59 coded segments) received a modest amount of discussion,
with the Notebook (32 coded segments), Dashboard (32 coded
segments), and Logo/lcon (11 coded segments) eliciting limited
discussion of short duration.

Findings From Values Coding

Although not explicitly queried in the questioning route,
caregivers often spoke of their attitudes, beliefs, and values.
These provide an important context for understanding their
evaluation of the FMF Connect intervention. Themes did not
vary by round of beta-testing, Learning Module usage tier,
smartphone operating system, caregiver type (adoptive vs
relative vs biological), child age (child vs teen), or previous
standard FMF Program experience.

FASD are often described as complex and confusing. For
example, one caregiver (FG028) shared the following:

I remember the early days and thinking, “ What on
God's green Earth, you know, is wrong with this
child? What isgoing on?” ... umm, “ You could do this
yesterday, what do you mean you don’t know where
your shoes are? (\oice raises) How do you put your
shoes on the wrong feet 90 percent of the time? How
does that happen (laughs)?” ...the behavior is just
baffling in the beginning.
The complexity of FASD isfurther complicated by the fact that
many children with FASD have experienced trauma and have
other comorbid conditions, as illustrated by a caregiver of
teenagers (FGO079):

That was our struggle with our kids when they were
little. Is it because of their alcohol exposure? Is it
because of thetrauma? I sit because of who they are?
Isit a mental health thing? And, you know, everyone
has their own opinion when you take them to
therapists and doctors.

Participants emphasized that FASD information and resources
are oftenlacking, which isassociated with feglings of frustration,
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grief, and being overwhelmed. For example, one provider
(FG059) stated asfollows:

So many parents are desperate for answers, they're
desperate for information. ... There's a lack of
resources and lack of evidence-based intervention in
most communities.

A caregiver (FG043) al so emphasized difficult emotionsarising
from inadequate supports:

Thereis great remorse and guilt... | had a child with
FASD because no physician took the time to get me
into treatment when it was very obviousthat | needed
treatment.

Parents further described FASD as isolating. For example, a
caregiver (FG049) described the following:

| don't have the opportunity to talk to other
parents...umm...ever (laughs) who have children with
FASDs, umm, so that isvery isolating. ... Because we
(raises volume) can't even find a doctor who knows
what they're talking about, let (normal volume) alone,
umm, another grown-up going through it.

Caregivers spoke to their desire to do anything to help their
children be as successful and independent as possible. Given
thelimited number of knowledgeable and skilled professionals,
this often resultsin the need to educate others about FASD. For
example, a caregiver (FG065) explained as follows:

Wk, as parents, you' re always educating other people.

And so teachers and parents,...some doctors...anybody

working with your kid, you know, occupational

therapist, speech therapist, therapist...(emphasis) A

lot of people do not understand.
Asaresult, caregiversraising children with FASD highly value
accessto information about FASD, people who understand their
experiences, and the ability to connect and share resourceswith
others. Participants expressed the belief that mHealth
interventions, such as FMF Connect, are needed to help address
barriers. For example, a caregiver (FG071) stated as follows:

We don’t have anything to really go to, so | thinkit's
really great to have the educational piece but also to
have the forum, to kind of link people together
because you do feel really isolated.

Many related these barriers to strong emotions, such as
frustration. One caregiver (FG084) described the following:

A lot of people go on here to learn things. But, to be
honest, (strong emphasis) | think most people go on
the apps and go on the groups just to be with other
people who are going through it...nobody in my life
understands (frustrated tone)... And if | post in there,
it would be mostly just to exhale to other people who
get it, you know? And for somebody else to come on
there and say, “| get it” You know? (slow, normal
volume) It's just sometimes, that's all you need for
the day. Is for somebody to say, “ | get it”

Because caregivers raising children with FASD are often
overwhelmed, participants articulated the need to use their
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limited time wisely and valued choice and autonomy in
self-directed learning. A provider (FG040) stated as follows:

You know, people are busy and they just-they want
to know how much time these are going to
take...knowing how much time you generally might
need to spend with something. .. just might keep people
engaged.

A caregiver (FG051) emphasized the value of choice:

I think the more people can make choices in what
they're doing, the more the buy in and (laughs) you
know, the more likely they're gonna do it and, and
be happy about doing it.

Evaluative Coding: Positives

Across participants, there were 2.5 times as many positively
evaluated coded segments as negatively evaluated segments.
Thevast mgjority of themeswere consistent across demographic
and usage tier variables. The few differences are discussed in
the relevant sections.

Global Impressions

Global impressions of the app (eg, “I loveit!” “It'swonderful
and “1 enjoyed it.") were nearly al positive (93 global positive
vs 1 global negative segment). Participants appreciated the
accessibility of the app and how they could fit it within their
everyday lives. For example, a caregiver (FG015) said:

This makes it easy for me, it's right there at my
fingertips.
A provider (FG032) aso highlighted the benefits of FMF
Connect as a smartphone app:

The majority of my families do not have a home
computer this year. The majority of them do
everything off of their cell phone so that’s their only
access to the internet.

Most of the iOS users across both beta tests also commented
that they found the app easy to use. In contrast, most Android
usersdid not mention thistheme, likely because of technol ogical
problemsin the Android prototype. The participants also made
positive comments about the app’s appearance.

Learning Modulesand Libraries

Positive evaluations of the informational content provided by
the app had the most coded segments across al codes (139
segments). In fact, every parent made at least one positive
comment regarding the informational content of the app.
Participants appreciated how the FMF Connect app made this
information more accessible to them. For example, a caregiver
(FG056) explained:

It's hard to find good information on FASD, and |
thought that it was kind of cool that it was on my
phone, all together, in one spot.

Several participants spoke about the quality of information. For
example, a caregiver (FG065) stated:

| thought it was all very relevant and research based
which | appreciate (laughs) very much.
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Informational content also overlapped with parents’ values of
understanding their children. Several parents provided specific
examples of how app content helped them better understand
their children’s behavior and respond differently. Participants
were especially enthusiastic about the ability to share
information from the app, particularly with teachers (relating
to the themes of needing to educate others and value of sharing
resources). For example, a caregiver (FG079) described as
follows:

| printed out something to take to her meeting that |

have next week for the teachers. ... | think that was
that was the big thing that | was excited to find this
stuff to give to them.

Participants also spoke positively about aspects of the videos,
including diverse representation of families, range of child ages
and degree of problems, and specific ideas and strategiesto try.
Caregivers especially appreciated that the videos featured real
families, asillustrated by a caregiver (FG056):

| was like, really excited when | first started and |
was watching the videos and | was like “ Oh my
gosh!” You don't get to see how other FASD kidslive
and how they are, so it wasreally cool to seelikereal
families and real kids. Like, that was my personal
favorite part of the whole thing.

Positive comments about the videos a so often co-occurred with
themes of parents feeling less isolated and validated in their
experiences as parents. For example, acaregiver (FG052) shared
the following:

[The videos] kept me grounded and mindful, umm,
that, first I'm not in this alone. And other people are
experiencing the same thing, and here are some things
that they found that worked.

The exercises within the Learning Modules received positive
evaluations by some users. Some participants commented on
how the various exercises and games also helped them reflect
on learning content and apply information to their children.

Similar to feedback revealed in prior studies of FMF Connect
[26], the step-by-step progression of access to content in the
Learning Modules and Library received mixed evaluation.
Discussion of thistheme was often intertwined with participants
previous knowledge and experience with FASD and thoughts
about whom the app is best suited. Every provider, especialy
those trained in the standard FMF Program, spoke to the need
for and positive aspects of the step-by-step progression of these
components. Most caregivers also spoke of the advantages of
step-by-step progression. A caregiver (FG050) stated:

| liked how the progression went. | thought it was
easier to beableto focusand break it down and think
about that particular section at atime.

Severa parents emphasized how this progression made learning
less overwhelming. Although less enthusiastic about the
step-by-step progression for themselves, more experienced
parents felt this would be very beneficial for parents of newly
diagnosed children and thought the app was most well suited
for this group. For example, a caregiver (FG028) stated as
follows:
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I’ve been in thetrenchesfor many years (laughs). It's
nothing is new to me. And | know-like, | guess | kept
thinking as| wasusing it, thiswould be super hel pful
for someone who was in my shoes 8 years ago.

Participants al so spoke to the benefits of the FM F Connect app
as a refresher. They described how parents could go back at
any time and review content and apply it to new challenges.
For example, one caregiver (FG061) stated as follows:

I have thoroughly enjoyed all of the little activities
we had to do that reinforced everything... Being able
to go back to see it over and over again. To get it
going in your little brain “ Ok, | can, | can do this”

Family Forum

Participants were positive about the inclusion of the Family
Forum and articulated its potential to reduce isolation and help
parents connect with others who have shared experience.
Evaluations of the Family Forum often overlapped with parents
values of connection and people who understand. For example,
acaregiver (FG025) explained as follows:

| thought it was useful that people could ask questions,
like the real issues that we deal with. And get some
kind of advice and some kind of help because | find
that we deal with things that most people aren’t
dealing with all the time.

Participants particularly liked that the Family Forum was
moderated and that there was a special section wheretheir posts
were saved for later reference.

Dashboard and Notebook

The Dashboard and Notebook received fairly limited discussions
and were primarily associated with nonspecific positive
impressions. However, during beta-testing, these components
had relatively limited functionality. In BT2, a Tip of the Day
feature was added through a push notification that subsequently
appeared on the Dashboard for that day. Enthusiasm was high
for thisfeature, and nearly every participant in BT2 provided a
positive evaluation. For example, acaregiver (FG042) explained
asfollows:

The constant tips - | mean it’s like having a social
worker right in your home with you all thetime ... It
doesn’'t matter if you' re having a good day or a tough
day, having that positive reframing and, it, it'slike a
breath of fresh air, it’s like, ok, slow down, you know
this, and here’sareminder, yes, ok, (laughs) you have
to let go of that and you have to do what the tip says.

Participants also described how the Tip of the Day was useful
in reminding them to use the app.

Motivators and Facilitators of App Use

Participants identified app content and the ability to connect
with others as primary motivators of wanting to use the app.
One caregiver (FG072) described this as follows:

That's a big motivator, too, is just wanting to have
one more tool. | have the books. I'm watching the
YouTube videos. I'm doing everything that | can do.
But | have my phone with me all the time.
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Another caregiver (FG068) shared as follows:

| think for a lot of parents the motivation [to use the
app] would be just, you know getting help...And
connect with others....Cause it's hard when other
people don’t understand.

Parents described using the app most often at night once their
children were in bed or during moments of downtime. For
example, one caregiver (FG050) used the app:

Whenever | had free time. Usually, before the kids
woke up, or after they went to bed. So it was just,
whenever | had time, | would do it for a couple
minutes here, a couple minutes there.

The parentswho progressed the furthest in the Learning Modules
(ie, tier 1) described strategically planning ahead for manageable
segments of time to work through the app. One caregiver
(FG061) described this asfollows:

I’d spend at least thirty minutes every day, if not an
hour, if | had the time, I’d make sure | had the time,
but not everybody has my schedule.

Evaluative Coding: Negatives

Overview

Negative eval uations comprised 28.36% (312/1100) of thetotal
number of evaluation segments coded, so the study methods
were successful in eliciting these. These negative evaluations
largely emphasized technol ogical issues, constructive feedback
relative to navigating the app, and barriers to use. The only
negative global impression segment across all participants was
from an Android user (FG066) who experienced difficulties
loading the videos and was disappointed by the level of activity
in the forum:

Um, (laughter) to be honest | wasn't very fond of [ the
app]... Um, granted there were very few people on
as testers, but... | didn't see a whole lot of
conversations going on. Um, its, the videos
themselves, half the time they didn’t work for me.

Technological Problems

Some users experienced technological problems using the app.
These were the most significant for iOS tier 4 and Android
users. BT1 included all iOS users. In BT1, some participants
experienced confusion or difficulty with TestFHight (aniOS app
that allows beta-testing before release in the App Store). For
these users, difficulty with TestFlight impacted the initial
installation or updating the app. Several updates were released
early in BT1 because of some crashing and videos not loading
consistently. In addition, severa participants reported some
difficulties in saving their progress in the Learning Modules;
after refinements, this was not an issue reported in BT2.

Android users (who were only part of BT2) described more
significant technological problems that resulted in barriers to
using the app. These issues included app freezing, some
inaccessible links, and problems loading videos or unlocking
later content. For example, one caregiver (FG066) described
thisasfollows:
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In this app, it was just stuck, | couldn’t get out of it,
and | couldn’t do anything unless| completely closed
it down.

A provider (FG036) reported problems with video loading:
| could not get thefirst video to play. Umm, and that
was something that had happened throughout, like
me trying to watch the videos is they just keep
buffering and buffering.

Navigation: Family Forum

On the basis of previous feedback regarding the design of the
FMF Connect app [26], the Family Forum wasinitially laid out

Petrenko et al

to allow gradual access to subforumstied to Learning Module
completion to support privacy and shared knowledge. However,
participants in BT1 did not find the Family Forum interface to
be very intuitive (Figure 6A). A caregiver (FG050) explained
asfollows:

| found that there’ stoo many boxes. There’ stoo many
sections and to go check on each one and to see what
people wrote and see what their comments are as
opposed to Facebook's way, like everything is there.

Figure 6. Families Moving Forward Connect interface design changes for the Family Forum during (A) round 1 of beta-testing (BT1) to (B) round 2

of beta-testing (BT2).

Family Forum

Posts | am
Following

Joys,
Positives and
Successes

On the basis of this feedback, the Family Forum interface was
redesigned for BT2. Subsequently, there were fewer negative
evaluationsrel ated to navigating the Family Forum (Figure 6B).
In BT2, negative evaluations mainly centered on parents not
noticing or understanding the tags or categories at the top of
the screen.

Participants a so noted that the overall use of the Family Forum
was lower than expected, and conversations tended to stagnate
because of insufficient notifications. For example, a caregiver
in BT1 (FGO51) commented as follows:

I went in and | introduced myself, and | was excited
about the forums and connecting with other people
but then, | think having so many different forums and
not really getting notifications of when people were
posting, umm, that made mejust keep forgetting about
them.

Navigation: Learning Modulesand Library

As mentioned previously, the step-by-step progression of the
Learning Modules received a mixed evaluation. Reactions to
move through the content in order varied by usage tier and
previous experience with FASD. Some experienced users, with
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robust tier 1 use, identified that content was redundant for them.
However, none of these experienced users described their
experience as tedious or found that step-by-step progression
was a barrier. These themes were only present for lower-use
tiers 2 to 4. Negative evaluations related to step-by-step
progression occurred more often for participants with a greater
degree of previous knowledge and experience with FASD. One
caregiver (FG066) expressed this sentiment as follows:

I’mjust simply not going to sit through you know, 5,
10 hours whatever it is of information and watch it
and everything when | already know it just to get to
something | don’'t know. There are better ways for
meto doit.

Similarly, about the Library, a caregiver (FG069) explained as
follows:

Maybe it's because | already came in with a fair
amount of knowledge, but I...wasn't a big fan of
different things opening up as | went. | would have
preferred to have jumped in and seen everything
immediately.
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Participantsin BT1 found the number of videos and screens per
module to be overwhelming and a barrier to completion. For
example, one caregiver (FG051) explained as follows:

I’d learn about something and then there would be
people sharing their experiences, which isgreat. But
after the first two or three | was like ok, | get it, and
then there were like 12! (laughs)... It took moretime
than | maybe had at the moment, and | wanted to kind
of get past the videos and work on whatever was next.

Given this feedback, refinements were made for BT2, which
included atable of contentsfor each modulewith fewer screens
per section. A smaller number of videos were customized for
users on the basis of user-imputed data (eg, child age and
behavior problems), and the remaining videos were stored in
the Library for further viewing. These changes were very
positively evaluated by the BT2 participants.

Barriers

Identified barriers to app use generally corresponded to the
negative evaluations discussed above. Time and attentional
resourceswere al so described asbarriers. One caregiver (FG062)
explained as follows:

Basically | have free time for like 10-15 minutes at
night when I’ m putting the youngest kids to bed. And
of that, | have very few minutes where | can actually
listen.

Another caregiver (FG071) also commented as follows:
| think for me it was too much work at that time of
the day... A big issue for me is knowing my energy

level at that time of the day and knowing what | had
to do.
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Providers offered additional insights into potentia barriers on
the basis of their experiences working with families raising
children with FASD. Several providers mentioned factors, such
asage, literacy level, English asasecond language, and comfort
with technology as potential barriers for some families they
work with. For example, a provider (FG047) stated:

| have other [patients] that are great-grandmas and
grandmas who barely have a computer and have a
cell phone mostly to accept phone calls, and make
phonecallsand “ | don’'t know about these apps honey
| don’t want to deal with that” And then of course a
big barrier here ...iswe have a big Spanish speaking
component.

Another potential barrier raised by providerswas parentsfedling
intimidated or lacking confidence in implementing strategies
demonstrated by parentsin the videos. For example, a provider
(FG032) described asfollows:

As I'm watching the videos, | know some of the
parents I'm working with would be petrified to just
watch [ child’s name]’s mom because they're like, “ |
could never do that. | have six children. How is this
going to work?”

Evaluative Coding: Recommendations

The participants offered a number of useful recommendations
to improve navigation and enhance engagement with the app
(Table 3). Some of these recommendationsweredirectly related
to aspects that were negatively evaluated. As mentioned above,
these led to refinements to the app in between trials, and
additional changes are underway.
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Table 3. Recommendations offered by participants for further refinement of the Families Moving Forward Connect mobile health intervention.

Category

Recommendations

General app-wide functions

Engagement features

Navigation—making things easier to find or use

Broader access

Learning Modulesand Library

Navigation/organization

Content

Family Forum

New features under devel opment

More robust notification system
Coaching

Changes to weekly emails

Tip of the day

Search function

Overlays and tutorials

Navigation shortcuts

Multiple platforms (ie, phone, computer, tablet)

Spanish language, closed captioning

Functionsto alow consideration of multiple children with FASD?within
the app

Ability to share the app and other materials with others

Companion apps for teachers, children/teens, and others

Table of contents for each module, with fewer screens per section

Open access to all content from the start

Consolidate or offer selected number of videos

Fewer clicks to start videos

Live links to other web sites

Having content available on (1) app screens so easier to read and (2) PDF
for easy sharing

More real-life videos and practical strategies

Research summaries

Information specific to birth parents and waysto deal with guilt, grief, shame,
and stigma

Additional ideas for self-care

Tipsfor advocacy and navigating systems

Strategies for facilitating social interactions/friendships

Video examples of clinicians working with parents

Different forum interface

Open access to subforums

Discussion starters

Regional or state subforums; Provider directories
Ability to direct message other users

Behavior tracker
Coaching
Daily ratings

3FASD: fetal alcohol spectrum disorders.

Additional recommendationswere closely related to the values
expressed by the participants. For example, caregivers
emphasized the importance of using their limited time wisely
and having choice and autonomy over their self-directed
learning. As a result, they recommended open access to all
content in the app from the start and tools to make it easier to
refresh their learning when they needed it. For example, a
caregiver (FG057) stated as follows:

| understand the whole idea with the yellow brick
road, | think that's great, but | think for me, | would
like things that | could just tap on that road, to kind
go back and forth in some other groups and videos
and stuff, and kinda jump around a little bit more...the
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app wasjust leading down a oneroad, whichisgreat,
but sometimes | like to take the detour.

Another caregiver (FG055) spoke to the benefit of repetition
and refreshing her learning:

| think it would take a lot of repetition... for me to
benefit the most from all the exercises. So, | think it
would be nice ... to do the same exercises over and
over and over and over and over again. Especially
when the behavior has just happened, and | want to
go back and | want to do that exercise for that
behavior.

Caregivers a so value resources to help them better understand
their children. Most caregivers liked the idea of a behavior
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tracker to help them monitor and notice patterns in complex
behavior problems.

A number of recommendations related to acluster of attitudes,
beliefs, and values; specifically, caregivers need to understand
their child, educate others about FASD, and connect with people
who understand. For example, the recommendation for state or
regional subforumsin the Family Forum would help caregivers
rely on others in their area to identify and share available
resources and connect locally. One caregiver (FG049) stated as
follows:

I have been in the hunt of my life trying to find my
daughter just somebody to take her to that has even
a basic understanding of her diagnosis. So, if | had
like, likejust a place where | could go and know like,
“ These are the people from my state” Like, “ Where
do you take your child?”

Some participants al so liked theidea of having acoach or expert
associated with the app who could hel p them understand FASD,
connect them with needed resources, and provide feedback and
discussion relevant to their child. They recommended additional
content and toolsthat would makeit easier to shareinformation
from the app with teachers, providers, and other peopleworking
with their children. Some participants went further and
recommended separate apps or components specifically for use
with their children or with teachers. For example, one caregiver
(FG056) said as follows:

| really liked the material. My daughter’s teacher
would benefit from- it would be cool to like, have her
accessit also.

Another caregiver (FG069) also noted as follows:

You knowwhat I'd really liketo seeis, isthisprogram
targeted at medical providers!

On the basis of their experience with other apps, caregivers
highlighted some additional facilitators that might help them
engage more with the app. The most frequent suggestion was
a more robust notification system. One caregiver (FGO15)
described this as follows:

With so much...going on, with the stress level and all
this stuff happening, sometimes you get easily, so
overwhelmed you don’t get a chance. If it’snot at my
fingertips or not right there, then it’s out of sight, out
of mind, you know.

Similarly, a caregiver (FG042) stated as follows:

| find it helpful when | get a little prompt in my text
or in my email, just to remind me that, you know, the
app is here and you can, you can just click from that
email or that text and jump into the app.

Participants thought it would be best if the user could customize
the type and frequency of natifications to their preferences.

Several biological parents emphasized the importance of the
representation and education of their experience in reducing
stigma. For example, one caregiver (FG084) explained as
follows:
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You don't see too many statistics that talk about
successful parenting... by biological [parents], you
know what | mean? ...And so, | tried to...| tried to be
the best mom | can and | try to show people.

Another caregiver (FG043) described the following:

Birth parents understand why people are angry and
they just want to prevent the next birth mother from
drinking. But | think [education about why people
continue to drink] would make them fee more
welcome because we all understand that the general
public doesn’t get alcohol use disorders. ... Having
that education, you know, education is the key.

One caregiver (FG084) emphasized the importance of the
moderator in creating a welcoming space:

When | did my introduction, | was a little worried.
Umm, the moderators were the only ones who
welcomed me and that's okay. | knew that was
probably going to happen... | did post a couple of
times... But nobody made me feel unwelcomed... and
that is more important.

A caregiver (FG066) also made severa specific
recommendations for integrating additional support for
biological parents:

Granted everybody’sin [ the Forum] together. Maybe
therewould be an area that (pause) birth momscould
go do, specific. That, not necessarily saying they're
any different from the other moms, because
everybody’'s a mom whether by choice or by birth,
but more so, because birth moms often have the shame
and the guilt associated that need to be worked
through ...If you touched on it in the Learning
Modules that would be great because a lot of women
we find have a lot of guilt.

Providers also offered recommendationsto increase accessibility
for abroader range of diversefamilies, such asclosed captioning
and speech-to-text. Several providers also recommended
Spani sh-language features, given the large mono- and bilingual
Spanish-speaking population they serve. Finally, both parents
and providers mentioned that families often have multiple
children with FASD and wanted features within the app to better
accommaodate this.

Discussion

Principal Findings

Thisstudy presentscritical stakeholder feedback and usage data
from two rounds of beta-testing of prototypes of the FMF
Connect mHesalth intervention for caregivers of children with
FASD. Thisfifth phase in the systematic user-centered design
approach to the devel opment and eval uation process of the app
(Figure 1) yielded important insights on the acceptability and
usage patterns of FM F Connect. Thefindings haveimplications
not only for subsequent app refinements specific to FMF
Connect but also for broader mHealth and digital parenting and
developmental disability-related interventions.
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Two primary research objectives were examined to evaluate
thefeasibility of the FM F Connect intervention during this phase
of our systematic approach.

Objective 1. Examine App Use Data Metricsto | dentify
Any Needed Functional Refinementsto FMF Connect

First, we considered how well the app worked for diverse users
from a technological standpoint. iOS users in both rounds of
testing generally described the app as easy to use. Usage patterns
were variable, but surprisingly, had few associations with
demographic factors or how participants evaluated the app.
Users in the “higher more robust use’ tier 1 were more likely
to strategically set aside time to engage with the app. Technical
issues were more significant for usersin lower usage iOStiers.
Recognizing technical issues during beta-testing, we released
multiple updates in each trial to fix bugs and improve
performance.

It should be noted that BT2 aso included a new Android
prototype that was designed in alignment with the iOS prototype.
Despite apha testing within the devel opment group on several
devices and simulators, Android users experienced greater
technological difficulties. These included issues with loading
the videos, unexpected crashes and issues when accessing some
of the Learning Modules, and synchronization issues between
the Android app and Cloud storage. Relative to iOS, it is
possible that the more limited regulation and decreased
consistency among Android devices and supported versions of
the operating system contributed to these technological barriers.
Consistent with the objective of beta-testing, we expected to
identify technological issuesin the context of real-world user
implementation. This is a valuable part of the process of
user-centered design and informs needed functional refinements.

Usage data also highlight the need to carefully consider design
features for engagement and operationalize these features for
the FMF Connect app. Thetier classification of usage patterns
in this study showed evidence of nonusage attrition, with 44%
(14/32) of i0S users who installed the app with minimal or no
use (tiers4 or 5). Although thisiswithin the range of premature
dropout rates observed for in-person parenting interventionsin
community settings [33], much work is required to improve
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accessibility and engagement. Research has called for ascience
of attrition [34], arguing that understanding dropout and nonuse
in mHealth interventions is essential to optimize interventions
for targeted populations. In line with this, we examined
participant characteristics acrosstiers and found that those with
higher comfort with technology were more likely to have low
or no use. It is possible that these participants had other supports
in place or had already discovered the information on the web.
This highlights the likelihood that the FMF Connect app is of
particular importance for underserved populations and could
help address social disparities.

More general data on usage patterns in mHealth and digital
interventions highlight the critical need to carefully consider
design features for engagement. On average, approximately
25% of apps are only used once after download [35], and only
29% of app userswere still using an app 90 days after download
[36]. Overdl, these statistics suggest that engagement in
self-directed mHeath and digital interventions can be
challenging. Thisis especially true for parents, given the many
demands on their time. Participantsin this study noted barriers,
such as lack of time and feeling exhausted and overwhelmed,
which will arise for any parenting intervention. However, this
may particularly betruefor interventionstargeting parentswho
arefaced with the challenge of raising children with disabilities.
A portion of the users in this study were able to strategically
prioritize timeto engage with the app on aregular basis. Clearly,
additional features and supports are required to facilitate and
maintain engagement for other users.

In acogent review, Wei et al [37] identified seven themes that
improve user engagement with mHealth applications. Asshown
in Table 4, the participantsin this study independently identified
and positively evaluated aspects of the FMF Connect app that
correspond to each of the 7 engagement themes. Especially
strong were features supporting the themes of interface esthetics,
message presentation, and credibility. The findings reveal that
many existing design features thought to enhance engagement
were already built into the FMF Connect app. However, useful
recommendations for further refinement relating to the four
themes of navigation, personalization, reinforcement, and
communication were suggested by participants.
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Table4. Comparison of design features of the Families Moving Forward (FMF) Connect mobile health intervention with thematic checklist of features

to improve user engagement.

Design feature themes that improve engage-
ment Wei et al [37]

Existing featuresin FMF Connect beta tests

Recommended features for future
development

Interface esthetics .

Pleasing color scheme

a

«  Positive evaluation of graphics

Navigation « Easytouse(iOS) «  Tutoridoverlays
*  Tableof contents (BT2?) «  Direct search feature
«  Navigation shortcuts
Personalization «  Selected videos (BT2) Open access to content
«  Profilegraph Multiple children

«  Exercises—provision of goal setting and feedback

Personalize notifications
Behavior tracker tool

Font sizes and colors to highlight information

Reinforcement o Messages of congratulations « Notifications

o Weekly emails . Badges

o Tipof theday (BT2)
Communication o  Family Forum «  Coaching

«  Stateor regiona forums

Message presentation «  Simplelanguage «  Closed captioning

« Positive and nonstigmatizing tone e Spanish language

o Videos

« Pictures

Credibility .

Checks for understanding in games/quizzes

Evidence-based information from credible source —

«  Encrypted and password-protected

@None provided by participants.
BB T2: second round of beta-testing.

Objective 2: Using Qualitative Methods, Evaluate the
User Experience of FMF Connect to Guide Further App
Refinements

Next, we considered how users evaluated the FMF Connect
intervention and what could be improved to enhance user
experience before larger-scale testing. Despite differences in
technological problems and usage metrics, iOS and Android
users had remarkably similar evaluations of the app. Globally,
users were very positive about the app, with 2.5 times more
positive- than negative-coded segments across participants.
Positive eval uations emphasi zed the need for and practical utility
of the app, which often related to significant barriersto carein
this population. Theinformational and video content of the app
was described as particularly valuable to caregivers. The
Learning Modules and videos yielded the most detailed
discussion, and every caregiver made at least one positive
evauation of the content within the app, much of which was
originally derived from the standard FMF Program.

Participants also spoke about the affective and social benefits
of the app. They described that raising a child with FASD isa
very confusing, frustrating, and isolating experience, which is
consistent with previous literature [11,38,39]. Many positive
evaluation themes were associated with caregivers' expressed
values of understanding their child and working to support their
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children’s success. Participants al so valued watching videos of
real familiesand connecting with othersin the app, which made
them feel validated and less isolated. Caregivers stated
motivators for using the FMF Connect app consistently related
to informational content and connecting with others, which
aligns well with their values and beliefs.

Negative eval uations of the user experiencelargely emphasized
the technical and navigational aspects of the app. On the basis
of feedback from BT1 users, we redesigned the Family Forum
interface and added organizational features (eg, table of
contents) and tailored video presentation in the Learning
Modules to improve navigation. These refinements were
positively evaluated by most BT2 users. Consistent with our
previous findings during the initial design process [26], the
theme of step-by-step progression of learning content received
mixed evaluations. All providers and most parents provided at
least one positive evaluation of the step-by-step progression of
content. Importantly, however, some users (especially more
experienced caregiversin usagetiers 2-4) found this progression
redundant or tedious. They preferred greater autonomy in
self-directed learning, which characterizesthe app. Step-by-step
progression was identified as a barrier to the use of some
caregivers. A recommendation for open access to content
occurred frequently in relation to this theme. Time and
attentional resources were common barriers to app use, as
described by caregivers. Providers also offered insight into
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additional barriersthat could impact caregiver use of the FMF
Connect on the basis of their experiences serving diverse
families, including literacy level, English as a second language,
caregiver age, and comfort with technology.

Participants offered a large number of valuable
recommendations for further app refinement to continue to
improve the user experience. As described above, severa of
these were implemented in the period between BT1 and BT2
and were then favorably evaluated. Additional refinements,
such asabehavior tracking tool, changesto weekly emails, and
open access to content, have already been implemented and are
being tested in alarger feasibility trial. Subsequent refinements,
such as a more robust notification system, coaching
infrastructure, search tools, overlays, integration of accessibility
tools, and optimization of content for viewing and sharing are
in progress.

Relevance of Study Findingsfor Other Digital or
mHealth Parenting I nterventions

Only one other published study has systematically developed
and elicited stakeholder feedback on a digital parenting
intervention for FASD [40]. In an initial usability study of the
Strongest Families intervention, which involved 11 web-based
modules and weekly telephone calls, 8 caregivers and 10
providers provided feedback on the intervention across two
cycles. Similar to FMF Connect, participantsrated the Strongest
Familieswebsite as appealing and relatively easy to use. Severa
usability issues were identified, including navigation, amount
of content per page, and tailoring of content; these were
subsequently refined with generally positive feedback. Together,
both studies document the acceptability and feasibility of digital
and mHealth interventions for caregivers raising children with
FASD. RCTsareunderway (Strongest Families; [41]) or planned
later thisyear (FMF Connect). This systematic approach (Figure
1) may serve as arelevant model for the development of other
digital and mHealth interventions.

This study demonstrates the benefits of considering the context
of parenting values, beliefs, and attitudes when analyzing user
evaluations of the FMF Connect app. Indeed, considering the
relevant values, beliefs, and attitudes of caregivers will be
informative when developing interventions for other clinical
populations. Many values expressed by caregiversin this study
have been reported by other parents of children with
developmental disabilities [42-44]. Themes of needing to
educate others and valuing peopl e who understand are common
inthe developmental disabilitiesliterature [42]. Current findings
emphasize how much parents value access to information,
especially because they report that many professionals cannot
support them. Research suggests that accessto information and
services is very important for the well-being of parents of
children with disabilities, with peers often being the preferred
source of information [43,44]. One study found that parents of
children with developmental disabilitiesfelt judged and isolated,
and often needed to educate others and seek out their own
information. These experiences are major stressors for parents
[45]. Although these parenting val ues are reflected in the broader
disabilities literature, they may be especialy the case in the
field of FASD. Research has clearly shown that many
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professional s lack knowledge and training on FASD [7,46,47].
FASD can also carry stigma, which can lead to increased
feelings of judgment and isolation [48,49].

With these points in mind, it is surprising that few digital
interventions exist for parents of children with disabilities. Some
preliminary evidence showsthat website-delivered interventions
are effective for parents of children with autism [50], but a
significant need for evidence-based, accessible interventions
remains. The accessibility of mHealth and digital interventions
isresponsive to some barriersto care and to the lived experience
of parents raising children with disabilities [51]. Motivators of
accessing information and connecting with other parents who
understand, identified in this study, are likely to generalize to
other populations, especialy for those with low community
awareness and limited access to care. The current findings
demonstrate that choice and autonomy are also highly valued
for self-directed learning, which is an important consideration
for intervention design.

Strengthsand Limitations

This study represents the first initial test of a mHedth
intervention for caregivers raising children with FASD, a part
of a systematic approach to app development and evaluation.
This study had many strengths, and effortswere madeto reduce
the impact of the limitations of this study. The findings
emphasize the acceptability and feasibility of the FMF Connect
app for caregivers and offer important directions for further
refinement. Thisintervention has clear potential for larger-scale
dissemination, with vital public health implications for this
underserved population—and, perhaps, especialy for some
subgroups within this population facing greater social disparities.
The methodological approach is aso rigorous, involving
iterative feedback from key stakeholders to ensure relevance
and usability, which isan important step in user-centered design
and development [20,52].

Study findings are limited by the perspectives of participants
sampled. As is true in many studies, all participants were
volunteers, contributing to the possibility of selection bias. The
current sample sizeisrelatively largefor beta-testing feasibility
studies and is considered sufficient for the primary objectives
of this study. However, it is possible that val uable perspectives
may have been missed. Although the consistency of themeswas
very high across both caregivers and providers, some
demographics of this diverse clinical population are less well
represented. For example, only 7% of the parents and 6% of the
providers were men. Overrepresentation of women iscommon
in studies involving primary caregivers [53,54]. The sample
represented primarily adoptive parents, athough the perspectives
of relative caregivers and biological mothers are represented.
Racial and ethnic diversity is also somewhat lower than in the
general population, and all participants were English-speaking
(although some may have had fluency in other languages). The
study was also limited to participants who were able to afford
smartphones, WiFi, or data plans. Participant income spanned
all queried levels but was till skewed above average relative
to national statistics. It is notable that the inclusion of provider
perspectives provided additional insightsinto potential barriers
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and recommendations for families that may not have been
represented in the sample.

Although our nonusage attrition rate was generally within the
range seen in community and digital interventions, it may have
contributed to biasin the study findings. Participants were less
likely to complete focus group or individual interviews if they
did not install the app or had low use. Therefore, the study of
attrition factorswas necessarily limited. I nterviewees may have
displayed a positive response bias. A number of participants
expressed desperation for information and resources on FASD;
therefore, fewer negative eval uations of the app may have been
offered because of the lack of aternative treatments. The
research team was also involved in developing the app, which
could have impacted participant feedback. To reduce positive
response bias, the research team actively tried to elicit negative
and constructive feedback about the app and emphasized the
benefits of hearing negative evaluations during this stage of
development when refinements could more easily be made.
Although significantly fewer than positive evaluations (n=788
segments), arobust number of negative evaluationswere elicited
(n=312 segments). However, it remains a possibility that users
experienced difficulty expressing negative feedback in
interviews, and this should be considered a limitation of the
current work.

Petrenko et al

Conclusions and Future Directions

This study demonstrates that a scalable digital health
intervention can successfully be derived from an empirically
supported therapist-led intervention tailored for familiesraising
children with FASD, adding unique and important additional
features. The FMF Connect app is acceptable and feasible as
self-administered learning for caregivers raising children with
FASD. In addition, the FMF Connect app alignswith important
reported caregiver values and builds on our previous work
evaluating theinitial design and functionalities of the app [26].
The sixth phase in our systematic evaluation of the FMF
Connect app (Figure 1) is to conduct a larger pilot trial with
pre-post quantitative data collection, whichis currently ongoing.
The results of this pilot trial will provide direction for further
refinements to the FMF Connect intervention, measurement
tools, and study design methods before the advent of a
large-scale RCT. Surprisingly, many mHealth and digital health
interventions have been disseminated without clear empirical
validation. In our systematic development and evaluation plan,
a carefully designed RCT is an important seventh and final
phase. This systematic approach is squarely aimed at producing
the FMF Connect app as a robust mHealth intervention
responsive to the needs of a clinical population that deserves
high-quality FASD-informed care.
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Abstract

Background: The rising incidence of chronic diseases is a growing concern, especially in Singapore, which is one of the
high-income countries with the highest preval ence of diabetes. Interventionsthat promote healthy lifestyle behavior changes have
been proven to be effective in reducing the progression of prediabetesto diabetes, but their in-person delivery may not be feasible
on alarge scale. Novel technol ogies such as conversational agentsare apotential alternative for delivering behavioral interventions
that promote healthy lifestyle behavior changes to the public.

Objective: Theaim of this study isto assess the feasibility and acceptability of using a conversational agent promoting healthy
lifestyle behavior changesin the general population in Singapore.

Methods: We performed a web-based, single-arm feasibility study. The participants were recruited through Facebook over 4
weeks. The Facebook Messenger conversational agent was used to deliver the intervention. The conversations focused on diet,
exercise, sleep, and stress and aimed to promote healthy lifestyle behavior changes and improve the participants' knowledge of
diabetes. Messages were sent to the participants four times aweek (oncefor each of the 4 topics of focus) for 4 weeks. We assessed
the feasibility of recruitment, defined as at least 75% (150/200) of our target sample of 200 participants in 4 weeks, as well as
retention, defined as 33% (66/200) of the recruited sample completing the study. We also assessed the participants satisfaction
with, and usability of, the conversational agent. In addition, we performed baseline and foll ow-up assessments of quality of life,
diabetes knowledge and risk perception, diet, exercise, sleep, and stress.

Results. We recruited 37.5% (75/200) of the target sample sizein 1 month. Of the 75 eligible participants, 60 (80%) provided
digital informed consent and completed baseline assessments. Of these 60 participants, 56 (93%) followed the study through till
completion. Retention was high at 93% (56/60), a ong with engagement, denoted by 50% (30/60) of the participants communicating
with the conversational agent at each interaction. Acceptability, usability, and satisfaction were generally high. Preliminary
efficacy of the intervention showed no definitive improvements in health-related behavior.

Conclusions: The delivery of a conversational agent for healthy lifestyle behavior change through Facebook Messenger was
feasible and acceptable. We were unable to recruit our planned sample solely using the free options in Facebook. However,
participant retention and conversational agent engagement rates were high. Our findings provide important insightsto inform the
design of afuture randomized controlled trial.

(IMIR Form Res 2021;5(12):€27956) doi:10.2196/27956
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Introduction

Background

In recent years, there has been anotableincreasein theincidence
of chronic disease, especially among the younger population
[1]. These chronic diseases include obesity and type 2 diabetes
[1]. In terms of diabetes prevalence, Singapore, with 600,000
adults living with diabetes, ranks second among high-income
countries, and obesity levelsare also ontherise[2]. In addition,
34% of the men and 39% of the women in Singapore do not
reach the weekly target of 150 minutes of moderate-intensity
activity per week, leaving people at higher risk of developing
diseases such as diabetes [3]. People with diabetes live shorter
lives—by at least 10 years—and have a lower quality of life
(QoL) than those without diabetes[4,5]. Prediabetes, aprecursor
to diabetes, affected 15.5% of the Singaporean adults in 2010
(ie, 1in7), and thisfigureis estimated to increase to 24.9% by
2035 [6]. Prediabetes increases the risk of heart disease, and if
untreated, over time, most people with prediabetestransition to
diabetes [7]. Research has shown that lifestyle interventions
(such asincreasing physical activity and eating a healthy diet)
delivered by trained health care professionals can help to
promote healthy weight loss[8-10]. In addition, lifestyle change
through high-risk and population-based approaches were also
directly associated with a reduction in the incidence of type 2
diabetes, accentuating the efficacy of healthy lifestyle behavior
change for diabetes prevention [8].

Achieving healthy lifestyle behavior changes independently
can be challenging, and support from experts such as dietitians
or exercise physiologists has been shown to be more effective
[8]. However, access to experts at a population level may not
be feasible or affordable. A potentially more accessible
alternative to in-person support and supervision could be novel
digita hedlth interventions such as conversational agents.
Conversational agents, or chatbots, are computer programs
designed to mimic human-to-human conversations in the form
of either text messaging or verbal discourse[11]. The heightened
accessibility, personalization, and efficiency that conversational
agents offer highlight the potential for conversational agentsto
improve patient care [11-13]. Conversationa agents enable
2-way communication, and their text- or speech-based method
of communication makes them suitable for a variety of target
populations, ranging from young children to older people. The
application of conversational agents in health care is gaining
traction in a number of medical fields, including health care
service provision, chronic disease management, and patient
education [14]. They can be delivered through a variety of
means. messaging apps, individual apps, or even standalone
devices[14].

Singaporeisatechnologically savvy country, and citizensavidly
use messaging apps. In addition, Singapore's ministry of health
has proposed the increasing use of conversational agents in
health carein tackling issues such asthe rising chronic disease

https://formative.jmir.org/2021/12/€27956

burden and the aging population [15] that can lead to more
primary care appointments. The ministry envisionsanear future
where aconversational agent can collect apatient’s history from
them before their consultation, streamlining the primary care
visit and thus cutting down waiting times. This makes Singapore
an ideal place for the evaluation of novel mobile health
interventions such as conversational agents. Moreover, health
programs delivered over the internet have shown success, as
exemplified by web-based interventions for smoking [16],
alcohol intake [17], sexual health [18], cancer screening [19],
physical activity [20], and diet modifications[21]. The ubiquity
of the internet makes these programs easily accessible to a
diverse group.

Objective

The evidence for the use of conversational agents for healthy
lifestyle behavior change from trials is limited. The feasibility
and acceptability of implementing and evaluating the use of
novel interventions are essential for informing potential future
trials. Correspondingly, we aim to assess the feasihility,
acceptability, and preliminary efficacy of the use of
conversational agents for healthy lifestyle behavior changesin
the general population in Singapore.

Methods

Approval and Consent

This web-based single-arm feasibility study was approved by
the Nanyang Technological University Ethics Committee
(IRB-2018-11-032). All participants signed their digital
informed consent before embarking on the study.

Participants

Participants were eligible if they were aged above 21 years,
were Singapore citizens or permanent residents, owned a
smartphone, and had a Facebook Messenger (Facebook, Inc)
account. Prospective participants were excluded if they were
pregnant or had any of the following conditions: cancer, chronic
liver disease, chronic kidney disease, a neurodegenerative
condition, heart disease, stroke, a physica disability,
hypertension, or a condition that does not allow for regular
physical activity. Eligibility was confirmed by having
participants complete an eligibility questionnaire, after which
they were asked to provide informed consent on adigital form
sent to them through email.

Recruitment

The participants were recruited on the web through Facebook
in August-September 2019. A digital poster listing the study
aimsand eligibility criteriawas uploaded on rel evant Facebook
pages focused on healthy living, such as Sngapore fitness and
health community and Singapore healthy cooking. In addition,
we used snowballing in our recruitment; therefore, participants
were aso procured through redistribution of our study poster
through messaging apps or through word of mouth.
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Intervention

The conversational agent was designed to be used on Facebook
Messenger using a free web-based tool, Chatfuel [22]. A
research associate (AS) and a PhD student (DAD) devel oped
the script for the program and performed the input. The
intervention focused on diabetes and prediabetes knowledge,
diet, physical activity, sleep, and stress management. These
were the topics of focusidentified in other diabetes prevention
programs targeting lifestyle change [23-25].

The content was informed by existing evidence-based sources
of information, including clinical guidelines and systematic
reviews. Advice onimproving sleep quality was generated from
published evidence reporting on techniques and successful
interventionsfor sleep disorders[26]. The domain on stresswas
infformed by distance learning—based stress management

Dhinagaran et d

techniques identified from a review of existing studies that
described methods to reduce stress and improve health [27].
Pertinent nutritional advicefor individualswith prediabeteswas
obtained from authenti cated government health portalsand other
validated health and nutrition webpages [28]. The collated
advice was then compartmentalized into themes, which
translated into the topic of focus for each interaction between
conversational agent and user (Multimedia Appendix 1
[8,26,27,29-53]). The content for the section on physical activity
was informed by advice on the recommended duration and
intensity of exercise from Singapore's Health Promotion Board
[28]. Validated fitness routines were then presented as part of
the conversation as methods to achieve the necessary level of
fitness [29]. Examples of conversational exchanges between
the conversational agent and users are presented in Figure 1.

Figure 1. A representation of what the interactions between Precilla and users entailed.

< O Precilla

Here is a demonstration of
some of the suggested
exercises for your reference:

%\

Y

Inchworm

If any of the terms don't make
sense to you, a quick google
search will explain and
demonstrate how to perform
the exercise

Okay

A a
BeQ QO -~ ® &b

We also followed the Capability, Opportunity, Motivation,
Behavior model of behavior to guide the development of the
intervention [54]. This model posits that to exhibit a particular
behavior (B), the participant must be physicaly and
psychologically capable (C), have sufficient social and physical
opportunities (O) to perform the behavior, and must have the
desire or need to do so—motivation (M). This was important
in determining the inclusion criteria for the intervention (eg,

https://formative.jmir.org/2021/12/€27956
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RenderX

(15 O Precilla

D

So, what kind of relaxing things
can you do before returning to
sleep?

Relaxing things

Relaxing things

Listen to sc

Have a warm drink (herbal
tea/milk)

Feel free to repeat this step of
leaving the bedroom to do
something relaxing for a while if
you are still unable to sleep

Why does this work?

0 )
(O Il ® b

physically fit with no comorbidities) and in conversation
designing.

The content was mostly presented in the form of text,
supplemented with some images to make the conversational
agent more engaging and to enhance the user experience. These
images were obtained from free-to-use sources or photographs
taken by our study team members. To further contribute to a
positive user experience that mimicked human interaction, the
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conversational agent was given a name, Precilla, and it
displayed human-like characteristics such as in the tone of
speech, profile picture, and through using the typing function
for messages. From here onward, we use Precillato refer to the
conversational agent used in our pilot study.

The intervention was scheduled to last for 4 weeks, whereby
participants would receive 4 messages per week, (every other
day), 1 for each topic (diet, exercise, eep, and stress). A sample
of the dialog tree is presented in Multimedia Appendix 2.

Figure 2. Study workflow.

The actual pilot study lasted for 4 weeks. Upon completion of
the piloting period, the participants were required to complete
afollow-up questionnaire that contained al the details outlined
in the baseline questionnaire, with some additional questions
on conversational agent usability and their overall satisfaction
with the study. Interested participants aso had an opportunity
to take part in afollow-up interview to share their views on the
conversational agent, their experience while taking part in this
web-based study, as well as their thoughts on points of
improvement.

Outcomes

Primary Outcomes

The primary outcomes of interest for this study were the
feasibility of recruitment and retention of participants,
acceptability of the intervention, and participant engagement
with the intervention.

Feasibility of Recruitment and Retention

Feasibility in this study was determined by recruitment and
retention. Feasibility of recruitment was defined as the ability
of theresearchersto recruit at least 75% (150/200) of the target
sample on the web using Facebook within a 1-month period.
Feasihility of retaining participantswas defined as at least 32.7%
(49/150) of the recruited participants completing the study.

Acceptability of the Intervention

The acceptability of Precilla was measured through questions
on usability and satisfaction in the follow-up questionnaire.
Questions were asked on the participants overall satisfaction
with Precilla, their likelihood of using Precilla again and
recommending it to others, as well as the impact of the
interactions on their health.

The usability questionnaire was split into 2 sections; the
guestionsin section 1 related to how participants perceived the
content of Precilla's input. They were required to provide a
rating for each statement from the following options: strongly
agree, agree, neutral, disagree, strongly disagree. Questions
were asked on ease of use, enjoyment, long-term use of Precilla,
and language, as well as motivation to make healthier food

https://formative.jmir.org/2021/12/€27956

Dhinagaran et d

Procedure

An overview of the study workflow is demonstrated in Figure
2. Interested individuals were first required to complete an
digibility questionnaire. The eligible participantsthen provided
informed consent, after which they were requested to compl ete
a basdline questionnaire on a web-based tool, REDCap
(Research Electronic Data Capture; Vanderbilt University) [55].
The questionnaire obtained general information regarding
demographics as well as data on diet, physical activity, sleep,
and stress.

choices, exercise, change sleeping habits, and better manage
stress.

The questionsin section 2 were concerned with the usability of
Precilla and its associated delivery methods. The participants
were provided with the same options to choose from as in
section 1, and they were asked to share their opinions on the
mode of communication (buttons, text, images, etc), the
suitability of Facebook Messenger as a channe of
communication, the number of messages sent, the timing of
messages, and Precilla’s personality.

Participants' Engagement

A further measure of acceptability of the intervention was the
participants’ engagement with Precilla. Data on this aspect was
collected manually by analyzing individual conversations
between Precilla and the participants on Facebook M essenger.
This involved noting down the duration of interactions and
counting the number of complete, incomplete, and nil
interactions. |mmediate responses were defined as interactions
made by the user within an hour of message receipt. We also
collected data directly from Chatfuel analytics, such as user
retention, freetext typed by users (such as questions or random
utterances), and the total number of attempted interactionswith
Precilla. In addition, the technological savviness of the study
population was gauged by asking the participants to rate their
own technological competency on a scale from 1 to 10.

Secondary Outcomes

Our secondary outcomes were related to the efficacy of the
intervention with regard to the participants QoL, diabetes
knowledge, diet, physical activity, sleep, and stress over 4
weeks.

QoL was measured using the short form version of the QoL
Enjoyment and Satisfaction Questionnaire [56]. The
questionnaire comprises 14 items that are rated on a 5-point
scale that indicates the degree of enjoyment or satisfaction
experienced during the past week. The total score for the 14
items, which cover the topics of work, social life, health, and
overall well-being, ranges from 14 to 70. A percentage of the
maximum score is a so reported; for example, if a participant
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scores 20, the percentage—29% (20/70)—is also reported. The
last 2 questions on medication adherence and overall life
satisfaction were reported as percentages (Multimedia A ppendix
3).

The knowledge questionnaire had 3 separate sections. Section
1 was concerned with participants knowledge about healthy
living, prediabetes, and diabetes; section 2 asked for their
perceptions on how healthy their lifestyleis and the likelihood
of their developing diabetes; section 3 tested their knowledge
of risk factorsfor type 2 diabetes. The questionnaire was derived
from an adaptation of questions presented by the Michigan
Diabetes Research Centre [57]. The questionnaire was adapted
such that, in section 1, questions regarding the definitions of
diabetes and prediabetes were added to test participants
knowledge of these conditions. In section 2, the wording of
some questions about participants’ efforts to make healthy
lifestyle behavior changesin the past year was adapted to obtain
more detail in their responses from just yes or no to a scaled
format. In section 3, some risk factors that were not applicable
to the Singaporean context were removed (eg, being Asian
American, Hispanic, or African American).

The participants dietswere assessed based on an adaptation of
the Food Frequency Questionnaire where questionswere asked
on thefrequency of daily intake of vegetables, fruits, fried foods,
and sweetened drinks[58]. Physical activity was assessed using
the International Physical Activity Questionnaire (IPAQ), which
was adapted specifically for use in this study [59]. Questions
were asked on the intensity of exercise (vigorous, moderate, or
light), the frequency of physical activity (in days per week),
and thelength of each on (in minutes). Only onslasting
at least 10 minutes qualified as physical activity. In line with
IPAQ scoring, a metabolic equivalent of task (MET) score was
calculated. The MET score represented the amount of energy
expended when carrying out physical activity. For consistency,
walking was given a score of 3.3 METS, moderate physical

Table 1. Overall summary of results (N=60).
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activity 4 METSs, and vigorous physical activity 8 METs. To
calculate MET minutes per week, the MET valuewas multiplied
by the minutes for which the activity was carried out and again
by the number of days in the week that the activity was
undertaken. As some participants provided a range for their
responses, for consistency, a mean value was used for the
calculation. For example, for number of days, that is, 1-3 days,
the mean was calculated as 2. For session length, that is, 10-20
minutes, the mean was calculated as 15.

A MET score of 600 MET s per week indicated that an individual
was moderately physicaly active, whereas 1500 METs per week
indicated a high level of physical activity. Any score that did
not qualify as moderate or high was considered an indication
of alow level of physical activity.

Sleep scoring was done using the Pittsburgh Sleep Quality Index
(PSQI) questionnaire [60]. A score of Oindicated excellent Sleep
quality, whereas 10 indicated severely poor sleep quality. Poor
dleep quality was defined as participants with a global PSQI
score higher than 5. The stress level of the participants was
gauged using the Perceived Stress Scale, where it was possible
to receive a score between 0 and 40 [61]. Scores ranging from
0 to 13 were considered low perceived stress, from 14 to 26
moderate perceived stress, and from 27 to 40 high perceived
stress.

Data Analysis

Data analysis was conducted on the data collected at baseline
and follow-up (Table 1). The participant responses on
sati sfaction and usability were presented as percentages of each
option on a Likert scale (eg, strongly agree, disagree, much
better than before, or neither better nor worse). The participant
outcomes for QoL, knowledge, physical activity, sleep, and
stress were all presented as pre- and postscores using the
individualized scoring system of each questionnaire.

Baseline values (n=60)

Follow-up (4 weeks) values (n=56)

Knowledge, mean (SD; range)

Section 1 7 (1.37; 6-18) 6 (0.93; 6-18)
Section 2 28 (2.7; 12-48) 27 (3.5; 12-48)
Section 3 10 (4.1; 8-32) 9(2.2;8-32)
Sleep, mean (SD) 4(2.36) 4(2.45)
Stress, mean (SD) 17 (5.13) 16 (5.10)
Physical activity (MET? score), mean (SD) 1080 (816) 1075 (872)
QoLP
14-item score, mean (SD) 54 (6.90) 53 (6.46)
Maximum score (%) 77 75

AMET: metabolic equivalent of task.

bQoL: quality of life (measured using the short form version of the QoL Enjoyment and Satisfaction Questionnaire).

We performed descriptive analyses of the data. The data were

the efficacy of theintervention [62]. Mean differences between

presented using percentages, means, and SDs. As thiswas a baseline and follow-up were presented, accompanied by 95%

feasibility study, no hypothesistesting was performed to assess
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Cls[62].
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Results Facebook Messenger on their smartphone, and a further 52
(38.2%) completed the screening questionnaire but did not
Recruitment and Retention proceed to provide informed consent, leaving 75 (55.1%)

participants eligible for participation. Of these 75 participants,
60 (80%) completed baseline assessments, and of these 60, 56
(93%) completed the follow-up questionnaires (Figure 3).

A total of 136 individuals expressed initial interest in
participating in the study; however, 9 (6.6%) were ineligible
because of comorbidities or because they had not installed

Figure 3. Theflow of participants through the study.

Initial interest
n=136

Did not sign informed consent
n=52
Ineligible for the study
n=9

Enrolled
n=75

Baseline
assessments

n=60

Follow-up
assessments
n=>56

(SD 3.8; Table 2), and the average technical competency on a

Characteristics of Participants scale of 110 10 was 8.07.

Of the enrolled participants, 38% (23/60) were men. The mean
age was 33.7 years (SD 9.3), the mean BMI was 22.3 kg/m?
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Table 2. Characteristics of all the enrolled participants who completed baseline assessments (N=60).
Characteristics Baseline values
Age (years), mean (SD) 33.7(9.9)
BMI (kg/m?), mean (SD) 223(38)
Gender (male), n (%) 23(38)
Ethnicity, n (%)
Chinese 48 (80)
Malay 5(8)
Indian 3(5)
Others
White 2(3)
Burmese 2(3)
Marital status, n (%)
Currently married 25 (42)
Never married 33(55)
Separated 1(2
Divorced 1(2
Highest level of education, n (%)
University and above 50 (83)
Polytechnic diploma 1(2
Other diploma and professional qualification 1(2
A2Jevel or NTCP-1 or NTC-2 or certificate in office or business skills or its equivalent 6(10)
O%or N%level or NTC-3 certificate or its equivalent 129
Secondary school 1(2)
Work status, n (%)
Employed 37(62)
Student (full time) 17 (28)
Homemaker or housewife 3(5)
Unemployed (able to work) 23
Retired 12
History of parents, sibling, or child with type 2 diabetes, n (%)
Yes 11 (18)
No 49 (82)
History of hypertension, n (%)
Yes 2(3)
No 58 (97)

8A-level or advanced-level examinations are taken by students at the age of 18, 2 or 3 years after completing their O-level or ordinary-level examinations,
which are taken by students at the age of 16 after 4 years (or 5 years) of secondary school.

BNTC: National Technical Certificate.

®N-level: The Singapore-Cambridge General Certificate of Education Normal-level. Secondary students in Singapore can move between two streams
based on their academic performance: 4 years of study culminating in the O-level (ordinary level) or the N-level (normal level) examinations. N-level
students may participate in afifth year of study to take the O-level examinations.
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Satisfaction

Of the 56 participants who followed the study through till
completion, 52 (92%) were moderately or very satisfied with
Precilla, 30 (54%) thought that their likelihood of recommending
Precillato others would be somewhat likely, 32 (57%) felt that
the likelihood of their opting to use Precilla again for personal
use would also be somewhat likely, and, finaly, 29 (51%)
posited that their health was somewhat better or much better
than before.

Figure 4. Participants’ opinions of Precilla’s usability and acceptability.

Dhinagaran et d

Usability

The agree and strongly agree responses exceeded 50% (28/56)
for al the questions relating to Precilla's acceptability, except
for question 5, “ Chatting with Precilla motivated me to change
unhealthy sleeping habits,” where the collective response in
agreement (agree and strongly agree) was only 46% (26/56)
(Figure 4). The smallest percentage of disagreement was for
guestions 1 and 8, indicating that most of the participants (55/56,
98%) found the chat easy to use and thought that Precilla used
simple language and was easy to talk to. The neutral response
was a common selection by participants for questions 2-7.

It felt like | was chatting with a real person

| liked Precilla's personality

| wish there were more images or videos

| liked images and videos in Precilla's messages

| liked receiving messages at 12 noon at each interaction
The number of messages exchanged was just right

| liked using Facebook Messenger to chat with Precilla

| would have preferred the option to type some messages

Precilla used simple language and was easy to talk to

| would use Precilla long term to improve my health
Precilla motivated me to better manage my stress
Precilla motivated me to change unhealthy sleeping habits
Chatting with Precilla motivated me to exercise
Precilla motivated me to make healthier food choices

| enjoyed chatting with Precilla

| found the chat easy to use

0

m Strongly disagree Disagree

Of the 56 participants, 37 (67%) agreed that Facebook
M essenger was an appropriate medium to deliver the messages
sent by Precilla. The remaining participants were either neutral
or disagreed. Telegram and WhatsApp were proposed as
potential alternative delivery media. Of the 56 participants, 9
(15%) thought that the number of messages exchanged with
Precilla was too high, and they would have preferred the
intervention to deliver fewer messages; 12 (21%) disagreed that
12 PM was the most appropriate time to receive messages,
whereasthe remaining 44 (79%) either agreed, strongly agreed,
or were neutral (Figure 4) and indicated a preference for
interacting with Precilla after work, in the evening or before
bedtime. Some indicated specific timings such as5 PM, 8 PM,
or 10 PM, and 1 participant suggested 9 AM or during the
morning commute to work. There were no disagreements to
statement 13 (“l liked images and videos in Precilla's
messages’) and minimal disagreement for statements 14 (5/56,

https://formative.jmir.org/2021/12/€27956
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9%) and 15 (4/56, 7%) on the inclusion of more visual
components and Precilla's personality, respectively. Most
participants did not find Precilla to be very human-like and
could clearly tell that they were communicating with a
conversational agent. Of the 56 participants, 3 (5%) suggested
some degree of personalization, whereby Precilla’'s messages
should be initiated when the user prompted the conversational
agent and not the other way around.

Conversational Agent Engagement Data

The number of complete, incomplete, and absent interactions
were noted (Figure 5). In addition, the number of immediate
and delayed interactions were also counted (Figure 6). Some
interactionswere started but not completed. The reasonsfor not
completing interactions are presented in Multimedia Appendix
4.
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Figure5. Percentage of total weekly interactions that were complete, incomplete, or absent (not attempted at all).
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Figure 6. Number of immediate and delayed interactions between participants and Precillafor each category.
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All the conversations were completed by at least 50% (>30/56)
of the participants consistently over the period of the study. The
number of participants who completed interactions from start
to finish exceeded 71% (40/56) for 56% (9/16) of the
interactions, denoting high engagement with the conversational
agent. Similarly, at least 40% (<22/56) of the participants
responded immediately to the conversational agent 75% (12/16
interactions) of the time, even in the last week of the study,
denoting consistently high conversational agent engagement.

The participantswererestricted to apredetermined list of options
when providing responsesto the questions asked or information
provided. A frequent cause of disruption to the conversation
flow was participants typing free text, which led them off track.
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Thisresulted in their being redirected to the main menu, which
they potentially found confusing, or they were reluctant to go
through the whole conversation flow again and, hence, failed
to complete that interaction. The average duration of each
interaction was in the 2- to 5-minute range. More data on
conversational agent engagement are presented in Multimedia
Appendix 4.

QoL Score

The 14-item QoL score was 54 (SD 6.90) at baseline and 53
(SD 6.46) at follow-up (mean difference 0.95; 95% CI -1.51
to 3.41). Of the participants taking medication (10 at baseline,
17 at follow up), participants rated adherence as fair (baseline
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5/10, 50%; follow-up 6/17, 35%), good (baseline 5/10, 50%;
follow-up 9/17, 53%), and very good (baseline 0/10, 0%;
follow-up 2/17, 12%). The participants rated overall life
satisfaction asfair (baseline 16/60, 27%; follow-up 12/56, 21%),
good (baseline 35/60, 58%; follow-up 33/56, 59%), or very
good (baseline 9/60, 15%; follow-up 10/56, 18%), and 2% (1/56)
of participants reported poor overall life satisfaction at
follow-up.

Knowledge

The scoring system for the questionnaires meant that lower
scores denoted better knowledge outcomes (sections 1 and 3)
and lower perceived risk of diabetes (section 2). In section 1,
the scores were 7 (SD 1.37) at basdline and 6 (SD 0.93) at
follow-up (mean difference 0.52, 95% CI 0.09-0.95); the
possible score range was 6-18. In section 2, the scores were 28
(SD 2.7) at baseline and 27 (SD 3.5) at follow-up (mean
difference 0.9, 95% CI —0.25 to 2.05); the possible score range
was 12-48. In section 3, the scoreswere 10 (SD 4.11) at baseline
and 9 (SD 2.2) at follow-up (mean difference 1.0, 95% Cl —-0.23
to 2.23); the possible score range was 8-32.

Diet

The number of individuals consuming vegetables at least once
aday was 27% (16/60) at baseline and 29% (16/56) at follow-up.
Similarly, the percentage of participants having three portions
of fruit per day was 3% (2/60) at baseline and 7% (4/56) at
follow-up. With regard to intake of unhealthy food comprising
sweetened beverages and fried food or snacks, the almost never
consumption category for sweetened beverageswas 38% (23/60)
at baseline and 45% (25/56) at follow-up, whereasfor fried food
and snacks, the almost never consumption category was 25%
(15/60) at baseline and 30% (17/56) at follow-up.

Physical Activity

The median METs-per-week score was 857 at basdine (IQR
902) and 765 (IQR 882) at follow-up. The average categorical
score remained constant from baseline to follow-up where the
average exercise intensity was moderate. The mean time spent
sitting was 439 minutes at baseline and 406 minutes at
follow-up. In addition, the median amount of moderate and
vigorous physical activity wasthe same, 30 min per week (IQR
90) at baseline and 50 min per week (IQR 90) at follow-up.

Sleep

According to the scoring method, alower scoreindicated better
sleep. The mean PSQI scorewas 4.38 (SD 2.36) at baselineand
4.43 (SD 2.45) at follow-up (mean difference —0.05, 95% CI
-0.93 t0 0.83). The prevalence of poor seep quality was 28%
(16/60) at baseline and 30% (16/56) at follow-up. The
participants who reported sleeping for less than 7 hours were
classified as short sleepers; 82% (49/60) were short sleepers at
baseline, whereas 88% (49/56) were short deepers at follow-up.

Stress

The scoring for stress meant that lower scores denoted |ower
stresslevels and higher scores denoted higher stresslevels. The
mean score at baseline was 17 (SD 5.13), denoting a moderate
stress level, which was maintained even at follow-up, mean 16
(SD 5.1; mean difference 0.73; 95% Cl —-1.15t0 2.61).
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Discussion

Principal Findings

To our knowledge, thisisthe first web-based pilot study to test
the feasibility and acceptability of a healthy lifestyle behavior
change conversational agent in the Singaporean population. In
this web-based study, which used Facebook Messenger as a
delivery medium for a conversational agent targeting healthy
lifestyle behavior change in the Singaporean population, we
managed to recruit 37.5% (75/200) of the target ssmple sizein
1 month. Retention was high at 93% (56/60); conversational
agent engagement was also high, with all the conversations
being completed by at least 50% (28/56) of the participants
consistently. Furthermore, at least 40% (22/56) of the
participants responded almost immediately 75% (12/16) of the
time. Acceptability, usability, and satisfaction were also
generaly high. In general, we were able to conduct the study
with high fidelity, and each phase ensued as planned. Any
definitive signs of improvement in QoL, knowledge, diet,
physical activity, deep, and stress would have to be studied in
more detail in afuture study of effectiveness.

The secondary outcomes in the study were measured using
validated scales, namely, the short form version of the QoL
Enjoyment and Satisfaction Questionnaire, PSQI, Perceived
Stress Scale, Food Frequency Questionnaire, and IPAQ. We
took notethat although these questionnaires have not necessarily
been optimized for the Singaporean population, these
well-established scal es were chosen to ensure a certain level of
validity and reliability in our results.

Comparisons With Existing Literature

Conversational agents have been used for healthy behavior
change; however, they have been used mainly in niche areas
such as smoking cessation, alcohol misuse treatment, and the
promotion of physical activity in sedentary populations[63-65].
The application presented in this study is very comprehensive,
novel, and relevant to the general population in Singapore.

The outcome measures were similar to those in other studies
looking at the acceptability of conversational agents in health
care, and acceptability was high in other studies aswell asin
thisfeasibility trial. Previous studies noted high response rates
(ie, conversational agent engagement) and strongly agree or
agree scoresfor user-friendliness, appropriateness, consistency,
and speed of response, asin our study [66]. The other measures
in prior studies that denoted acceptability were high perceived
ease of use, usefulness, and intention to use, similar to our
measures of ease and enjoyment of use, motivating change in
unhealthy habits, and intention to use Precilla again or
recommend it to others, respectively [67,68].

In another study using a health behavior change conversational
agent, high compliance was attributed to a rewarding game
system [68]. Considering the dlight decrease in weekly
compliance in our feasibility study (43/56, 77% completed
interactions in week 1 vs 39/56, 69% in week 4), it may be
worth exploring the possibility of introducing a gaming or
reward component in future iterations. Personalization has
previously been met with positive user reception, for example,
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by providing personalized advice to maintain target blood
glucose levels or personalized reminders for taking medication
[69]. Similarly, personalized content and message timing
delivery should be implemented in future versions of Precilla,
considering the preference indicated by users.

It has previously been indicated that users tend to prefer
interacting with female conversational agents, as evidenced by
Siri, Cortana, and Alexa, for example[70]. In addition, the study
by Brahnam et a [71] has explained that in the field of
human-computer interaction, “the standard of believability has
becomeinextricably linked to gender personification, especially
female personification.” As such, we chose to use Precilla and
reinforced her character with a profile picture.

Views on conversational agent personality have been mixed,
depending on the function of the agent. For example, participants
appreciated an empathetic demeanor from conversational agents
for e-therapy, in contrast to the participants indifference to
Precilla’'s humanity in this pilot study, where she played more
of an impersonal, informative or educational role [72]. It may
be that the conversational agent’s purpose determines how
important the degree of humanity is.

Another aspect of this study wasthe effectiveness of participant
recruitment through social media. We chose a goal of 75%
(150/200) recruitment rate based on other studies involving
mobile health trials having achieved an application rate of 86%
(70/81) for enrollment through Facebook or an 85.1% (605/711)
response rate to Facebook advertisements in 45 days [73,74].
Although our study only yielded a recruitment rate of 37.5%
(75/200) in the given period, it aligns quite appropriately with
therecruitment rates of 33%, 30%, or 37.7% in other web-based
mobile apps or Facebook trials [75-77]. Hence, our 37.5%
(75/200) recruitment rate seemsto indicate feasibility regarding
the recruitment of participants in the general population in
Singapore for a web-based conversational agent intervention
delivered through Facebook.

A systematic review accentuated the effectiveness of Facebook
as a recruitment tool [78]. It was suggested that on average,
studies allowed a 3-month recruitment period, and Facebook
was found to be more efficient than traditional methods (print,
radio, television, email, or word of mouth) because of the
reduced costs, shorter recruitment times, and ability to connect
with harder-to-reach populations. In future studies, we may
need to consider complementing our current no-fee Facebook
approach with advertisements or other recruitment methods, as
well as potentially alonger recruitment period.

Implications and Future Research

In terms of the recruitment, we noticed some attrition among
the eligible participants just before provision of informed
consent. As the only communication was through email from
aninstitutional email address, the uncertainty involved in remote
participation, such as never meeting the study team in person,
could have been acausefor the participants’ apprehension. This
lack of direct engagement may have led to some participants
not feeling comfortable sharing their digital signature with us
because of data protection and privacy concerns. In future
research studies, a mix of a digital recruitment approach and
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face-to-face exchange (possibly in the form of recruitment or
debriefing) could provide participants with an opportunity to
ask questions and validate the legitimacy of the study.

Regarding the preliminary efficacy, minimal improvements
were observed in the participants’ knowledge, stress, and diet,
whereas there was alack of improvement in QoL and sleep and
no change in physical activity. The dearth of significant
improvement in these areas could be attributed to the content
and delivery not being adequately designed to target
effectiveness and, possibly, the short study length (4 weeks),
which may not have been sufficient for any noteworthy changes
to have been observed. Furthermore, this study was not designed
to test the effectiveness of the intervention, and this should be
explored in more detail in future iterations.

The participantsindicated that they could clearly tell that Precilla
was indeed a conversational agent. This was beneficia in
confirming Precilla’sidentity and in reducing expectationsfrom
users that the conversational agent should think, function, and
react like ahuman being. It wasinteresting to note that although
the participantsdid not find Precillato be very human-like, they
still rated the conversational agent highly in terms of content,
usability, general acceptability, ease of use, visual components,
and so on. This shows that, for this study population and for a
conversational agent with Precilla’s functions and capabilities,
acceptability was not dependent on the anthropomorphism of
the conversational agent.

The conversational agent engagement data revealed that there
was a dlight decrease in the number of interactions that the
participants completed fully with each successive week. It is
possiblethat the content and delivery methods could have come
across as repetitive because we provided areview of take-home
points from the previous interaction from week 2 onwards.
Alternatively, perhaps the routine that Precilla followed made
the intervention very regimented, not leaving much room for
spontaneity in the form of varied message timings or even
variations in the ways that users could respond to Precilla, for
example, using free text. These factors may have contributed
tothedecreasein interest over time. Futureiterations of Precilla
could explore introducing more novelty and personalization, as
recommended by the participants in the telephone interviews.
The participants shared some points for improvement, including
alternative modes of delivery such asWhatsA pp and Telegram,
apossibility of shortening the conversation lengths, and more
personalized timings for message delivery.

Strengthsand Limitations

One of the main strengths of the study isthe high fidelity inthe
delivery of thislow-cost, fully web-based feasibility study. We
did not experience any software malfunctions and were able to
implement the intervention as per protocol. The content of the
intervention was evidence based, and it was co-designed with
members of the target population to make the intervention as
relevant to them as possible. We managed to reach a diverse
range of age groups—from 23 to 60 years—using Facebook
without the need to pay for advertising. Although the recruited
sample—recruited over 4 weeks using solely
Facebook—consisted of fewer participants than our target size,
it is comparable with those reported in other studies that used
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paid Facebook advertisements within the same time frame.
However, the participants were recruited through healthy
living—focused Facebook groups and pages; therefore, these
individualswere already very much invested in healthy lifestyle
behavior change and more likely to use apps and social media.
Furthermore, the participants were Facebook users, capable of
navigating Facebook Messenger, had high technological
competency, and a very high level of tertiary education. As
such, our findings may not be generaizable to other
demographic groups such as older people; individuals with
lower education levels; or those not active on, or familiar with,
social media. However, this study did largely cover the general
characteristics of the average Singaporean, making the findings
very much valuable and relevant. A further limitation is that
although we used validated outcome measurement tools, all
outcomes were self-reported by the participants. Furthermore,
although these measurement scales are well reputed and
established, they were not necessarily optimized for use in the
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Singaporean population. Finally, we used asingle-arm pre-post
study design, which isacceptable for afeasibility study but does
not allow for assessment of the effectiveness of theintervention.

Conclusions

This web-based feasibility study showed that the delivery of a
conversational agent for healthy lifestyle behavior change using
Facebook Messenger is, to alarge extent, feasiblein Singapore.
Precillais a low-cost intervention that was popular among the
participants and waswell received, with most participantsbeing
satisfied with the intervention and prepared to recommend it to
friends and family. This study demonstrated the ability to
conduct a web-based trial to assess the impact of a novel
intervention. Our preliminary data on the acceptability of the
intervention showed the need for further enhancement of this
conversational agent intervention, potentially through
humani zati on of the agent and personalization of the messaging.
Such an intervention needsto be evaluated with arigorous study
design and larger sample size.

This research was supported by the Ageing Research Institute for Society and Education, Nanyang Technological University,
Singapore. This study was also supported by the National Research Foundation, Prime Minister’s Office, Singapore, under its
Campus for Research Excellence and Technological Enterprise program.

Authors Contributions

LTC conceived the idea for this study. DAD, AS, and LTC developed the resources and administered the study. DAD recruited
the participants and collected the data. DAD analyzed the data and interpreted the results with input from TS and LTC. DAD,
TS, LTC, AS, JB, and YLT wereinvolved in writing the paper and approved the submitted version.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Sources of information for the conversational agent.
[DOCX File, 19 KB - formative v5i12e27956 appl.docx ]

Multimedia Appendix 2

Diaogue tree sample outline for introductory week. The message blocks are in grey, and answer button optionsin blue. User’s
name will be seen in the {first name} area. The “typing” lasts between 2-5 seconds depending on the length of text to be read.

[DOCX File, 86 KB - formative v5i12e27956 app2.docx ]

Multimedia Appendix 3
Questionnaires administered to participants.
[DOCX File, 26 KB - formative v5i12e27956 app3.docx ]

Multimedia Appendix 4
Conversational agent engagement data.
[DOCX File, 18 KB - formative v5i12e27956 app4.docx ]

References

1.  YatesT, DaviesMJ, Khunti K. Obesity and chronic disease in younger people: an unfolding crisis. Br J Gen Pract 2012
Jan;62(594):4-5 [FREE Full text] [doi: 10.3399/bjgp12X616201] [Medline: 22520657]

2. PhanTR Alkemal, Ta ES, Tan KH, Yang Q, Lim W, et al. Forecasting the burden of type 2 diabetesin Singapore using
a demographic epidemiological model of Singapore. BMJ Open Diabetes Res Care 2014 Jun 11;2(1):e000012 [ FREE Full
text] [doi: 10.1136/bmjdrc-2013-000012] [Medline: 25452860]

https://formative.jmir.org/2021/12/€27956

JMIR Form Res 2021 | vol. 5 | iss. 12 |€27956 | p.140
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v5i12e27956_app1.docx&filename=b0795ca65a6967597f42e6a1e0745c72.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app1.docx&filename=b0795ca65a6967597f42e6a1e0745c72.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app2.docx&filename=2ff1fbe488589f974b463aa794b1cffe.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app2.docx&filename=2ff1fbe488589f974b463aa794b1cffe.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app3.docx&filename=28330815996beb44dc8c6a1e7cd328b9.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app3.docx&filename=28330815996beb44dc8c6a1e7cd328b9.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app4.docx&filename=48810b8c3197dda8d4a27fa0d77c60c7.docx
https://jmir.org/api/download?alt_name=formative_v5i12e27956_app4.docx&filename=48810b8c3197dda8d4a27fa0d77c60c7.docx
https://bjgp.org/cgi/pmidlookup?view=long&pmid=22520657
http://dx.doi.org/10.3399/bjgp12X616201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22520657&dopt=Abstract
https://drc.bmj.com/lookup/pmidlookup?view=long&pmid=25452860
https://drc.bmj.com/lookup/pmidlookup?view=long&pmid=25452860
http://dx.doi.org/10.1136/bmjdrc-2013-000012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25452860&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Dhinagaran et &

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,
25.

Lai L. Oneinthree Singaporeans not active enough. The Straits Times. 2018. URL: https://www.straitstimes.com/singapore/
one-in-three-singaporeans-not-active-enough [accessed 2021-09-20]

DaeAC, Nilsen Tl, Vatten L, Midthjell K, Wiseth R. Diabetes mellitus and risk of fatal ischaemic heart disease by gender:
18 yearsfollow-up of 74,914 individualsin the HUNT 1 Study. Eur Heart J 2007 Dec;28(23):2924-2929. [doi:
10.1093/eurheartj/ehm447] [Medline: 17947212]

Gu K, Cowie CC, HarrisMI. Mortality in adults with and without diabetes in a national cohort of the U.S. population,
1971-1993. Diabetes Care 1998 Jul;21(7):1138-1145. [doi: 10.2337/diacare.21.7.1138] [Medline: 9653609]

Wong LY, Toh MP, Tham LW. Projection of prediabetes and diabetes popul ation size in singapore using a dynamic markov
model. J Diabetes 2017 Jan;9(1):65-75. [doi: 10.1111/1753-0407.12384] [Medline: 26849033]

Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Prediabetes. a high-risk state for diabetes development. The
Lancet 2012 Jun 16;379(9833):2279-2290 [FREE Full text] [doi: 10.1016/S0140-6736(12)60283-9] [Medline: 22683128]
Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hdmdldinen H, llanne-Parikka P, Finnish Diabetes Prevention Study
Group. Prevention of type 2 diabetes mellitus by changesin lifestyle among subjects with impaired glucose tolerance. N
Engl JMed 2001 May 03;344(18):1343-1350. [doi: 10.1056/NEJM200105033441801] [Medline: 11333990]

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl JMed 2002 Feb
07,346(6):393-403 [FREE Full text] [doi: 10.1056/NEJM 0a012512] [Medline: 11832527]

Ramachandran A, SnehalathaC, Mary S, Mukesh B, Bhaskar AD, Vijay V, Indian Diabetes Prevention Programme (IDPP).
Theindian diabetes prevention programme shows that lifestyle modification and metformin prevent type 2 diabetesin
Asian Indian subjects with impaired glucose tolerance (IDPP-1). Diabetologia 2006 Feb;49(2):289-297. [doi:
10.1007/s00125-005-0097-z] [Medline: 16391903]

What is a chatbot and how to useit for your business. Start It Up. 2018. URL : https://medium.com/swih/
what-is-a-chatbot-and-how-to-use-it-for-your-business-976ec2e0a99f [accessed 2021-09-20]

Saeed H. Developing a chatbot? L earn the difference between Al, machine learning, and NLP. Chatbots life. 2016. URL:
https:.//chatbotslife.com/devel oping-a-chatbot-learn-the-difference-between-ai-machine-learning-and-nl p-40a3f 745aec4
[accessed 2021-09-20]

Kocaballi AB, Berkovsky S, Quiroz JC, Laranjo L, Tong HL, Rezazadegan D, et a. The personalization of conversational
agents in health care: systematic review. JMed Internet Res 2019 Nov 07;21(11):e15360 [FREE Full text] [doi:
10.2196/15360] [Medline: 31697237]

Tudor Car L, Dhinagaran DA, Kyaw BM, Kowatsch T, Joty S, Theng Y, et al. Conversational agentsin health care: scoping
review and conceptual analysis. JMed Internet Res 2020 Aug 07;22(8):e17158 [FREE Full text] [doi: 10.2196/17158]
[Medline: 32763886]

Liu S, Ko QS, Heng KQ, Ngiam KY, Feng M. Healthcare transformation in Singapore with artificial intelligence. Front
Digit Health 2020 Nov 17;2:2018. [doi: 10.3389/fdgth.2020.592121]

Shahab L, McEwen A. Online support for smoking cessation: a systematic review of the literature. Addiction 2009
Nov;104(11):1792-1804. [doi: 10.1111/].1360-0443.2009.02710.x] [Medline: 19832783]

Khadjesari Z, Murray E, Hewitt C, Hartley S, Godfrey C. Can stand-al one computer-based interventions reduce alcohol
consumption? A systematic review. Addiction 2011 Feb;106(2):267-282. [doi: 10.1111/j.1360-0443.2010.03214.X] [Medline:
21083832]

Bailey JV, Murray E, Rait G, Mercer CH, Morris RW, Peacock R, et al. Interactive computer-based interventions for sexual
health promotion. Cochrane Database Syst Rev 2010 Sep 08(9):CD006483. [doi: 10.1002/14651858.CD006483.pub2]
[Medline: 20824850]

LeeEE, Brecht M, Park H, Lee J, Oh KM. Web-based study for improving mammography among korean american women.
J Cancer Educ 2017 Jun;32(2):257-263. [doi: 10.1007/s13187-015-0920-2] [Medline: 26423058]

Jennings CA, Vandel anotte C, Caperchione CM, Mummery WK. Effectiveness of aweb-based physical activity intervention
for adults with type 2 diabetes-a randomised controlled trial. Prev Med 2014 Mar;60:33-40. [doi:
10.1016/j.ypmed.2013.12.011] [Medline: 24345601]

Harris J, Felix L, Miners A, Murray E, Michie S, Ferguson E, et al. Adaptive e-learning to improve dietary behaviour: a
systematic review and cost-effectiveness analysis. Health Technol Assess 2011 Oct;15(37):1-160 [FREE Full text] [doi:
10.3310/hta15370] [Medline: 22030014]

Chatfuel Homepage. Chatfuel. URL: https://chatfuel.com/ [accessed 2021-09-20]

Lifestyle change program details. National diabetes prevention program CDC. URL : https://www.cdc.gov/diabetes/prevention/
Icp-details.html [accessed 2021-09-20]

Improving lives through digital therapeutics. Cappa. URL: https://cappahealth.com/ [accessed 2021-09-20]

Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, Finnish Diabetes Prevention Study Group.
The Finnish Diabetes Prevention Study (DPS): lifestyleintervention and 3-year resultson diet and physical activity. Diabetes
Care 2003 Dec;26(12):3230-3236. [doi: 10.2337/diacare.26.12.3230] [Medline: 14633807]

https:/formative.,jmir.org/2021/12/e27956 JMIR Form Res 2021 | vol. 5 | iss. 12 [€27956 | p.141

(page number not for citation purposes)


https://www.straitstimes.com/singapore/one-in-three-singaporeans-not-active-enough
https://www.straitstimes.com/singapore/one-in-three-singaporeans-not-active-enough
http://dx.doi.org/10.1093/eurheartj/ehm447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17947212&dopt=Abstract
http://dx.doi.org/10.2337/diacare.21.7.1138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9653609&dopt=Abstract
http://dx.doi.org/10.1111/1753-0407.12384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26849033&dopt=Abstract
http://europepmc.org/abstract/MED/22683128
http://dx.doi.org/10.1016/S0140-6736(12)60283-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22683128&dopt=Abstract
http://dx.doi.org/10.1056/NEJM200105033441801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11333990&dopt=Abstract
http://europepmc.org/abstract/MED/11832527
http://dx.doi.org/10.1056/NEJMoa012512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11832527&dopt=Abstract
http://dx.doi.org/10.1007/s00125-005-0097-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16391903&dopt=Abstract
https://medium.com/swlh/what-is-a-chatbot-and-how-to-use-it-for-your-business-976ec2e0a99f
https://medium.com/swlh/what-is-a-chatbot-and-how-to-use-it-for-your-business-976ec2e0a99f
https://chatbotslife.com/developing-a-chatbot-learn-the-difference-between-ai-machine-learning-and-nlp-40a3f745aec4
https://www.jmir.org/2019/11/e15360/
http://dx.doi.org/10.2196/15360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697237&dopt=Abstract
https://www.jmir.org/2020/8/e17158/
http://dx.doi.org/10.2196/17158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763886&dopt=Abstract
http://dx.doi.org/10.3389/fdgth.2020.592121
http://dx.doi.org/10.1111/j.1360-0443.2009.02710.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19832783&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2010.03214.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21083832&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD006483.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20824850&dopt=Abstract
http://dx.doi.org/10.1007/s13187-015-0920-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26423058&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2013.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24345601&dopt=Abstract
https://doi.org/10.3310/hta15370
http://dx.doi.org/10.3310/hta15370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22030014&dopt=Abstract
https://chatfuel.com/
https://www.cdc.gov/diabetes/prevention/lcp-details.html
https://www.cdc.gov/diabetes/prevention/lcp-details.html
https://cappahealth.com/
http://dx.doi.org/10.2337/diacare.26.12.3230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14633807&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Dhinagaran et &

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Freeman D, Sheaves B, Goodwin G, Yu L, Nickless A, Harrison P, et a. The effects of improving sleep on mental health
(OASIS): arandomised controlled trial with mediation analysis. Lancet Psychiatry 2017 Oct;4(10):749-758 [FREE Full
text] [doi: 10.1016/S2215-0366(17)30328-0] [Medline: 28888927]

Blazquez Martin D, De LaTorre |, Garcia-Zapirain B, Lopez-Coronado M, Rodrigues J. Managing and controlling stress
using mhealth: systematic search in app stores. IMIR Mhealth Uhealth 2018 May 09;6(5):€111 [FREE Full text] [doi:
10.2196/mhealth.8866] [Medline: 29743152]

Aim for 150 minutes of physical activity every week. Health hub. URL : https://www.heal thhub.sg/live-heal thy/386/
150minutes [accessed 2021-09-20]

Heinrich KM, Patel PM, O'Neal JL, Heinrich BS. High-intensity compared to moderate-intensity training for exercise
initiation, enjoyment, adherence, and intentions: an intervention study. BMC Public Health 2014 Aug 03;14(1): 789 [FREE
Full text] [doi: 10.1186/1471-2458-14-789] [Medline: 25086646]

War on diabetes: Singapore to host global conference on tackling epidemic. Channel News Asia. 2018. URL : https://www.
channel newsasi a.conmv/singapore/di abetes-singapore-to-host-global -mini sterial -conference-922466 [accessed 2021-10-04]
What is prediabetes? Joslin Diabetes Center, Inc. 2019. URL : https.//www.joslin.org/patient-care/diabetes-education/
diabetes-learning-center/what-pre-diabetest [accessed 2021-10-04]

Prediabetes. Mayo Clinic. 2020. URL: https.//www.mayoclinic.org/di seases-conditi ons/prediabetes/diagnosis-treatment/
drc-20355284 [accessed 2021-10-04]

George AM, Jacob AG, Fogelfeld LW. Lean diabetes mellitus: An emerging entity in the era of obesity. World J Diabetes
2015 May 15;6(4):613-620 [FREE Full text] [doi: 10.4239/wjd.v6.i4.613] [Medline: 25987958]

Pan A, Sun Q, Manson JE, Willett WC, Hu FB. Walnut consumption is associated with lower risk of type 2 diabetesin
women. J Nutr 2013 Apr;143(4):512-518 [FREE Full text] [doi: 10.3945/jn.112.172171] [Medline: 23427333]
KalergisM, Yinko SL, Nedelcu R. Dairy products and prevention of type 2 diabetes: implications for research and practice.
Front Endocrinol (Lausanne) 2013;4:90 [FREE Full text] [doi: 10.3389/fendo0.2013.00090] [Medline: 23888154]

Nguyen V, Cooper L, Lowndes J, Melanson K, Angelopoulos TJ, Rippe JM, et al. Popcorn is more satiating than potato
chipsin normal-weight adults. Nutr J 2012 Sep 14;11:71 [FREE Full text] [doi: 10.1186/1475-2891-11-71] [Medline:
22978828]

Carter B, Gray LJ, Troughton J, Khunti K, Davies MJ. Fruit and vegetable intake and incidence of type 2 diabetes mellitus:
systematic review and meta-analysis. Br Med J2010 Aug 18;341:¢4229 [FREE Full text] [doi: 10.1136/bmj.c4229] [Medline:
20724400]

Bazzano LA, Li TY, JoshipuraKJ, Hu FB. Intake of fruit, vegetables, and fruit juices and risk of diabetesin women.
Diabetes Care 2008 Jul;31(7):1311-1317 [FREE Full text] [doi: 10.2337/dc08-0080] [Medline: 18390796]

Salas-Salvadd J, Martinez-Gonzélez M, Bullé M, Ros E. Therole of diet in the prevention of type 2 diabetes. Nutr Metab
Cardiovasc Dis 2011 Sep;21 Suppl 2:32-48. [doi: 10.1016/j.numecd.2011.03.009] [Medline: 21745730]

Katsanis J, Newman-Smith KC. Sleepless no more: techniques and interventions for sleep disorders. Athens J Health 2015
Feb 28;2(1):9-20. [doi: 10.30958/ah.2-1-1]

Feng F, Zhang Y, Hou J, Cai J, Jiang Q, Li X, et al. Can music improve sleep quality in adults with primary insomnia? A
systematic review and network meta-analysis. Int JNurs Stud 2018 Jan;77:189-196. [doi: 10.1016/j.ijnurstu.2017.10.011]
[Medline: 29100201]

Insomnia: relaxation techniques and sleeping habits. Informed Health. 2017. URL : https.//www.ncbi.nlm.nih.gov/books/
NBK 279320/ [accessed 2021-10-04]

Too early to get up, too late to get back to sleep. Harvard Health Publishing. 2020. URL: https://www.health.harvard.edu/
staying-healthy/too-early-to-get-up-too-late-to-get-back-to-sleep [accessed 2021-10-04]

Miller CB, Espie CA, Epstein DR, Friedman L, Morin CM, Pigeon WR, et al. The evidence base of sleep restriction therapy
for treating insomnia disorder. Sleep Med Rev 2014 Oct;18(5):415-424. [doi: 10.1016/j.smrv.2014.01.006] [Medline:
24629826]

Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al. Physical activity/exercise and diabetes:
a position statement of the american diabetes association. Diabetes Care 2016 Nov;39(11):2065-2079 [FREE Full text]
[doi: 10.2337/dc16-1728] [Medline: 27926890]

Exercise for diabetes and get aleg up. American Diabetes Association. 2020. URL : https://www.diabetes.org/fithess
[accessed 2021-10-04]

Benefits of exercise and physical activity. Allina Health. 2019. URL: https://www.allinahealth.org/
health-conditions-and-treatments/heal th-li brary/pati ent-educati on/predi abetes/exer ci se-and-physi cal -activity [accessed
2021-10-04]

MigalaJ. Reversing diabetes through weight loss: how much should you lose? Everyday Health. 2017. URL : https:.//www.
everydayheal th.com/type-2-diabetes/treatment/can-type-2-diabetes-reversed-through-weight-loss/ [accessed 2021-10-04]
Different types of physical activity. Health Hub, Ministry of Health, Singapore. 2020. URL : https://www.heal thhub.sg/
live-healthy/387/TypesOf Activities [accessed 2021-10-04]

https:/formative.,jmir.org/2021/12/e27956 JMIR Form Res 2021 | vol. 5 | iss. 12 [€27956 | p.142

RenderX

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(17)30328-0
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(17)30328-0
http://dx.doi.org/10.1016/S2215-0366(17)30328-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28888927&dopt=Abstract
https://mhealth.jmir.org/2018/5/e111/
http://dx.doi.org/10.2196/mhealth.8866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29743152&dopt=Abstract
https://www.healthhub.sg/live-healthy/386/150minutes
https://www.healthhub.sg/live-healthy/386/150minutes
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-789
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-789
http://dx.doi.org/10.1186/1471-2458-14-789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25086646&dopt=Abstract
https://www.channelnewsasia.com/singapore/diabetes-singapore-to-host-global-ministerial-conference-922466
https://www.channelnewsasia.com/singapore/diabetes-singapore-to-host-global-ministerial-conference-922466
https://www.joslin.org/patient-care/diabetes-education/diabetes-learning-center/what-pre-diabetes#
https://www.joslin.org/patient-care/diabetes-education/diabetes-learning-center/what-pre-diabetes#
https://www.mayoclinic.org/diseases-conditions/prediabetes/diagnosis-treatment/drc-20355284
https://www.mayoclinic.org/diseases-conditions/prediabetes/diagnosis-treatment/drc-20355284
https://www.wjgnet.com/1948-9358/full/v6/i4/613.htm
http://dx.doi.org/10.4239/wjd.v6.i4.613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25987958&dopt=Abstract
http://europepmc.org/abstract/MED/23427333
http://dx.doi.org/10.3945/jn.112.172171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23427333&dopt=Abstract
https://doi.org/10.3389/fendo.2013.00090
http://dx.doi.org/10.3389/fendo.2013.00090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23888154&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-11-71
http://dx.doi.org/10.1186/1475-2891-11-71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22978828&dopt=Abstract
http://europepmc.org/abstract/MED/20724400
http://dx.doi.org/10.1136/bmj.c4229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20724400&dopt=Abstract
http://europepmc.org/abstract/MED/18390796
http://dx.doi.org/10.2337/dc08-0080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18390796&dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2011.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21745730&dopt=Abstract
http://dx.doi.org/10.30958/ajh.2-1-1
http://dx.doi.org/10.1016/j.ijnurstu.2017.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29100201&dopt=Abstract
https://www.ncbi.nlm.nih.gov/books/NBK279320/
https://www.ncbi.nlm.nih.gov/books/NBK279320/
https://www.health.harvard.edu/staying-healthy/too-early-to-get-up-too-late-to-get-back-to-sleep
https://www.health.harvard.edu/staying-healthy/too-early-to-get-up-too-late-to-get-back-to-sleep
http://dx.doi.org/10.1016/j.smrv.2014.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24629826&dopt=Abstract
http://europepmc.org/abstract/MED/27926890
http://dx.doi.org/10.2337/dc16-1728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27926890&dopt=Abstract
https://www.diabetes.org/fitness
https://www.allinahealth.org/health-conditions-and-treatments/health-library/patient-education/prediabetes/exercise-and-physical-activity
https://www.allinahealth.org/health-conditions-and-treatments/health-library/patient-education/prediabetes/exercise-and-physical-activity
https://www.everydayhealth.com/type-2-diabetes/treatment/can-type-2-diabetes-reversed-through-weight-loss/
https://www.everydayhealth.com/type-2-diabetes/treatment/can-type-2-diabetes-reversed-through-weight-loss/
https://www.healthhub.sg/live-healthy/387/TypesOfActivities
https://www.healthhub.sg/live-healthy/387/TypesOfActivities
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Dhinagaran et &

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.
62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Christmann CA, Hoffmann A, Bleser G. Stress management apps with regard to emotion-focused coping and behavior
change techniques: a content analysis. IMIR Mhealth Uhealth 2017 Feb 23;5(2):e22 [EREE Full text] [doi:
10.2196/mhesalth.6471] [Medline: 28232299]

Stress management: breathing exercises for relaxation. Michigan Medicine, University of Michigan Health. 2020. URL :
https://www.uofmhealth.org/health-library/uz2255 [accessed 2021-10-04]

Getting started with mindfulness. Mindful. 2020. URL : https://www.mindful .org/meditation/mindful ness-getting-started/
[accessed 2021-10-04]

Varvogli L, Darviri C. Stress Management Techniques: evidence-based procedures that reduce stress and promote health.
Health Sci J 2011;5(2):74-89 [FREE Full text]

Michie S, van Stralen MM, West R. The behaviour change wheel: anew method for characterising and designing behaviour
changeinterventions. Implement Sci 2011 Apr 23;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing transational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/}.jbi.2008.08.010] [Medline: 18929686]

Stevanovic D. Quality of Life Enjoyment and Satisfaction Questionnaire-short form for quality of life assessmentsin clinical
practice: a psychometric study. J Psychiatr Ment Health Nurs 2011 Oct;18(8):744-750. [doi:
10.1111/j.1365-2850.2011.01735.x] [Medline: 21896118]

The next set of questions ask about what you think of your risk or chance for getting diabetes. Michigan Diabetes Research
Centre. URL: http://www.med.umich.edu/borc/profs/documents/svi/RPS-DDwritten.pdf [accessed 2021-09-20]

Food frequency questionnaires. NIHR Cambridge Biomedical Research Centre. URL : https://dapa-toolkit.mrc.ac.uk/diet/
subjective-methods/food-frequency-questionnaire [accessed 2021-09-20]

Guidelines for data processing and analysis of the International Physical Activity Questionnaire (ipag). e International
Physical Activity Questionnaire. 2004. URL: https://www.physio-pedia.com/images/c/c7/

Quidelines for_interpreting_the IPAQ.pdf [accessed 2021-09-20]

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Res 1989 May;28(2):193-213. [doi: 10.1016/0165-1781(89)90047-4] [Medline:
2748771]

Cohen S, Kamarck T, Mermelstein R. Perceived stress scale. APA PsycTests 1983;10(2):5. [doi: 10.1037/t02889-000]
Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, PAFS consensus group. CONSORT 2010
statement: extension to randomised pilot and feasibility trials. BMJ 2016 Oct 24;355:15239 [FREE Full text] [doi:
10.1136/bmj.i5239] [Medline: 27777223]

Elmasri D, Maeder A. A Conversational Agent for an Online Mental Health Intervention. In: Brain Informatics and Health.
Cham: Springer; 2016.

Wang H, Zhang Q, Ip M, Fai Lau JT. Socia media—based conversational agents for health management and interventions.
Computer 2018 Aug;51(8):26-33. [doi: 10.1109/mc.2018.3191249]

Kocielnik R, Xiao L, Avrahami D, Hsieh G. Reflection companion: aconversational system for engaging usersin reflection
on physical activity. Proc ACM Interact Mob Wearable Ubiquitous Technol 2018 Jun;2(2):1-26. [doi: 10.1145/3214273]
Comendador BE, Francisco BM, MedenillaJS, Nacion SM, Serac TB. Pharmabot: a pediatric generic medicine consultant
chatbot. J Autom Control Eng 2015;3(2):137-140. [doi: 10.12720/joace.3.2.137-140]

Kowatsch T, Volland D, Shih I, Riegger D, Kunzler F, Barata F. Design and evaluation of a mobile chat app for the open
source behavioral health intervention platform MobileCoach. In: Designing the Digital Transformation. Cham: Springer;
2017.

L'Allemand D, Shih C, Heldt K, Buchter D, Brogle B, Ruegger D. Design and interim evaluation of a smartphone app for
overweight adolescents using a behavioural health intervention platform. Obesity Reviews (Suppl 1) 2018:102.

Cheng A, Raghavaraju V, Kanugo J, Handrianto Y, Shang Y. Development and evaluation of a healthy coping voice
interface application using the Google home for elderly patients with type 2 diabetes. In: Proceedings of the 2018 15th
|EEE Annual Consumer Communications & Networking Conference (CCNC). 2018 Presented at: 2018 15th | EEE Annual
Consumer Communications & Networking Conference (CCNC); Jan 12-15, 2018; Las Vegas, NV, USA. [doi:
10.1109/ccne.2018.8319283]

Saarem A. Why would | talk to you. Norwegian University of Science and Technology. URL : https://www.ntnu.edu/
documents/139799/1273574286/ T PD4505.AnneCathrine. Saarem. pdf/c440276a-8¢77-41f0-8f97-dc8ed 7a34a9d [accessed
2021-07-17]

Brahnam S, Weaver M. Re/framing virtual conversational partners: afeminist critique and tentative move towards a new
design paradigm. In: Design, User Experience, and Usability: Users and Interactions. Cham: Springer; 2015.

Griol D, Molina J, Callgjas Z. Towards emotionally sensitive conversational interfaces for e-therapy. In: Artificial
Computation in Biology and Medicine. Cham: Springer; 2015.

Teo AR, Liebow SB, Chan B, Dobscha SK, Graham AL. Reaching those at risk for psychiatric disorders and suicidal
ideation: facebook advertisements to recruit military veterans. IMIR Ment Health 2018 Jul 05;5(3):€10078 [EREE Full
text] [doi: 10.2196/10078] [Medline: 29980498]

https:/formative.,jmir.org/2021/12/e27956 JMIR Form Res 2021 | vol. 5 | iss. 12 [€27956 | p.143

(page number not for citation purposes)


https://mhealth.jmir.org/2017/2/e22/
http://dx.doi.org/10.2196/mhealth.6471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28232299&dopt=Abstract
https://www.uofmhealth.org/health-library/uz2255
https://www.mindful.org/meditation/mindfulness-getting-started/
https://www.researchgate.net/publication/236685932_Stress_Management_Techniques_evidence-based_procedures_that_reduce_stress_and_promote_health_Varvogli_L_Darviri_C
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2850.2011.01735.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21896118&dopt=Abstract
http://www.med.umich.edu/borc/profs/documents/svi/RPS-DDwritten.pdf
https://dapa-toolkit.mrc.ac.uk/diet/subjective-methods/food-frequency-questionnaire
https://dapa-toolkit.mrc.ac.uk/diet/subjective-methods/food-frequency-questionnaire
https://www.physio-pedia.com/images/c/c7/Quidelines_for_interpreting_the_IPAQ.pdf
https://www.physio-pedia.com/images/c/c7/Quidelines_for_interpreting_the_IPAQ.pdf
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2748771&dopt=Abstract
http://dx.doi.org/10.1037/t02889-000
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=27777223
http://dx.doi.org/10.1136/bmj.i5239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27777223&dopt=Abstract
http://dx.doi.org/10.1109/mc.2018.3191249
http://dx.doi.org/10.1145/3214273
http://dx.doi.org/10.12720/joace.3.2.137-140
http://dx.doi.org/10.1109/ccnc.2018.8319283
https://www.ntnu.edu/documents/139799/1273574286/TPD4505.AnneCathrine.Saarem.pdf/c440276a-8c77-41f0-8f97-dc8e47a34a9d
https://www.ntnu.edu/documents/139799/1273574286/TPD4505.AnneCathrine.Saarem.pdf/c440276a-8c77-41f0-8f97-dc8e47a34a9d
https://mental.jmir.org/2018/3/e10078/
https://mental.jmir.org/2018/3/e10078/
http://dx.doi.org/10.2196/10078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29980498&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Dhinagaran et &

74.

75.

76.

77.

78.

Kayrouz R, Dear BF, Karin E, Titov N. Facebook as an effective recruitment strategy for mental health research of hard
to reach populations. Internet Interv 2016 May;4:1-10 [FREE Full text] [doi: 10.1016/j.invent.2016.01.001] [Medline:
30135786]

Kwan RY, Lee D, Lee PH, Tse M, Cheung DS, Thiamwong L, et al. Effects of an mhealth brisk walking intervention on
increasing physical activity in older people with cognitive frailty: pilot randomized controlled trial. IMIR Mhealth Uhealth
2020 Jul 31;8(7):e16596 [FREE Full text] [doi: 10.2196/16596] [Medline: 32735218]

Sharman A, Zhussupov B, Sharman D, Kim |. Evaluating mobile apps and biosensing devices to monitor physical activity
and respiratory function in smokers with and without respiratory symptoms or chronic obstructive pulmonary disease:
protocol for a proof-of-concept, open-label, feasibility study. IMIR Res Protoc 2020 Mar 26;9(3):€16461 [FREE Full text]
[doi: 10.2196/16461] [Medline: 32213479]

Carter-Harris L, Bartlett EllisR, Warrick A, Rawl S. Beyond traditional newspaper advertisement: leveraging
facebook-targeted advertisement to recruit long-term smokers for research. J Med Internet Res 2016 Jun 15;18(6):€117
[FREE Full text] [doi: 10.2196/jmir.5502] [Medline: 27306780]

Whitaker C, Stevelink S, Fear N. The use of facebook in recruiting participants for health research purposes: a systematic
review. JMed Internet Res 2017 Aug 28;19(8):€290 [FREE Full text] [doi: 10.2196/jmir.7071] [Medline: 28851679]

Abbreviations

IPAQ: International Physical Activity Questionnaire
MET: metabolic equivalent of task

PSQI: Pittsburgh Sleep Quality Index

QoL : quality of life

REDCap: Research Electronic Data Capture

Edited by G Eysenbach; submitted 15.02.21; peer-reviewed by W Peng, F Ghezelbash; comments to author 30.07.21; revised version
received 09.08.21; accepted 24.08.21; published 03.12.21.

Please cite as.

Dhinagaran DA, Sathish T, Soong A, Theng YL, Best J, Tudor Car L

Conversational Agent for Healthy Lifestyle Behavior Change: Web-Based Feasibility Sudy
JMIR Form Res 2021;5(12):€27956

URL: https:.//formative.jmir.org/2021/12/e27956

doi:10.2196/27956

PMID: 34870611

©Dhakshenya Ardhithy Dhinagaran, Thirunavukkarasu Sathish, AiJia Soong, Yin-Leng Theng, James Best, Lorainne Tudor Car.
Originaly published in IMIR Formative Research (https://formative.jmir.org), 03.12.2021. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Formative
Research, isproperly cited. The complete hibliographic information, alink to the original publication on https.//formative.jmir.org,
aswell asthis copyright and license information must be included.

https:/formative.,jmir.org/2021/12/e27956 JMIR Form Res 2021 | vol. 5 | iss. 12 [€27956 | p.144

RenderX

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)00002-6
http://dx.doi.org/10.1016/j.invent.2016.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135786&dopt=Abstract
https://mhealth.jmir.org/2020/7/e16596/
http://dx.doi.org/10.2196/16596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32735218&dopt=Abstract
https://www.researchprotocols.org/2020/3/e16461/
http://dx.doi.org/10.2196/16461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32213479&dopt=Abstract
https://www.jmir.org/2016/6/e117/
http://dx.doi.org/10.2196/jmir.5502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27306780&dopt=Abstract
https://www.jmir.org/2017/8/e290/
http://dx.doi.org/10.2196/jmir.7071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28851679&dopt=Abstract
https://formative.jmir.org/2021/12/e27956
http://dx.doi.org/10.2196/27956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34870611&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH van Barneveld et &

Original Paper

Patient-Reported Outcome Measure for Real-time Symptom
Assessment in Women With Endometriosis: Focus Group Study

Esther van Barneveld!, MD; Arianne Lim*, MD, PhD; Nehalennia van Hanegem®, MD, PhD; Lisa Vork*®, MD;
AlexandraHerrewegh®’, MD; Mikal van Pol1®, MD; JessicaManders®, MD; Fritsvan Osch>®, PhD; Wilbert Spaans*?,
MD; Gommert van Koeveringe®’, MD, PhD; Desiree Vrijens®’, MD, PhD; Joanna Kruimel*®, MD, PhD; Marlies
Bongers"**°, MD, PhD; Carsten Leue”*!, MD, PhD

lDepartment of Gynaecology and Obstetrics, Maastricht University Medical Centre+, Maastricht, Netherlands

2Grow School of Oncol ogy and Developmental Biology, Maastricht University, Maastricht, Netherlands

3Department of Gynaecology and Obstetrics, University Medical Centre Utrecht, Utrecht, Netherlands

4Department of Internal Medicine, Division of Gastroenterology and Hepatology, Maastricht University Medical Centre+, Maastricht, Netherlands
SNUTRIM School of Nutrition and Translational Research in Metabolism, Maastricht University, Maastricht, Netherlands
6Depa\rtment of Urology, Maastricht University Medical Centre+, Maastricht, Netherlands

7school for Mental Health and Neuroscience (MeHNS), Maastricht University, Maastricht, Netherlands

8Maastricht Univers ty, Maastricht, Netherlands

9Department of Clinical Epidemiology, VieCuri Medical Centre, Venlo, Netherlands

10Department of Gynaecology and Obstetrics, MaximaMedical Centre, Veldhoven, Netherlands

11Department of Psychiatry and Psychology, Maastricht University Medical Centre+, Maastricht, Netherlands

Corresponding Author:

Esther van Barneveld, MD

Department of Gynaecology and Obstetrics
Maastricht University Medical Centre+

P. Debyelaan 25

Maastricht, 6229 HX

Netherlands

Phone: 31 433876543

Email: esthervb@gmail.com

Abstract

Background: Symptoms related to endometriosis have a significant impact on the quality of life, and symptoms often recur.
The experience sampling method (ESM), adigital questioning method characterized by randomly repeated momentary assessments,
has several advantages over traditionally used measurements, including the ability to assess the temporal relationship between
variables such as physical, mental, and social factors.

Objective: The aim of this study is to develop an ESM tool for patients with endometriosis to accurately measure symptoms
and their course over time, allowing for personalized treatment and adequate monitoring of treatment efficacy in individual
patients.

Methods: On the basis of international guidelines, itemsfrom validated questionnaires were selected through aliterature review
and during focus groups and multidisciplinary expert meetings. Dataanalysiswas conducted using ATLAS.ti (ATLAS.ti Scientific
Software Development GmbH). The feasibility and usability of the newly developed momentary assessment tool were tested for
28 consecutive daysin 5 patients with endometriosis-related pain symptoms.

Results: Momentary assessment items contained questions concerning endometriosis symptoms, general somatic symptoms,
psychological symptoms, contextua information, and the use of food and medication. A morning questionnaire on sleep and
sexuality wasincluded. In apilot study, the patients considered the tool easy to use but time consuming. The average compliance
rate of momentary assessments was 37.8% (106/280), with the highest completion rate during the first week (39/70, 56%).
Therefore, it is advisable to use the ESM for a maximum of 7 days.
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Conclusions: A new digital tool for endometriosis symptom assessment was devel oped using the ESM, which may help overcome
the limitations of current retrospective questionnaires. After validation and testing, future studies will be planned to evaluate the
use of thistool in aclinical setting in order to propose a personalized treatment plan for women with endometriosis.

(JMIR Form Res 2021;5(12):e28782) doi:10.2196/28782

KEYWORDS

endometriosis; pelvic pain; positive affect; negative affect; patient-reported outcome measure; focus groups; experience sampling

method; momentary symptom assessment; mobile phone

Introduction

Background

Endometriosis is defined as an estrogen-dependent condition
involving the endometrium-like tissue outside the uterus [1]. It
is estimated to be prevalent among approximately 10% in
women of reproductive age and up to 50% in women with
chronic pelvic pain (CPP) or fertility problems [2,3].
Dysmenorrhea, CPP, dyspareunia, fatigue, and infertility are
theleading symptoms[4,5], which have asignificant social and
psychological impact, decreasing the quality of life of the
patients [6-8]. Furthermore, the annual economic burden of
women with endometriosis in European countries is high and
similar to that of other chronic conditions [8]. The severity of
the disease, as well as pelvic pain, infertility, and a higher
number of years since diagnosis, are associated with higher
costs of societal relevance given that these symptoms affect
physical, mental, sexual, and socia well-being, aswell aswork
productivity [8-10].

Endometriosis is currently managed by surgical or medical
interventions; however, approximately 50% of women have
recurrent symptoms over a period of 5 years [11]. Moreover,
the extent of endometriosisis not directly related to the degree
of the symptoms [12], which suggests that the perception of
symptoms may aso be influenced by psychologica and
emotional distress[13-15].

Objective

Stratified and more individualized therapeutic approaches are
needed to maximize treatment efficacy and improve physical,
mental, sexual, and social well-being [8-10,16]. To do so, a
reliable assessment of endometriosis-related symptoms is
essential. Current guidelinesfor symptom assessment in patients
with endometriosisinclude the recommendations of the Initiative
on Methods, Measurement, and Pain Assessment in Clinical
Trials[17] and the American Society for Reproductive Medicine
[18]. The former has made recommendations for clinical
outcomesin paintrials[17], including pain measured in 0to 10
scales, physical functioning, emotional functioning, symptoms,
and adverse events. For patients with endometriosis, the
American Society for Reproductive Medicine[18] recommends
daily ratings of pelvic pain, daily ratings of dysmenorrhea, and
the Endometriosis Health Profile-30 (EHP-30) [19]. Currently,
there is no available assessment tool for al contextual factors
that could influence endometriosis complaints, including
symptom triggers and overlapping symptoms with other
comorbidities. Furthermore, validated questionnaires such as
the EHP-30 are retrospective. The experience sampling method

https://formative.jmir.org/2021/12/e28782

(ESM) is an electronic questioning method characterized by
randomly repeated self-reports on symptoms, activities,
emotions, or other elements of real-time daily life [20]. This
momentary assessment method has several advantages, including
the ability to assessthetemporal relationship between variables,
high ecological validity, and highly detailed information on the
experiences of the subjects. This method aims to provide
self-insight, personalized treatment approaches, and adequate
monitoring of the effectiveness of these treatmentsin individual
patients. Usualy, this method is made available by the use of
amobile app [20-22].

Following the previous development of an ESM tool for
psychiatric conditions [20], irritable bowel syndrome (IBS)
[22-24], functional dyspepsia [25], and overactive bladder
syndrome [26], we aimed to develop an ESM assessment tool
for patients with endometriosis.

Methods

Overview

This study was conducted between August 2018 and September
2019 and consisted of 5 consecutive phases: initial item
selection, focus group interviews to consider input from the
patients, critical evaluation through expert meetings,
devel opment of the smartphone app, and apilot study to evaluate
feasibility and usability. This study was approved by the
Institutional Review Board Ethics Committee of the Maastricht
University Medical Centre (MUMC+), Maastricht, the
Netherlands (Ref 2018-0674; 2019-1069), and the Méaxima
Medical Centre, Veldhoven, the Netherlands (Ref 18.122;
L 19.048).

Phase|: Question Selection

In agreement with the guidelines of the Food and Drug
Administration on patient-reported outcome measure (PROM)
development, item selection for the questionnaire started with
aninitial draft onthe basis of theliterature of validated outcome
measures[27,28]. ESM-specific items concerning psychological,
social, and environmental factors were derived from previous
ESM validation studies [20-23]. Disease-specific items
concerning the quality of life, affective symptoms, and
disease-specific symptoms were derived from validated
retrospective questionnaires (the Short Form-36, EHP-30,
European Quality of Life-5 Dimensions, Generalized Anxiety
Disorder-7, Patient Heal th Questionnaire-9, and Gastrointestinal
Symptom Rating Scale-IBS). A list was created with all
potentially relevant items from these questionnaires. The
phrasing of the itemswas adjusted to conform to the momentary
aspects of ESM assessments. The complete list of items was
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discussed with a multidisciplinary expert team consisting of
gynecologists, endometriosis experts, urologists, apsychiatrist,
a gastroenterologist, and a representative of the Dutch
endometriosis patient organization. All theitemswere discussed
for potential relevance. In addition, the experts were asked in
an open discussion whether there were any relevant items
missing according to their field of expertise.

Phase | l: Focus Groups

Focus Group Recruitment

Premenopausal patients with endometriosis (diagnosed by
physical examination and imaging techniques or |aparoscopy)
aged =18 years were recruited by gynecologists from the ward
of the outpatient gynecology department at the MUMC+ or the
MéaximaMedical Center. Furthermore, patients were recruited
through adverti sements on the Dutch endometriosisfoundation
website. Pregnant women and patients with any organic
explanation for CPP besides endometriosis were not eligible
for participation. Furthermore, participants had to be able to
speak and understand written Dutch, as the focus groups were
conducted in this language. Written informed consent was
obtained from all participants before the study.

Focus Group Organization

Thefocus groups were conducted according to the international
PROM devel opment guidelines[27] and the literature on focus
group interviews [28]. For each focus group, 6 to 10 patients
wereinvited, and 90-minute sessionswere scheduled. Thefocus
groups were conducted in 2 meeting phases according to the
focus group guidelines [28], with the guidance of a moderator
(EB) and at |east one assistant moderator (AL, MP). In thefirst
meeting phase, an open discussion, the participants were
instructed to bring forward every item they considered essential
for use in areal-time symptom assessment tool. In the second
meeting phase, all items derived from theinitial draft instrument
were discussed in a structured manner. The patients could
confirm or criticize the item value for momentary assessments
and discussed the phrasing of the questions and the answer
options. The focus groups were scheduled one meeting by one
until saturation of input was reached, that is, the moment that
the meetings no longer contributed any new items or information
[25,26].

Statistical Analysis

The focus group discussions were voicerecorded and
transcribed (JM). Data were qualitatively reviewed and
systematically analyzed using ATLAS.ti software (ATLASLI
Scientific Software Development GmbH; workbench for the
qualitative analysis of large bodies of data, eg, textual, audio,
and video). Each item was grouped by domain, and all domain
items were clustered. When synonyms of items were used, the
most frequently mentioned item was selected for the
guestionnaire.

Phaselll: Expert Meeting

A final meeting with a multidisciplinary expert team (Phasell:
Question Selection) was arranged to select the items to be used
in the final questionnaire. The primary goal of the expert
meeting was to critically discuss and convert the findings from
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the focus groups to generate applicable questions for clinical
practice. A second goal wasto shorten the list of ESM itemsto
minimize response fatigue and, therefore, noncompliance of
patients. All items that were included after the ATLASLi
analysis of the focus group data were discussed for relevance
until amajority wasreached. In addition, the expertswere asked
in an open discussion whether there were any relevant items
missing according to their field of expertise (ie, urology,
gastroenterology, psychiatry, and gynecology).

Phase | V: Development of a Smartphone App

The smartphone app MEASURE (Maastricht Electronic
Abdominal Symptom Reporting) was previously created by
MEMIC, the center for data and information management at
the Faculty of Health, Medicine, and Life Sciences of the
Maastricht University and the MUMC+. The app can measure
real-time experiences in daily life using the concept of ESM.
MEASURE has been described in previous research and has
been adjusted for patients with endometriosis using the questions
that were selected in the final expert meeting [22-26].

Phase V: Pilot Study

The usability of the MEA SURE app has been thoroughly tested
in patients with IBS. However, as we adapted the questions to
an endometriosis-specific tool, we decided to conduct a pilot
study with 5 patients with endometriosis to test the feasibility
and usability of these changes to the tool. Given that
endometriosis symptoms fluctuate during the menstrua cycle,
we amed to test whether collecting ESM datafor 28 consecutive
days was feasible [4,10]. Premenopausal women aged at |east
18 years and diagnosed with endometriosis were recruited via
the ward of the outpatient gynecology department of the
MUMCH+ or the M&xima Medical Center. The inclusion and
exclusion criteriawere similar to those in phase 11, and written
informed consent was obtained before participation. During the
study period, ESM assessmentswere conducted on the patients
smartphones using the MEASURE app. Because the sampling
procedure should cover arange of waking hours and activities,
the momentary assessments started after 7:30 AM and finished
before 10:30 PM. The app sent out a notification at 10 random
moments during the day, each within a 90-minute time frame,
after which the patients could complete the identical electronic
self-reports. To minimize the extent to which data were
influenced by retrospective biases, the participants had to
respond to the notification within the requested time frame (10
minutes). After this period, which has also been described in
other studies [20,29], it was no longer possible to start the
assessment. Past research hastypically used 5 to 10 assessments
per day to measure real-time experiencesin daily life [29,30].
As missing entries were expected, we also analyzed the rates
of compliance of at least 3 out of 10 assessments each day. The
participants were called on the second study day to check for
technical difficultiesand to ensure that the questionswere clear.
The patients were called and interviewed after 2 weeks and at
the end of the pilot study to collect feedback concerning the
logistics, usability, and content of the questionnaire.
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Results

Phase |: Question Selection

Figure 1 systematically describes the development of a
momentary PROM. During question selection, 54 items
concerning psychological, social, and environmental factors
were derived from questions used in previous ESM validation
studies [20-23], whereas 30 items were derived from validated
retrospective questionnaires (the Short Form-36, EHP-30,
European Quality of Life-5 Dimensions, Generalized Anxiety
Disorder-7, Patient Heal th Questionnaire-9, and Gastrointestinal
Symptom Rating Scale-1BS) and made suitable for momentary

van Barneveld et al

assessment. Seven questions regarding physica  and
endometriosi s-specific symptoms were added through aclinical
literature search [ 1-5]. During the expert meeting, 13 itemswere
excluded on the basis of relevance. Validated scales such asthe
Bristol Stool Chart (usedinthe ESM tool for patientswith IBS)
and a urological urgency scale were added to make it possible
to compare data from patients with endometriosis and patients
with other chronic abdominal pain [31,32]. A total of 78 ESM
guestions were selected concerning different domains:
endometriosis-specific symptoms, general somatic symptoms,
deep, sexuality, mood and psychological factors, social and
contextual factors, and use of nutrition and medication.

Figure 1. Process of patient-reported outcome measure development. ESM: experienced sampling method; PROM: patient reported outcome measure.
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Phasell: Focus Groups

Overview

The characteristics of the women who participated in the focus
group meetings are summarized in Table 1. A total of 19 patients
initially agreed to participate in the focus groups; however, only

https://formative.jmir.org/2021/12/e28782

RenderX

14 were present. Thereasonsfor cancelation wereillness (n=2),
other plans (n=1), and family-related issues (n=1). One patient
did not report any reason for the cancelation. The age of the
participantsranged from 23to 41 years. Saturation of input was
reached after 3 focus groups. After the ATLASL analysis of
focus group data, the questionnaire comprised 56 items.
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Table 1. Baseline characteristics.

van Barneveld et al

Variable

Study group
Focus groups (n=14)

Pilot study (n=5)

Sociodemographic

Age (years), mean (SD) 37.1(6.7) 35.6 (5.6)

Level of education, n (%)

High school 1(7) 0(0)
College or university 13(93) 5 (100)
Occupational status, n (%)
Student 1(7) 0(0)
Unemployed 3(21) 2 (40)
Employed 10(72) 3(60)
Relationship status, n (%)
Single 1(7) 1(20)
In relationship 13 (93) 4 (80)
Anthropometric
BMI (kg/m?), mean (SD) 27.6 (4.7) 265 (5.7)
Medical, n (%)

Use of hormonal medication 12 (86) 4 (80)
Oral contraceptives 4(29) 2 (40)
MirenaluD? 4(29) 0(0)
Progestins 1(7) 0(0)
GnRHP 4(29) 2 (40)

Regular use of pain medication 11 (79) 5 (100)

Surgery for endometriosis 11(79) 3(60)

Infertility 5(36) 1(20)

Use of psychiatric medication 2(19) 0(0)

Traumatic life event in past 3(21) 1(20)

& UD: intrauterine device.
PGnRH: gonadotrophin-releasing hormone.

Morning Questionnaire

Women with endometriosis and deep dyspareunia have been
found to have lower sexual quality of life, presenting with
impaired sexual functioning and decreased satisfaction, which,
in turn, can negatively affect personal relationships [33].
Questions concerning sexual activity or avoidance were adapted
from the modular dimension Sexual intercourse of the EHP-30.
Furthermore, the patients considered questions regarding sleep
relevant to the general state of well-being. These questionswere
added to the morning questionnaire, as it was considered
unnecessary to assess these items repeatedly during the day
[34].

Momentary Assessments

Most of the answer optionswere presented in the numeric rating
scalefrom Oto 10. However, some questions had answer options
on ascale of —5to +5. The list of questions was shortened by

https://formative.jmir.org/2021/12/e28782

creating subquestions in the case of positive answers. In this
matter, questions regarding sexual intercourse, urination, and
defecation were asked retrospectively to check whether or not
they occurred. If complaintsarose, the follow-up questionswere
asked. The patients stated that the extent of vaginal blood loss
was an important issue; however, they also noted that, in the
case of absence of amenstrual cycle or after hysterectomy, they
did not like to answer any questions regarding blood loss. This
was solved by creating a one-off questionnaire on the menstrual
cycleafter downloading the app. The general somatic questions
concerned symptoms as part of a psychosomatic syndrome or
caused by the side effects of medication. Questions regarding
psychological components were added. These questions
concerned both negative and positive affect [20,35,36]. Social
and contextual items were added because they could influence
physical and emotional well-being and, therefore, the severity
of the complaints[20,37]. Questions regarding food intake, use
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of pain medication, and alcohol consumption were considered
essential for influencing pain symptoms or general well-being.

Phaselll: Expert meeting

During the final expert meeting, 6 items were excluded and 1
item was added. The question “How many times did you wake
up last night?” was excluded on the basis of relevance, as the
quality of sleep and the reason for waking up had already been
assessed. In the psychological items, the questions | feel lonely
and | feel insecure were excluded to shorten the list.
Furthermore, the ATLAS.ti analysis reveaed that these items
were mentioned less frequently by patients. Three questions

van Barneveld et al

with synonyms regarding energy level (feeling tired, feeling
lifeless, and feeling energetic) were adapted to 1 question. The
final questionnaire consisted of 51 items (Figure 1). The
domains defined during the question selection phase were
retained. The number of ESM items varied depending on the
answers given by the patients. A morning questionnaire
comprised a minimum of 4 and a maximum of 7 questions and
included information about sleep and sexuality. Momentary
assessments regarding the remaining domains comprised a
minimum of 31 and amaximum of 42 items. Table 2 showsthe
number of questions per category. Two questions were added
to aone-off questionnaire on the menstrual cycles of the patients.

Table 2. Number of experience sampling method (ESM) questions per category.

Category

Maximum number of ESM questions

One-off questionnaire
Menstrual cycle

Morning questionnaire
Sleep
Sexuality

Momentary assessment
Endometriosis-specific symptoms
General somatic symptoms
Mood and psychological factors
Social and contextual factors

Use of nutrition and medication

g o N N

Phase | V: Development of a Smartphone App

The final questionnaire that was built into the smartphone app
MEASURE islisted in Englishin Multimedia Appendix 1. This
guestionnairewas originally created in Dutch and was officially
translated by Medilingua tranglations; however, it has not yet
been validated in English.

Phase V: Pilot Study

Feasihility and Compliance

The characteristics of the women who participated in the pilot
study are summarized in Table 1. The morning questionnaire
took an average of 22 seconds to complete (range 11-44
seconds), and the momentary assessments took an average of

https://formative.jmir.org/2021/12/e28782

3 minutes and 2 secondsto complete (range of 72-255 seconds).
The average completion rate for the morning questionnaires
was 81% (23/28 study days). The average response rate for all
momentary assessmentswas 37.86% (530/1400 questionnaires),
with a range of 6.1% (17/280) to 56.1% (157/280) between
patients. The average completion rate for a minimum of 3
guestionnaires was 68% (19/28 study days). The response rate
was highest during the first week of the pilot study, on average,
56% (39/70) of questionnaires, with arange of 21% (15/70) to
79% (55/70) between patients. Thefirst week wasthe only week
inwhich all participants completed at least 3 questionnaires on
each study day. Figure 2 shows a histogram with the mean
number of completed beep questionnaires (momentary
assessments) per study day. In total, 0.79% (11/1400) of the
momentary assessments were started but not completed.
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Figure 2. Mean completed momentary assessments per study day. The horizontal dotted line represents the minimum of 3 completed questionnaires
per day that is needed for areliable analysis.
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(3] W

Mean completed beep-questionnaires

Interview

During interviews, the patients noted that the app was easy to
use and that the questions were clearly defined, although some
suggestions were made for clarifications or answer options.
Table 3 shows the results of the interviews with patients and

5

15 16 17 18
Study days

19 20 21

22 23 24 25 26 27 28

includes advantages and limitations. Recommendations from
these patients were aso included, and their recommendations

concerning the content were added to the final questionnaire
(Multimedia Appendix 1). There were no particular questions
that the patients did not want to answer, such as questions
concerning sexuality.

Table 3. Advantages, limitations, and recommendations mentioned by the patients that completed the pilot study (n=5).

Theme Advantages Limitations Recommendations
Usahility o« “Easytouse’ “Loading of the questionnaire «  Measure period for amaximum of 7 days:
. “Completing aquestionnaire wasslow in case of abad inter- o “During amenstrual period” (n=1)
was getting easier and faster net connection.” o “Let the patient decide when to start
over time.” measuring (when the complaints are
highest).” (n=3)

o  “Measure period for one month to be sure that
one whole menstrual cycleisincluded. Use
less questionnaires per day to improve compli-
ance” (n=1)

Content «  “Very complete” See recommendations for . “Theoption | have pain whilelaying down is
o “Thequestionsarevery clear.” missing items according to the missing.”
e “Only by filling in my symp- pilot study participants. « “l amtogether with my pet.”
tomsand activities at the same o “Theactivity: taking care of my children/fam-
time makes me aware of a ily.”
symptom pattern.” e “AddLEFT (L) and RIGHT (R) to the abdom-
« “Thisistheonly questionnaire inal pain figure.”
| know that al so contains bow-
el and bladder symptoms.”
Compliance « “Timingtentimesaday is “Work makes it difficult to o “Completing 5-7 assessments per day isfeasi-

good because then | don't feel
guilty when | miss a question-
naire.”

compl ete the questionnaires.”
“Socia activitiesmakeit diffi-
cult to complete the question-
naire.”

“Lessmotivation to fill in
questionnaires when | don’t
have any somatic complaints.”
“Lessmotivation to fill in
questionnaireswhen | am feel -
ing down.”

ble” (n=3)
“ Completing 4-5 assessments per day isfeasi-
ble” (n=2)
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Discussion

Overview

Following the development of an ESM tool specific to
psychiatric conditions [20] and gastrointestinal and urological
disorders, such as IBS, functional dyspepsia, or overactive
bladder syndrome [22-26], we developed a modern assessment
tool for patients with endometriosis. This new tool was
developed according to the international guidelines on PROM
development and comprised 5 phases: a selection of items on
the basis of a literature review, a focus group study, expert
meetings, the development of an electronic PROM using a
smartphone app, and testing of the usability and feasibility with
apilot study. During interviews, the patients noted that the app
was easy to use and that the questions were clearly defined.
During our pilot study, only 0.79% (11/1400) of all momentary
assessments were started but not completed, indicating that the
assessmentswere easy to complete and not too time-consuming.
However, completing up to 10 momentary assessments each
day was considered time-consuming and caused response fatigue
and noncompliance. During a study period of 28 days, most
assessmentswere completed during thefirst week (39/70, 56%,
in the first week vs on average 106/280, 38%, during the total
study period). Compared with other ESM studies, this
compliancerate isrelatively low, as meta-analyses have shown
completion rates of 82% to 85% [38,39]. However, comparing
datawith other ESM studiesis difficult because the absence of
methodological guidelinesrelated to the use of this method has
resulted in alarge heterogeneity of designs[39], and compliance
rates have not been reported in approximately half of the studies
[40Q]. For better compliance, fewer study days, |ess assessments
per day, and fewer items per assessment are advised [38,40].
In addition, as previous ESM studies recommend at least 3
completed questionnaires per day for areliable analysis, which
occurred consistently only during the first week of this study,
we recommend using the ESM for a maximum of 7 days [41].
However, as endometriosis can fluctuate during the menstrual
cycle, assessing patients for 4 weeks could add valuable
information and might be considered with fewer assessments

per day.
Strengths and Limitations of the ESM

The ESM has several advantages over traditionally used
assessment tools, including the ability to evaluate the temporal
relationship between variables, high ecological validity, and
highly detailed information on the experience of the subject.
Furthermore, the ESM allows for a prospective, individualized
within - person approach to symptoms and symptom formation
and to treatment outcome, which contrasts with the average
patient approach of traditional evidence-based practice[37,41].
Self-reports across multiple days and among various partici pants
provide profound and comprehensive insights into the disease
course and treatment efficacy. On the basis of this, the ESM
may also provide clues for behaviora interventions, adding
val ueto fragmented monodisciplinary treatment, which remains
refractory to responsiveness.

A limitation of the ESM isthat it isperceived astime-consuming
and requires considerable motivation on the part of the patient.

https://formative.jmir.org/2021/12/e28782
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Therefore, assessments are ideally kept as brief as possible.
Furthermore, assessments several daysin arow could encourage
rumination. Thus, on the basis of the recommendations of
previous studiesusing ESM, we suggest limiting the assessment
period to 7 days and adding items concerning positive affect
[20,35,36]. Another concern is selection bias. Not all patients
arewilling to participate or comply with study protocols using
ESM, and participation could be affected by motivation for
change in treatment. However, previous research has shown
that thismethod isfeasible for awide variety of patients[42,43].

Strengths and Limitations of PROM Development

Given that the questions in this new tool are derived from
validated questionnaires, this ESM tool designed for use in
patients with endometriosis is comparable to validated
retrospective PROMs. The use of patient focus groups according
to the international guidelines on PROM development
strengthensthe validity of the questionnaire. A limitation of our
focus group study was the limited number of patients who
participated. Although 19 patients agreed to participate, only
14 were included in the 3 focus groups. Idedly, 6 to 10
participants were scheduled for each focus group. Most
importantly, saturation of input was reached. During the pilot
study, afew recommendations were made regarding the content,
and these were added to the final questionnaire (Multimedia
Appendix 1).

Future Study Per spectives

This paper comprises the development (part 1) of anew PROM
for women with endometriosis, with the ability to assess
symptomsinreal time. The validation stage (part 11) will involve
testing the psychometric properties of this newly developed
tool. A 7-day validation study will be conducted to assess
content validity and to investigate the association with potential
triggers of physical symptoms, such as psychological, social,
and contextual factors. In the planned validation study, 25
patients with endometriosis with CPP at least 1 day per week
on average will beincluded. By letting patients start measuring
at random moments, we expect to collect enough data from
different menstrual cycle phases and that there will be sufficient
data after the use of ESM in 7 consecutive days. Datafrom this
newly developed ESM tool will be compared with frequently
used validated (retrospective) outcome measures such as the
EHP-30 questionnaire and end-of-day and end-of-week
retrospective pain scores. After validation and testing, future
studies will be planned to evaluate the use of this tool in a
clinical setting in order to propose a personalized treatment
plan.

In conclusion, in agreement with the international guidelines,
we developed a PROM for real-time symptom assessment in
women with endometriosis. This new electronic tool consists
of a morning questionnaire and momentary assessments with
questions regarding physical, mental, sexual, and social
well-being. Thistool was considered easy to use and may help
overcomethe limitations of existing retrospective questionnaires.
To minimize noncompliance, it is advised to use thistool for a
maximum of 7 days.
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Abstract

Background: Computer tools based on artificial intelligence could aid cliniciansin memory clinicsin several ways, such as by
supporting diagnostic decision-making, web-based cognitive testing, and the communication of diagnosis and prognosis.

Objective: This study aims to identify the preferences as well as the main barriers and facilitators related to using computer
toolsin memory clinicsfor al end users, that is, clinicians, patients, and care partners.

Methods: Between July and October 2020, we sent out invitations to a web-based survey to clinicians using the European
Alzheimer’s Disease Centers network and the Dutch Memory Clinic network, and 109 clinicians participated (mean age 45 years,
SD 10; 53/109, 48.6% female). A second survey was created for patients and care partners. They were invited via Alzheimer
Europe, Alzheimer’s Society United Kingdom, Amsterdam Dementia Cohort, and Amsterdam Aging Cohort. A total of 50 patients
with subjective cognitive decline, mild cognitive impairment, or dementia (mean age 73 years, SD 8; 17/34, 34% female) and 46
care partners (mean age 65 years, SD 12; 25/54, 54% femal€) participated in this survey.

Results: Most clinicians reported a willingness to use diagnostic (88/109, 80.7%) and prognostic (83/109, 76.1%) computer
tools. User-friendliness (71/109, 65.1%); Likert scale mean 4.5, SD 0.7), and increasing diagnostic accuracy (76/109, 69.7%;
mean 4.3, SD 0.7) were reported as the main factors stimulating the adoption of atool. Tools should also save time and provide
clear information on reliability and validity. Inadequate integration with electronic patient records (46/109, 42.2%; mean 3.8, SD
1.0) and fear of losing important clinical information (48/109, 44%; mean 3.7, SD 1.2) were most frequently indicated as barriers.
Patients and care partners were equally positive about the use of computer tools by clinicians, both for diagnosis (69/96, 72%)
and prognosis (73/96, 76%). In addition, most of them thought favorably regarding the possibility of using the tools themselves.

Conclusions: This study showed that computer tools in memory clinics are positively valued by most end users. For further
development and implementation, it is essential to overcome the technical and practical barriers of atool while paying utmost
attention to its reliability and validity.

(IMIR Form Res 2021;5(12):€31053) doi:10.2196/31053
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Introduction

Background

Dementia is a magjor heath problem worldwide, with its
preval ence expected to rise to 75 million patients in 2050 [1].
A timely and accurate diagnosis is essential for providing
adequate care and appropriate treatment [2]. Diagnosing
Alzheimer disease dementia or another type of dementia can
be challenging, as clinical presentations overlap and multiple
pathologies often co-occur [3,4]. Furthermore, increasing
biomarker availability creates the possibility of diagnosing the
early stages of Alzheimer disease before the onset of dementia
and pavestheway for individual dementiarisk estimation[5,6].

With the availability of many different diagnostic tests,
clinicians have the difficult task of combining and interpreting
all thetest resultsto cometo an accurate diagnosis and prognosis
[7-10] and communicating these results to patients and care
partners[5,11,12]. Despite the increasing number of diagnostic
tools, uncertainty in the diagnosis and prognosis of dementia
remains, complicating the process of clearly explaining the test
results [13]. Recent research has shown that most patients and
care partnersgreatly val ue precise information on diagnosisand
prognosis [12,14]. However, clinicians are often reluctant to
address these topics during consultations, leaving these
informational needs unmet [12,15].

Currently, artificial intelligence solutions are rapidly being
developed and can aid cliniciansin addressing these challenges
in several ways. Artificia intelligence—based computer tools
for dementia diagnosis and prognosis have demonstrated
diagnostic accuracy equal to that of clinicians performance.
These tools support individual risk estimation and increase
clinicians confidence in diagnosis and prognosis [16-19].
Web-based cognitive test tools have shown promising results,
enabling cost-effective testing [20-22]. From other medical
fields, such as oncology, we know that computer-based tools
can also support the communication process, for example, by
engaging patients and their families more actively in the
diagnostic decisions or by supporting clinicians in the clear
communication of results [23,24]. To date, the actual
implementation of such computer tools in memory clinic
practice has been limited [25,26].

Barriersand Facilitators

Several barriers to the acceptance and implementation of tools
have been identified in different health care areas. The main
concerns regarding computer tools are related to the
physician—patient relationship: the fear of interfering with this
relationship when using a tool and affecting patient
communication. Furthermore, cliniciansfear the disturbance of
clinical work and the loss of clinical autonomy when using a
tool. In addition, atime-consuming tool, atool that does not fit
into the workflow, complexity of atool, and computer literacy
have been frequently mentioned as barriers. On the other hand,
good training before the use of a tool, user-friendliness,

https://formative.jmir.org/2021/12/€31053

relevancy, transparency, and reliability are stimulating factors
in the use of acomputer tool in clinical practice [27-33].

It is not known if the same barriers and facilitators apply to
computer tools in memory clinics. The nature of the patient
population—older adults with cognitive decline—and the vast
number of diagnostic tests involved in the diagnostic process
might lead to adifferent set of relevant barriers and facilitators.
In addition, patients’ and care partners’ opinions regarding the
use of computer tools by their clinicians might be a potential
barrier to or facilitator of clinicians' use of atool.

Objective

Therefore, this study aimsto understand preferences and identify
the main barriers to and facilitators of using computer toolsin
the dementia workup from the perspectives of clinicians,
patients, and care partners, that is, the end users.

Methods

Design

We conducted 2 surveys, 1 for clinicians and 1 directed at
patients and care partners, both in the fall of 2020. In addition,
to aid the interpretation of the survey results, we conducted an
interactive panel sessionwith clinicians. The study was approved
by the medical ethical committee of the Amsterdam University
Medical Center, Vrije Universiteit Medical Center, Amsterdam.
All participants provided digitally informed consent.

Survey for Clinicians

Participants

Between July and October 2020, we invited clinicians from
memory clinicsin Europe viathe European Alzheimer’'s Disease
Consortium and the Dutch Memory Clinic network (Nederlands
Geheugenpoli Netwerk [NGN]) through emails that contained
alink to participate in the web-based survey. Furthermore, we
invited all participants during the annual NGN conference to
share their thoughtsin our web-based interactive panel session.

Survey

The survey was created in the web-based survey tool Survalyzer
(Survalyzer AG) [34] and trandlated into Dutch and English.
The survey was adaptive; that is, certain questions were only
conditionally displayed based on responses to other items.
Furthermore, participants could scroll through the survey to edit
their answers. The survey comprised 3 parts. In the first part,
we collected background information (eg, age, gender,
profession, and specialization). In the second part, we used a
funneled method to examine the current opinions on computer
tools and identify the barriers and facilitators. First, we asked
if the clinician would bewilling to use computer toolsin general,
after which we asked them to explain their opinions in an
open-ended question. Subsequently, we provided them with a
list of barriers and facilitators compiled from barriers and
facilitators known from the existing literature [27,28,32], and
we asked them which factors would stimulate or discourage
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them from using a tool. Clinicians could complement this list
with their own perspectives. We then asked them to rate the
importance of these factors using the Likert scale (1=very
unimportant, 2=unimportant, 3=neutral, 4=important, and
5=very important). Finally, we asked the participants how likely
they were to use diagnostic and prognostic tools. In the third
part, we explored clinicians' opinions on additional computer
tools, that is, web-based cognitive testing, communication
support, and communication skills training.

I nteractive Panel Session

During the NGN annual conference (held on the web on
November 10, 2020), 2 authors (HFMRM and LNCV) presented
the preliminary results of the survey. To help interpret these
results, they asked all conference participants several in-depth
guestions using Mentimeter [35]. These questions were related
to the importance of several factors that stimulate their trust in
a tool; factors that would convince them of the usability,
reliability, and validity of a tool; and the primary outcome
measures of atool.

Survey for Patientsand Care Partners

Participants

Between July and October 2020, we invited a mixed memory
clinic population comprising patients with subjective memory
complaints (subjective cognitive decline [ SCD]), mild cognitive
impairment, and dementia and care partners to participate in
the web-based survey. To be included, patients had to be able
to understand the questionnaire in Dutch or English. In this
study, care partner refers either to an informal caregiver or a
close relative or friend of the patient who provides either or
both emotional and practical support. A general link to the
survey was sent via a newsletter and socia media to the
members (patients and care partners) of Alzheimer Europe and
directly to the members of the Alzheimer’'s Society United
Kingdom. Next, weinvited both patientsand care partnersfrom
the Amsterdam Dementia Cohort of the Alzheimer Center
Amsterdam [36,37] and the Amsterdam Aging Cohort of the
outpatient geriatric clinic of the Amsterdam University Medical
Center (Amsterdam University Medical Centers) [38]. Patients
and care partners were approached and informed by phone or
email, and when they confirmed their participation, they were
sent a personalized link to the web-based survey. The survey
was adaptive to reduce the number of questions. Furthermore,
participants could scroll through the survey to edit their answers.

Survey

A total of 2 versions of the survey were created, 1 directed at
patients and 1 at care partners, both comprising 3 parts. In part
1, we collected background information regarding the
participants (eg, age, gender, and diagnosis). In part 2, we asked
for their opinion on clinicians' use of (1) a computer tool that
analyzesthe results of the diagnostic tests (diagnostic tool), (2)
a computer tool to help predict the course of their symptoms
(prognostic tool), and (3) atool to help communicate the test
resultsin day-to-day language with the patient (communication
tool). We adjusted the predefined list of barriers to and
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facilitators of using computer tools to the patient and care
partner perspectives. We provided participantswith thislist and
asked the extent (1=strongly disagree, 2=disagree, 3=neutral,
4=agree, and 5=strongly agree) to which the different items
applied to them. In the last part, we asked their opinion on
computer tools directed at patients and care partners, that is,
web-based cognitive testing and tools that could support and
empower them in their communication with the clinicians. The
survey was piloted in atest panel of 3 patients (2 with SCD and
1 with dementia) and 1 care partner of a person with dementia.

Analysis

Completion of the survey was enforced using mandatory
guestions. Proceeding with the survey was not possible when
a question was unanswered. Furthermore, it was not possible
to complete the survey more than once, as Survalyzer solely
allowed uniquevisitors. Only completed surveyswere analyzed.
We analyzed participant characteristics and survey outcomes
using descriptive statistics. Chi-square tests were used to
compare answers between patients and care partners. For
clinicians, we compared answers between groups based on age,
sex, profession, and specialization. When using the 5-point
Likert scale, the mean Likert scale scores were calculated per
item. Frequencies were calculated for al the barriers and
facilitators from the predefined list. We combined the
frequencies with mean Likert scale scores to define the most
important barriers and facilitators (eg, the item with the highest
frequency combined with the highest mean Likert scale score
was regarded as the most important). SPSS, version 22.0 (IBM
Corporation) was used to analyze the quantitative data. P values
<.05 were considered significant.

The answers to the open-ended questions were analyzed in
MAXQDA software (VERBI Software) [39] using aprocess of
deductive thematic content analysis[40,41]. A total of 2 authors,
AMVG (physician) and HMAH (neuropsychologist),
independently generated theinitial thematic codes based on the
existing literature and data. Subsequently, 1 author (AMVG)
generated a thematic framework and used this framework to
code all the given answers. The codes were then sorted into
broad categories.

Results

Demographics

Sample descriptions have been presented in Table 1 for
cliniciansand Table 2 for patients and care partners. Clinicians
were, on average, aged 45 (SD 11) years and had 16 (SD 13)
yearsof experience. Most participating clinicianswere medical
specialists working in neurology (60/109, 55%) or internal or
clinical geriatric medicine (33/109, 30.3%). Patients were in
genera older (mean age 73 years, SD 8) than care partners
(mean age 65 years, SD 12), who were mostly a partner or
spouse (33/46, 72%) or a granddaughter, daughter, grandson,
and son (in-law; 12/46, 26%). Participating patients were most
often diagnosed with SCD (21/50, 42%), whereas participating
care partners were mostly those of patients with dementia
(36/46, 78%).
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Table 1. Sample demographics of clinicians participating in the web-based survey and interactive panel session (N=294).

Characteristics Web-based survey (n=109) Interactive panel session® (n=184)
Age (years), mean (SD) 45 (11) 43 (11
Sex (female), n (%) 53 (48.6) 98 (85.9)
Cohort, n (%)
European Alzheimer’s Disease Consortium 53 (48.6) N/AP
Dutch Memory Clinic network 56 (51.4) N/A

Profession, n (%)

MDS, specialist 87 (79.8) 60 (54.5)
MD, specialist training or not in specialist training 12 (10.9) 1(0.9)
Physician assistant, nurse specidist, or speciaized nurse 3(2.8) 23(20.9)
Neuropsychologist or psychologist 6 (5.5) 16 (114.5)
Other 1(0.9) 10(9.1)
Experienced (years), mean (SD) 16 (13) N/A

Specialization®, n (%)

Neurology 60 (50.4) N/A
Clinical geriatric or internal medicine 33(30.3) N/A
Nursing home physician or general practitioner 2(1.8) N/A
Psychiatry 9(8.3) N/A
Other 9(8.3) N/A

Institutionf, n (%)

Academic or university hospital 68 (62.4) N/A
Nonacademic teaching hospital 32(29.4) N/A
Nonteaching hospital 8(7.3) N/A
Mental health service 2(1.8) N/A
Other 3(2.8) N/A

30wing to the hybrid conference setting, not every description was available for all participants. For sex, n=114 participants replied to the question. For
profession, n=110 participants replied to the question.

ON/A: not applicable.

°MD: medical doctor.

donly applicable for medical specialists.
©Some clinicians had >1 specialization.
fSome clinicians worked in =1 ingtitution.

https://formative.jmir.org/2021/12/€31053 JMIR Form Res 2021 | vol. 5| iss. 12 |€31053 | p.159
(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH

van Gilset d

Table 2. Sample demographics of patients and care partners participating in the web-based survey (N=96).

Characteristics Patients® (n=50) Care partners (n=46)
Age (years), mean (SD) 73 (8) 65 (12)
Sex (female), n (%) 17 (34) 25 (54)
Cohort, n (%)

Alzheimer Europe or Alzheimer’s Society United Kingdom 24 14 (30)

Amsterdam dementia cohort 25 (50) 27 (52)

Amsterdam aging cohort 23 (46) 5(18)
Diagnosisb, n (%)

scp¢ 21 (42) 2(4)

Mm@ 16 (32) 8(17)

Dementia 13 (26) 36 (78)
Education® n (%)

Low 1(2) 1(2)

Middle 22 (45) 16 (36)

High 26 (53) 27 (61)

80f these 50 patients, 20 (40%) completed the survey together with their care partner.
BFor the care partners, the numbers represent the diagnosis of their loved ones.

€SCD: subjective cognitive decline.
dmcl: mild cognitive impairment.
€According to the Dutch Verhage scale (Ilow 1-3; middle 5; high 6-7).

Survey of Clinicians

Opinions on the Use of Computer Tools

In response to whether they would be willing to use computer
toolsintheir daily clinical practice, 51.4% (56/109) of clinicians
said they would probably use a diagnostic tool, and 29.4%
(32/109) said they would certainly use a diagnostic tool.
Furthermore, 7.3% (8/109) said they would be unlikely to use
a tool, 11.9% (13/109) answered neutrally, and none of the
clinicians reported that they did not want to use a tool. The
results were similar for prognostic tools; of the 109 clinicians,
53 (48.6%) said they would probably use a prognostic tool, and
30 (27.6%) said they would certainly use a prognostic tool.
Furthermore, 2.8% (3/109) were unlikely to use a prognostic

https://formative.jmir.org/2021/12/€31053

tool, and 0.9% (1/109) would certainly not use a prognostic
tool. The remaining participants responded as neutral (22/109,
20.2%). We found no differences in both diagnostic and
prognostic tools based on age (P=.20 and P=.49, respectively),
sex (P=.14 and P=.73, respectively), or profession (P=.61 and
P=.98, respectively). Wefound that neurol ogistsindicated more
willingnessto use prognostic tools (P=.04) than cliniciansfrom
other specializations.

Content analysis of clinicians' explanations of their opinion on
the use of computer tools resulted in 6 main topics. support,
clinical expertise, efficiency, accuracy, clinician—patient
relationship, and care of the future. Each of the topics has been
described in Table 3, and illustrative quotes have been provided.
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Table 3. Clinicians' opinions on the use of computer toolsin memory clinics.
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Topics Description Quotes
Facilitating factors Hindering factors
Support Support to the diagnostic process Not applicablefor specific patient “[...] I would welcome atool that would beim-

Clinical expertise

Efficiency

Accuracy

Clinician—patient
relationship

Care of the future

from screening or prescreening to
follow up, support data storage, sup-
port research purposes

Complementary to clinical expertise
(eg, an aid for complex cases or with
interpretation of test results) and
contributory to evidence-based
medicine [42]

Theability to standardize the diagnos-
tic process, if easy to use, if connect-
ing with electronic patient file, and
time-efficiency

Computer tools could help in making
amore accurate diagnosis, providing
additional objectiveinformation, and
overcoming human errors

Improving patient communication

The use of toolsis considered part of
the care of the future

populations

Tools should not be areplacement
for clinical expertise

A tool not connected to the elec-
tronic patient file, information
technology issues

Tools might generate results of no
use and fear of loss of important
clinical information

A tool might have a negative im-
pact on the relationship between
clinicians and patients

N/AZ

plemented with the available clinical data and
help reach adiagnosis (ie, considering the neu-
rocognitive and neuroimaging data, in patients
with such profile, expert diagnosis would
be...with a probability of...%—which could be
increased by the use of...biomarker).” [Male,

42 years,M Db, physician working in neurology]

“Computer toolsand Al might beaway to have
an evidence-based standard procedure in addi-
tion to my own long time clinical experience.”
[Female, 59 years, MD, geriatrician];

“[...] | consider theclinical view asmost impor-
tant. A computer tool cannot (partly) replace
this” [Female, 38 years, MD, geriatrician]

“A quick and useful way to get practical an-
swers on the workplace” [Male, 62 years, MD,
neurologist];

“For toolsthat are not implemented in the elec-
tronic patient file| foresee barriersin theimple-
mentation.” [Female, 45 years, MD, geriatrician]

“ Sometimes we can beinfluenced by the patient
we have in front of us. We can diagnose them
too easily or consider them as (sub)normal be-
cause their general behavior makes us think so.
A computer could be more objective than we
arein some cases.” [Male, 26 years, MD, neu-
rology resident];

“[...] I am afraid that there will be an outcome
that is of no use for me, such as 64% chance of
Alzheimer's disease” [Female, 38 years, MD,
geriatrician]

“[...] It facilitates the communication to the pa-
tient.” [Female, 49 years, MD, neurologist];
“Petients also come for attention and care,
which they get lessif welook at the screen more
often.” [Male, 32 years, MD, physician working
in neurology]

“Al and big data are the future, they make the
invisiblevisible[...].” [Male, 33 years, MD, in-
ternal (geriatric) medicine resident]

3N/A: not applicable.
bMD: medical doctor.

Barriers and Facilitators

Clinicians' selection of factors that would hinder the use of
computer tools has been displayed in Figure 1A. None of the
barriers were rated using a mean Likert scale score >4. Figure
1B shows which factors would stimulate the use of computer
tools; items marked with an asterisk were rated with a mean
Likert scale score of >4. The most important barriers were (1)
atool not being well connected with the electronic patient file

https://formative.jmir.org/2021/12/€31053
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(47/109, 43.2% of clinicians), with a mean Likert scale score
of 3.8 (SD 1.0), and (2) important information, such as
observations, cannot be added to a tool (49/109, 44.9% of
clinicians), with amean Likert scale score of 3.7 (SD 1.2). The
most important facilitators were (1) user-friendliness (73/1009,
66.9% of clinicians; mean 4.5, SD 0.7), and (2) increasing
diagnostic accuracy (78/109, 71.6% of clinicians; mean 4.3, SD
0.7).

JMIR Form Res 2021 | vol. 5 | iss. 12 [e31053 | p.161
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

van Gilset d

Figure 1. Freguencies of barriersto (A) and facilitators of (B) the use of computer toolsin daily practice according to Dutch and European clinicians.

EPF: electronic patient file. * [tems rated with amean Likert scale score of 24.
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Additional Toolsfor Memory Clinics

Many clinicians (48/109, 44%) reported a willingness to use
both web-based communication tools and skills training. Over
half of the clinicians (62/109, 56.9%) indicated that they would
like to test the patient’s cognition via the computer at home
before the appointment. Frequently selected reasons for
web-based cognitive testing were triage (62/109, 56.9%) and
shortening of the test battery at the clinic (37/109, 33.4%). Not
being able to observe the patient during testing was mentioned
by 89% (42/47) of the clinicians who would not want to test the
patient’s cognition on the web.

https://formative.jmir.org/2021/12/€31053
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I nteractive Panel Session

Both transparencies about the objectives of the tool provider
(Likert scale score mean 4.3, SD 1.1) and honesty about the
possibilities and limitations of atool (Likert scale scores mean
4.4, SD 0.9) were considered important to strengthen clinicians
trust in a tool. The most important aspects of convincing
clinicians of usability, reliability, and validity of atool werethe
explicit provision of information regarding the tool (mean 4.3,
SD 0.9), scientific publications on underlying models (mean
4.3, SD 0.9), obtaining hands-on experience with the tool (mean
4.2, SD 0.6), and a randomized controlled trial (RCT) to test
the effectiveness of the tool in clinical practice (mean 4.0, SD
0.8). Diagnostic accuracy (31/100, 31%) and patient-related
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outcome measures (38/100, 38%), such as quality of life, were
most frequently selected astheideal primary outcome measures
of such an RCT.

Survey of Patientsand Care Partners

Tools Used by Clinicians

The results of patients and care partners opinions on
diagnostic, prognostic, and communication tools have been
presented in Table 4. Most patients and care partners were
positive regarding their clinician using these tools. No
differences were found between patients and care partners
(diagnostic  tools, P=.36; prognostic tools, P=.36;

van Gilset d

communication tools, P=.63) or different syndrome diagnoses
(diagnostic  tools, P=.64; prognostic tools, P=.69;
communication tools, P=.92).

Figure 2 shows an overview of the responses of patients and
care partnersto several statementsregarding the use of computer
tools by clinicians. Items marked with an asterisk are items
rated with amean Likert scale score=4. We found no differences
between the responses of patients and those of the care partners
(P valuesin order of appearance of topics from top to downin
the figure: P=.75, P=.62, P=.70, P=.55, P=.78, P=.21, and
P=.60).

Table 4. Opinion of patients and care partners on clinicians' use of diagnostic, prognostic, and communication tools, illustrated with quotes (N=96).

Opinion Patients (n=50), n Care partners

Quotes

(%) (n=46), n (%)
Diagnostic tool
| think that is a good 38 (76) 31(67) “The more information, the better. Aslong as the computer program is
thing in addition to the doctor’s expertise and not a replacement, | think it
would be agood idea.” [Female 60 years, care partner]
| would not want that 4(8) 4(9) “| think face to face contact between the doctor and the patient is essen-
tial.” [Female 74 years, care partner]
| do not know or no 8 (16) 11 (24) “Depends on how good the program is” [Male 76 years, patient, demen-
opinion tia]
Prognostic tool
| think that is a good 41 (82) 32 (70) “Thereis nothing against the use of acomputer in predicting the disease
thing process. It remains an aid to the physician. [...] He/she should remain
leading” [Male 78 years, patient, SCD?|
| would not want that 4(8) 6 (13) “1 want to know so | can plan ahead. However, with the variation in the
progression rate, | don’t see how this could be sufficiently accurate. If
not accurate, | would not want it.” [Female, 61 years, patient, dementia)
| do not know or no 5(10) 8(17) “My husband approves [the use of aprognostic tool], me as hiswife, do
opinion not know if | would like it. What if the prediction is somber! We would
instantly be depressed.” [Female (age unknown), care partner]
Communication tool
| think that is a good 39 (78) 38 (83) _b
thing
| would not want that 3(6) 1(2 —
| do not know or no 8 (16) 7(15) —

opinion

85CD: subjective cognitive decline.
bNo quotes available.
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Figure2. Agreement of patients and care partners on severa statements regarding computer tools on a 5-point Likert scale. * Items rated with amean

Likert scale score of >4.

Ifthe doctor has faith in the computer program, then so do I
The use of computer programs belongs to modern times

The more resources the doctor has available, the better

A computer program should be complementary to the current way of
working, not a replacement

I think the doctor can do their work well enough without a computer
program

I wouldn't want to know what my future would be like, not even with
a computer program

I have no faith in computer programs

® Strongly disagree W Disagree

Tools Directed at Patients and Care Partners

Most patients (35/50, 70%) and care partners (26/46, 57%)
expressed a preference for alist of example questions to select
guestions they wanted to ask their clinician. Furthermore, 42%
(21/50) of patients and 50% (23/46) of care partners said they
would prepare their visit to the memory clinic by watching
informational videos. A smaller but considerable proportion of
care partners (11/46, 24%) indicated that they would use a
web-based communication tool to practicetheir communication
skills, and some (5/50, 10%) patients reported wanting to do
the same. A small proportion of patients (4/50, 8%) and care
partners (8/46, 17%) did not want to use any web-based
communication tools.

Most patients (35/50, 70%) and care partners (28/46, 61%) were
positive regarding web-based cognitive testing at home. Reasons
for not wanting to perform cognitive testing at home differed
between patients and care partners (P=.01). The most frequently
selected reason for patients was their preference for personal
contact with the clinician (18/26; 69%). The most selected
reason (5/12, 42%) for care partners was that web-based
cognitive testing was too difficult to perform for their loved
ones.

Discussion

Principal Findings

This study showed that most clinicians, patients, and care
partnerswere supportive of the use of computer toolsin memory
clinics. Thisholdstruefor diagnostic and prognostic tools, tools
that support communication, and web-based cognitive testing.
Despite acknowledging their potential barriers, the genera
attitude of clinicians toward these tools was positive. The
facilitating factors were mainly practical (tools should be
user-friendly) and technical (connection with electronic patient
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files) and that tools should increase diagnostic accuracy. The
identified barriers mainly focused on doubtsregarding reliability
and validity, preservation of clinical autonomy, and fear of
losing important clinical information. Furthermore, the tools
should be considered in addition to the current working methods
and not as a replacement.

We hypothesized that the barriers to and facilitators of toolsin
memory clinicsmight differ from thoseidentified in other health
care areas because of the nature of the patient population (older
adultswith cognitive decline) and thelarge number of diagnostic
tests used in the clinical workup of dementia. However, the
barriers and facilitators we found in this survey study largely
corresponded to the existing literature on barriers to and
facilitators of the use of computer tools in other medical fields
[27-33]. Furthermore, we found that most of the given answers
to the open-ended question were in accordance with our
predefined list, which was based on studies on applying
computer toolsin other health care areas[27,28,32]. In addition,
itisconceivablethat patients’ and their care partners' (negative)
opinionsregarding the toolswere apossible barrier to clinicians
using atool. In this study, we showed that patients, despitetheir
age and (potential) cognitive decline, are mainly positive
regarding the use of computer tools. Most of them embrace the
possibility of using a tool themselves, and their care partners
share this opinion. A computer tool must support rather than
replace clinicians, who would then view it asan aid appropriate
to modern times.

I ncrease Acceptance of Tools

We found the overall attitude among clinicians toward tools to
be highly positive. Neverthel ess, none of the available tools are
regularly used in daily practice, and it seems there is a major
information gap and educational need to make clinicians
understand the possibilities of such computer tools [43]. The
resultsfrom our survey providedirection for theway to increase
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the acceptance of computer tools in memory clinic practice.
First, clinicians indicated that an RCT on the efficiency in
clinical practice would boost their confidence in the reliability
of computer tools. RCTs are considered important and robust
methods for assessing the impact of a tool [44,45]. However,
no RCT on the application of computer tools has yet been
performed in memory clinics. Thus, our findings suggest aneed
for RCTswith diagnostic accuracy and patient-related outcome
measures as primary outcome measures.

Second, computer tools could contribute to evidence-based
medicine (EBM) [42]. EBM concerns medical practice based
on the best available evidence, clinical experience, and patient
preferences [42]. Within the concept of EBM, clinical
experience is highly essential and should not be replaced by a
tool. Computer tools could support EBM by making the best
available evidence more accessible to clinicians, and computer
tools could clarify patient preferences. Acknowledging computer
tools as a part of EBM might lead to clinicians viewing these
tools as an aid complementary to their own clinical experience
rather than athreat to their clinical autonomy [27,29,32,46]. In
addition, there must be scientific publications regarding the
underlying model s and the transparent provision of information
regarding a tool’s reliability to increase clinicians' trust in the
tools[28,32,47].

Then, clinicians' confidence in the tools might be strengthened
if the tools are under the jurisdiction of a regulatory body to
authorize and supervisethe quality. To date, there are no formal
regulatory standards for tools used to support clinicians in
decision-making [28]. When devel opers claim that their software
has a medical purpose, it becomes a medical device, and
manufacturers themselves have to proclaim that their device
meets the safety and performance requirements. The new
European Medical Devices Regulation implemented in May
2021 makes manufacturers adhere to more strict guidelines for
ensuring the safety of their products, including assessment of
their device by a notified body. Involving an independent
notified body in the approval of atool might be the first step
toward improving its transparency and acceptance. Eventually,
as a next step, the use of software should be included in the
guidelines of professional associations[26].

The attitude toward tools is one of the key characteristics of
eventual acceptance [30,32]. Several user acceptance models
have been proposed to further encourage the acceptance of tools
in medical practices [32]. In this context, we would like to
addressthe user acceptance and system adaptation design model
[32]. Thismodel aims to include end users as the central point
in the design process of a computer tool. In this model, user
expectations and needs need to be thoroughly understood before
developing a tool. The development of a tool is an iterative
process, and end users should be continuously involved
throughout the development process. In congruence with this
user acceptance model, we took the first step toward accepting
computer tools by identifying the barriers to and facilitators of
computer tools according to the end users in memory clinics.
Onthe basis of the user acceptance and system adaptation design
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model, the next step in the iterative process would be the
evaluation of usability. Then, a pilot study would be needed to
evaluate user acceptance. The results of each step should direct
improvements in the tool and be evaluated in the next step.
However, it should be mentioned that in this study, we asked
participants about the barriers to and facilitators of computer
tools in general. Therefore, the barriers and facilitators found
in this study should be considered a starting point. When
implementing specific tools, further exploration of user
expectations and needs for those specific tools might be
necessary.

Strengthsand Limitations

One of the strengths of this study isthat weinvolved all theend
users of computer tools in memory clinics, that is, clinicians,
patients, and care partners. Including patients and care partners
originating from Europe and a heterogeneous population of
clinicians contributed to the generalizability of the results.
Furthermore, we used a funneled method in which we started
the survey with open-ended questions and worked toward closed
guestions. By doing so, we actively asked and stimulated
clinicians' own input.

Nevertheless, our study has severa limitations. First, we
distributed the survey via a web-based link, which might have
caused selection bias by only involving people with sufficient
digital skills who might have had a more positive approach
toward computer tools. We tried to minimalize this risk for
patients and care partners by including participants from both
geriatric and neurology departments with different cognitive
impairment stages. Furthermore, participants' agesranged from
relatively young to older patients, who might have had less
experience with digital tools. Second, we have no dataavailable
on the origin of the European participants, which might have
led to an uneven distribution of participants among countries.
Nonetheless, theinternational character of this study contributes
to the generalizability of theresults. Third, there might bearisk
of response hias; people who are lessinclined to use computer
tools may not have responded. We could not estimate the
response rates as the link to the survey was spread among an
unknown number of people. Nonetheless, we gained insight
into the important barriers and facilitators based on inquiry
among large samples of the most important stakehol ders.

Conclusions

In conclusion, this study shows broad support for the use of
computer toolsin memory clinic practicesby clinicians, patients,
and care partners. To stimulate the implementation of toolsin
daily memory practice, the tools should overcome several
technical and practical barriers. Moreover, clinicians have to
be convinced regarding the reliability and validity of the tool.
By identifying the potential barriers and facilitators, we have
paved the way for further development and implementation of
the tools. Our results provide an important step in the iterative
process of developing computer tools for memory clinics in
cocreation with end users.
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Abstract

Background: Individuals with autism spectrum disorder (ASD) often exhibit difficulties in social and communication skills.
For morethan 30 years, specialists, parents, and caregivers have used techniques, such as applied behaviora analysis, augmentative
and alternative communication, and the picture exchange communication system to support the social and communication skills
of people with ASD. Even though there are many techniques devised to enhance communication, these techniques are not
considered in existing social media apps for people with ASD.

Objective: Thisstudy aimed to investigate the effect of adding accessibility features, such astext-to-speech (TTS), speech-to-text
(STT), and communication symbols (CS), to a messaging app (MAAN). We hypothesized that these accessibility features can
enhance the social and communication skills of adults with ASD. We also hypothesized that usage of this app can reduce social
loneliness in adults with ASD.

Methods: Semistructured interviews were conducted with 5 experts working in fields related to ASD to help design the app.
Seven adults with ASD participated in the study for a period of 10 to 16 weeks. Data logs of participants’ interactions with the
app were collected. Additionaly, 6 participants' parents and 1 caregiver were asked to complete a short version of the Social and
Emotional Loneliness Scale for Adults (SELSA-S) questionnaire to compare pre-post study results. The Mobile Application
Rating Scale: user version questionnaire was also used to evaluate the app’s usability. Following the study, interviews were
conducted with participants to discuss their experiences with the app.

Results: The SEL SA-S questionnaire results showed no change in the family subscale; however, the social loneliness subscale
showed a difference between prestudy and poststudy. The Wilcoxon signed-rank test indicated that poststudy SEL SA-S results
were statistically significantly higher than prestudy results (z=—2.047; P=.04). Point-biserial correlation indicated that the SEL SA-S
rate of change was strongly related to usage of the TTSfeature (r=0.708; P=.04) and CSfeature (r=—0.917; P=.002), and moderately
related to usage of the STT feature (r=0.428; P=.17). Lastly, we adopted grounded theory to analyze the interview data, and the
following 5 categories emerged: app support, feature relevance, user interface design, overall feedback, and recommendations.

Conclusions: This study discusses the potential for improving the communication skills of adults with ASD through special
features in mobile messaging apps. The developed app aims to support the inclusion and independent life of adults with ASD.
The study results showed the importance of using TTS, STT, and CS features to enhance social and communication skills, as
well as reduce socia lonelinessin adults with ASD.

(IMIR Form Res 2021;5(12):€33123) doi:10.2196/33123
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autism; assistive technology; mobile app; social and communication skills
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder that is characterized by repetitive patterns of behavior,
restricted interest, and deficits in social and communication
skills[1]. These deficits affect the mental devel opment of people
with ASD, especially their socioemational development, which
may result in social and family loneliness [2]. Loneliness can
be described asalack of aclose or intimate attachment to family
members and friends. The consequences of loneliness include
feelings of emptiness, anxiety, depression, suicide, and anger,
which are detrimental to both physical and mental health [3].
Another effect of loneliness is learning disabilities, as the
deficits associated with ASD limit patients opportunities to
interact with their social environment and result in delays in
learning social norms [3]. Understanding social norms is
essential for positive and long-lasting social relationships. For
example, an individual with ASD might not know when
someone is angry and how to reciprocate. This lack of social
norms may lead to social rejection. Social and communication
skills are thus crucial components for social and emotional
development. In recent years, the ASD prevalence rate has
increased, with significant variability worldwide. In the United
States, 185 in 10,000 children have a diagnosis of ASD [4].
Similarly, recent prevalence studiesin the Middle East reported
that 114in 10,000 children from Qatar [5], and between 49 and
513in 10,000 children from Lebanon havethe disease[6]. Given
the increasing prevalence of ASD, the impact of problems in
social and communication skills associated with this disorder
may lead to a high societal cost of supporting the physical and
mental development of individualswith ASD. Thus, itiscritical
to develop innovative communication platforms to enhance
social and communication skillsbetweenindividualswith ASD
and others.

Many interventions have been used to enhance social and
communication skills, such as applied behavioral analysis
(ABA) [7], augmentative and alternative communication (AAC)
[8], and the picture exchange communication system (PECYS)
[9]. ABA is known as the primary treatment for children with
ASD [10]. It is considered necessary for education and
behavioral interventions, as it is commonly used to assist and
improve social and communication skillsfor children with ASD.
AAC provides individuals with ASD with pictures and
illustrations to express their needs, and it is extensively used,
although some caregivers and specialists have expressed
concerns regarding its application. They often highlight that
usage of AAC will prohibit the development of verbal speech
inindividualswith ASD [11]. Neverthel ess, these technol ogies
have the potential for supporting the social and communication
skillsof individualswith ASD [12]. The number of studiesusing
AAC hasincreased due to therise in its demand and value for
an assistive technology tool in the last few years [13]. Lastly,
the PECS is considered as one of the forms of AAC to help
individuals with ASD to communicate. These systems appear
promising due to their ability to construct sentences using
images and symbols [14], with a low requirement of minor
motor planning skillsand little cognitive demand, whichiswhy
limited training is needed [15]. Many studies have investigated
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the importance of the PECS and determined its major role in
enhancing socia and communication skills[14,16]. On the other
hand, PECS has several disadvantages, including difficultiesin
virtual communication and low speed in constructing messages
[15]. However, behavioral and educational interventions, and
digital revolutions have tremendously influenced the lives of
individuals with ASD positively [17]. These technologies have
increased the utilization of virtual communication platforms
and highlighted the importance of providing remote servicesto
the population with ASD [18]. Moreover, technology can ease
communication and enhanceindividuals' socia well-being[19].
The use of assistive technologies and tools can help create a
platform that alows individuals with ASD to share their
thoughts, ideas, and emotions effortlessly [19]. These
technologies were introduced to support their communication
challenges, and help them interact and express their feelings
with the world without physical presence [20].

This study intends to verify the effectiveness of a new mobile
messaging app called “MAAN,” which means “together” in
Arabic, for adults with ASD, using pre-post study data. The
data were collected using questionnaires, interviews, and
interaction logs. Theaim of MAAN isto provide an accessible,
safe, and easy-to-use messaging app for adults with ASD and
hence support their inclusion in society. In this study, we
hypothesized the following: (1) The accessibility features of
mobile apps (text-to-speech [TTS], speech-to-text [STT], and
communication symbols [CS]), which are applied to MAAN,
can enhance the social and communication skills of adults with
ASD; and (2) The usage of the app can reduce social loneliness
in adults with ASD.

Methods

Study Design

A mixed methods approach was followed in this study. Seven
adultswith ASD were asked to use MAAN with their caregivers
for 16 weeks. Prior to the design and development of MAAN,
semistructured interviews were conducted with experts to
discuss the preliminary proposed app design. The app design
was then modified according to the received feedback. After
that, adultswith ASD and their parents or caregiverswere asked
to use MAAN for a period of 16 weeks. This duration was
adopted from the study by Laugeson et a [21], which suggested
that when recelving socia and communication skills
interventions, improvement is only evident at 16 weeks. The
study started by contacting individuals willing to participate.
Due to COVID-19, the initiadl meetings with the participants
were conducted online. All participants received an email for
explaining the study information, such as date and time, and a
weblink for collecting informed consent for a virtual meeting
with the participants, their friends, and their parents. After
receiving the participants consent, they were asked to fill an
online prestudy questionnairein order to collect demographical
information. The parents or caregivers of the participants were
also asked to complete a short version of the Socia and
Emotiona Loneiness Scalefor Adults (SEL SA-S) questionnaire
[21]. The aim of this questionnaire was to determine the social
and family loneliness of the participants. In a virtual meeting,
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the principal researcher explained the app featuresin detail and
answered further questions regarding the study. The participants
were also provided with a hotlineto report any issue they might
face during this study. To ensure the continuity of data
collection, the participants were asked to make surethat the app
was constantly running in the background.

At the end of the study, all participants with ASD and their
caregivers or parents completed the Maobile Application Rating
Scale: user version (UMARS) [22] questionnaire. The uUMARS
is a simple and reliable tool that can be used by end-users to
assess the quality of mobile health apps. It provides a 20-item
measure that includes 4 objective quality subscales (engagement,
functionality, esthetics, and information quality) and 1 subjective
quality subscale. The purpose of thisquestionnaireisto measure
the app’s quality in terms of usability. The participants’ parents
or caregivers also completed the SEL SA-S questionnaire again
to determine the participants social and family lonelinessrates
after the study. Lastly, a semistructured interview with parents
or caregivers was conducted to gather information about the
context of app usage. The interview included questions about
the overall app experience in terms of usability, functionality,
and challenges encountered while using the app, as well as
suggestions for further enhancement.

MAAN App Design and Development

The app consisted of the following 3 main features: TTS, STT,
and CS. One of the well-known features that can aso be
considered as atype of assistive technology isthe TTS feature,
which allows usersto listen to written text on acompuiter, tabl e,
or smartphone. Thistechnology is popular among people having
difficultiesin reading and decoding words [23]. Similarly, STT
is an assistive technology feature used by people who struggle
with writing. This form of assistive technology allows speech
to be converted into text using the computing device. Both
features are very commonly employed to support inclusion
education settings [24]. The app aso included the CS feature,

Figure 1. Screenshots of the MAAN app’s administrative section.

M. yaaN

e
App for All

(A)

In the administrative section, the app starts with alogin screen
where the participants can login using an assigned username
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which isan essential part of AAC-supported technologies, and
its primary purpose is to assist individuals with ASD in
constructing sentences. We are not aware of any messaging app
that supports the use of the CS feature. “TAWASOL symbols’
wereemployed for the CSfeature. They were developedin 2013
by Mada Center, an assistive technology center in Qatar. These
symbols represent the Modern Standard Arabic language and
are designed to be culturaly, socidly, religiously, and
linguistically acceptable. TAWASOL is based on the AAC
Symbols Collection and is directed to nonverbal or minimally
verbal individuals who require alternative communication
solutions [25].

MAAN was developed using Xcode, which is an Apple
integrated development environment (IDE) for developing
i0S-based software. MAAN is available on iOS devicesand is
designed with aminimal number of screens. The screen designs
are similar to traditional and commonly used messaging apps.
Thus, in order to provide individuals with a consistent and
effortlessexperience, TTSand STT featureswereimplemented
inthe app using Xcode libraries. Additionally, 478 imagesfrom
TAWASOL symbolswere divided into 25 categories and added
to MAAN. The essence of the category wasto reduce the search
time of required symbols. Participants can click on a certain
category and then choose a TAWASOL symbol. The textual
description of the selected TAWA SOL symbol will be displayed
in both Arabic and English. The user can specify the language
of the symbol textual description, which is another advantage
of MAAN over other apps. When previewing the received
symbol, the user can listen to the TAWASOL symbol textual
description. A challenging aspect related to designing for adults
with ASD is the choice of the interface color theme [26,27].
MAAN aimsto address this issue by allowing users to choose
their suitable color theme. The MAAN app flow can be divided
into thefollowing 2 sections: administrative and features. Figure
1 shows screenshots of the app’s administrative flow, and Figure
2 shows screenshots of the app’s features.

o User Two
®

View Profile

Incoming Bubble
Outgoing Bubble

Theme

Language

(D)

and password, and remain logged in until they logout manually
(Figure 1A). The participants can select whom to chat with and
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start their conversation (Figure 1B). The setting screen provides
the participantswith the ability to view their profile, and change
the app theme color and the incoming and outgoing messaging
bubble color (Figure 1C and Figure 1D). Moreover, the
participants can change the language of the app (Arabic or
English) and logout from the app (Figure 1C).

The participants can use the features of the app as described in
Figure 2. An accessory button in the chat window provides the
participants with the choice to select the STT or TAWASOL
symbols screen (Figure 2A and Figure 2B). On clicking themic

Figure 2. Screenshots of the MAAN app’s feature display screens.
)

Hello. Are you free today?

Dora
Hey, Yes! What to do?

Click Here: TAWASOL Message

I want a Burger

Dora
Sure, let's go!

Hey, how is it going?

£ TAWASOL Symbols
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icon, they can record their voice and send it as a voice note to
the person they are chatting with (Figure 2C). On selecting STT,
the participants proceed to another screen where they can chat,
and the chat will be directly transcribed into text to be sent
(Figure 2D). On selecting TAWA SOL symbols, the participants
can choose symbolsfrom the 25 different categories, which will
be generated as text to be sent (Figure 2E). The last feature,
TTS, will be activated when the participants press on any text
message. With this feature, the system will transcribe the text
into voice and read it.

Recording

A,
e

Speech-To-Text

(D)
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Testing and Analysis Tools

Ethical approval was obtained from the Research Board of Qatar
Biomedical Research Institute. Participation was entirely
voluntary, and each participant was sent an approved informed
consent form that contained all study details. The following 4
types of consent formswere sent based on participant category:
(1) participant without ASD (including caregiver or parent)
consent form, (2) specialist consent form, (3) verbal participant
with ASD consent form, and (4) nonverbal participant with
ASD consent form. Each participant was aware of the
requirement to provide an informed decision regarding
participation in the study, aswell astheright to withdraw from
the study without justification or penaties. Moreover,
participants were assured about the confidentiality and security
of the data collected. The user evaluation study was conducted
in areal-life setting, and the participants were recruited through
snowballing techniques [28]. As of November 2020, atotal of
7 adults with ASD, aged between 18 and 30 years, were
recruited from Qatar and L ebanon. For each participant, parents,
caregivers, or specialists were recruited for using the app.

Quantitative and qualitative measures were collected in this
research. Interms of quantitative measures, this study employed
3 questionnaires and collected the interaction log data through
the app. The prestudy questionnaire was used to collect the
participants' demographic data, and the SELSA-S [29,30]
guestionnaire was used to determine socia and family loneliness
for participants prior to the study and after completing the study.
The UMARS [31] questionnaire was used to measure the app’s
quality after completing the study. Interaction log data were
also collected through Google Firebase. This included the
number of times the app was accessed, and how each feature
was used.

Quantitative data were complemented with qualitative data
collected through the poststudy interview. The aim of the
interview wasto produce contextual real-world knowledge about
the behaviors and social structures of the participants, and their
experiences with the MAAN app in their daily lives. The
interview was conducted with parents or specidlists of the
participants and was regarding social and communication skills
development.

Quantitative Analysis

The first questionnaire used was the SEL SA-S questionnaire.
The full version of the SELSA questionnaire is a 37-item
self-report measure of romantic, social, and family loneliness.
It was administered to young adults with ASD prestudy and
poststudy [29,30]. Moreover, the Program for Education and
Enrichment of Relational Skills mainly used it in most of their
studies [21] to track the social and loneliness aspects of their
participants. A study showed that the SEL SA-S questionnaire,
which consists of 15 items, is a psychometrically reliable and
valid alternative to the full version of SEL SA, and requiresless
time for participants [32]. There are 5 items referring to the
family loneliness subscale, 6 items referring to the romantic
subscale, and 4 items referring to social loneliness [33]. All
items are answered on a 7-point Likert scale. This study used
only the social and family subscales, since emotional change
wasnot intheinterest of this study. The SEL SA-Squestionnaire
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was used prestudy and poststudy, and the results were compared
to find the rate of change.

The Wilcoxon signed-rank test is a nonparametric test that is
particularly suitablefor examining the difference between pretest
and posttest measures in a small sample [34], and it was used
in this study. Statistical analysis was performed using |1BM
SPSS software (IBM Corp), and a P value <.05 was considered
statistically significant.

The second questionnaire was the UMARS questionnaire that
was coded following the scoring guides provided by the
guestionnaire developers [22]. The questionnaire consists of
the following 3 sections: app quality, app subjective quality,
and perceived impact. Moreover, the rating is scored out of 5,
based on the scoring criteria given by the questionnaire
developers. This questionnaire was used poststudy to evaluate
the app’s quality. Descriptive statistical analysis of the UMARS
rating was used to gain insightsinto the usability experience of
the participantswith ASD. Many studies have used theuMARS
guestionnaire to evaluate the usability of developed apps
[35-37].

Qualitative Analysis

To analyze the interviews, open and axial coding phases from
the grounded theory were used. Grounded theory isasystematic
methodology extensively used in qualitative research. This
approach aims to generate a substantive theory that links the
investigated datato reality [ 38]. After conducting the poststudy
interview with the participants, the interview was transcribed
by the first author (MHFH). Open coding was then used to
generate initial concepts from the data. This was followed by
axial coding to establish connections between different concepts
and categories[39].

Prestudy and poststudy interviewswere conducted. The prestudy
interview was conducted with 5 experts, 2 of whom worked in
special educational programs (specialist and educationa and
ABA/applied verba behavior consultant, and Information and
Communications Technology access expert in educational
programs). The other 3 worked in directing centers for adults
with ASD (director of the Rehabilitation and Inclusion Office,
manager of the Severe Difficulties Department, and president
of the Disability Association). The interviews were conducted
for the purpose of obtaining insights into the current situation
and existing technologies (state-of-the-art), and obtaining
feedback on the study design. The poststudy interview was
conducted with all participants' parents or caregivers to gather
information about the context of use. The interview included
guestions about the overall app experiencein termsof usability,
functionality, and challenges encountered while using the app,
aswell as suggestions for further enhancement.

Results

Demographic I nformation

Among the 7 adultswith ASD, 5 contacted their parentsthrough
the app, 1 contacted both a parent and specialist (ABA specialist
and teacher with 25 years of experience), and 1 contacted only
a specialist (speech and language therapist with 5 years of
experience) (Table 1). Moreover, there was diversity in
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educational background among the adults with ASD. This
diversity in educational background was related to the severity
of their conditions. Most of the parents and caregiversinteracted
with the participants for less than 6 hours per day. Based on the
information gathered from the participants parents, 2
participants were diagnosed with high-functioning ASD

Table 1. Demographic information.

Hijab et a

(participants 3 and 4), 3 were diagnosed with
medium-functioning ASD (participants5, 6, and 7), and 2 were
diagnosed with low-functioning ASD and up to severe ASD
(participants 1 and 2). Participant information is presented in
Table 2.

Characteristic Adults with autism spectrum disorder (N=7), n Parents (N=6), n Specialists (N=2), n
Gender
Female 0 5 2
Mae 7 1 0
Age (years)
18-21 4 0 0
21-26 1 1 0
>26 2 5 2
Table 2. Characteristics of the participants with autism spectrum disorder.
Characteristic described by a parent or specialist Participant
Completely nonverbal: Cannot speak but understands spoken conversation Participants 1, 2, 3, and 5
Verbal: Can greet Participant 4
Nonverbal: Cannot speak alot and only greets, but understands spoken conversation Participants 6 and 7

Participant Engagement

The user study evaluation lasted 16 weeks. However, not all
participants completed this duration due to this project’s time
limitation. Three participants completed the 16-week duration,
whereas 2 participants used the app for 13 weeks, 1 participant
used it for 11 weeks, and 1 participant used it for 10 weeks. The
full duration of the study was tailored to each participant
according to their enrolled duration. In this study, the duration
was defined as the period from the start day after enrollment
and training to the day when the poststudy interview was
conducted. Participants' daily activitieswere monitored through

interaction log data. Table 3 representsasummary of the average
number of days the app was accessed by each participant per
week. Although it was difficult to determine who initiated a
conversation, since it could last or hold for a while, initiation
was considered when the participant began the chat each day.
Based on responses in the poststudy interview, 2 participants
initiated some of the conversations, especially when waking up
in the morning, needing something to eat, or needing to go out
(requesting a need); 2 participants partialy initiated
conversations with some encouragement from their parents or
caregivers; and 3 participantsdid not initiate any conversations.

Table 3. Average number of days per week the app was accessed by each participant.

Participant

Value (days/week)?, mean (SD)

~N o o B~ WO N e

5.00 (1.826)
2.37 (1.821)
2.87 (1.893)
4,62 (1.981)
1.69 (1.109)
3.36(2.203)
2.10 (1.287)

#The overall maximum and minimum values were 5 and 1.69 days/week, respectively, and the overall mean value was 3.14 (SD 1.25) days/week.

Based on the collected data, diversity in participant engagement
was noticed. The participants were categorized into the
following 2 groups: participants who used the app for 16 weeks
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and participantswho used the app for lessthan 16 weeks. Figure
3 shows the average participant engagement for the 2 groups.
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Figure 3. Participant engagement in the app.
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The use of each app feature differed from one participant to
another. However, it was evident that when the app features
Quantitative Analysis were frequently used, the SEL SA-Srate of change tended to be
higher (Figure 5). For example, participant 1 used TTS more
often than all other participants, and thus, the SEL SA-S rate of
change of this participant was the highest. Participant 7 used
the app features less frequently and did not get engaged with
the app when compared with the other participants. The
SEL SA-Srate of change for this participant was low.

Testing and Analysis Tools

In this study, the social and family loneliness subscales were
considered. It was evident from the collected data that the family
loneliness subscale did not change from prestudy to poststudy.
However, the social loneliness subscale showed a differencein
all participants (Figure 4).

Figure 4. Prestudy and poststudy SEL SA-S questionnaire social scale results. SEL SA-S: short version of the Social and Emotional Loneliness Scale
for Adults.
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Figure5. Average number of times each app feature is used per week with respect to the rate of change of the SEL SA-S questionnaire result. SEL SA-S:

short version of the Social and Emotional Loneliness Scale for Adults.
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Regarding uUMARS results, first, the app quality mean score
was calculated by finding the mean of the ratings for the
subsections engagement, functionality, esthetics, and
information, and then calculating the average of the 4 means.
The mean value was 3.62 (SD 0.65). Second, app subjective
quality was rated based on the mean score of the related
questions, whichwas 3.72 (SD 1.12). Third, the questionnaire's
perceived impact section consists of 6 questions that rate the
impact of the app on the participants' knowledge, attitude, and
intention regarding the targeted health behavior. Moreover, the
rating was based on the mean score of the related questions,
which was 3.54 (SD 0.98).

Point-biserial correlation was employed to answer the first
hypothesis. The number of times each app feature was used was
considered a dichotomous variable, since it is either clicked or
not [40,41]. Therefore, point-biserial correlation, which is a
special case of Pearson correlation, was used to measure the
strength of the association between the SEL SA-Srate of change
(post-pre) and each app feature. The strength of the correlation
was assessed as follows: week correlation if 0.1<|r|<0.3,
moderate correlation if 0.3<|r[<0.5 and strong correlation if
0.5<|r]. The results showed that the SEL SA-S rate of change
was strongly related to the TTS feature (r=0.708, P=.38) and
to the TAWASOL symbolsfeature (r=—-0.917, P=.002). On the
other hand, the SEL SA-Srate of change was moderately related
tothe STT feature (r=0.428, P=.17). Therefore, usage of TTS,
STT, and CS (TAWASOL symbols) can enhance the social and
communication skills of adults with ASD. For the second
hypothesis, the Wilcoxon signed-rank test was used to determine
whether the difference between the prestudy and poststudy
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resultsinthe social loneliness scale was significant. It indicated
that poststudy SEL SA-S results were statistically significantly
higher than prestudy SEL SA-Sresults (z=—2.047; P=.04). Thus,
the null hypothesis was rejected. Therefore, usage of the app
can reduce social loneliness among adults with ASD.

Qualitative Analysis

All the interviewees in the prestudy interviews agreed on the
importance of the MAAN app as a uniquetool that could be of
great use. They stated that this innovative app would assist
centers, parents, and caregiversin staying connected with adults
with ASD. They also believed that MAAN has the potential to
enhance the social and communication skills of adults with
ASD. Moreover, they asserted that such an app could support
the inclusion of adults with ASD into social, educational, and
work settings, ultimately encouraging adults with ASD to use
more social-based apps.

Overall, 6 parents and 1 speciaist were interviewed in the
poststudy interview. Theinterview focused on their experiences
with the app, the challenges faced, and the recommended
modifications. The open and axial coding phases of the grounded
theory [39] were used to analyze the transcribed interview. The
analysis highlighted the importance of the app in enabling
communication between adultswith ASD and other individuals.
Most interviewees discussed the relevance of the app and its
novelty. Five categories emerged from the analysis, which were
app support, feature relevance, user interface design, overall
feedback, and recommendations. Each category had
subcategories and samples of excerptsfrom thetranscribed data
describing the experiences of the participants with ASD while
using the app (Table 4).
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Table 4. Categories and subcategories that emerged from the poststudy interview.

Category and subcategory Description Example quotes
App support Technical and customized support to access the
needed information without problems or errors
Learnability Interactive app features, which aid participantswith  ...He was able to understand how to use it after | trained him...
ASD?to learn quickly [Parent #4]
Efficiency (accessibility)  Accessing the features of the app (easy, medium,  ...Heaccepted the application very smoothly and enjoyed using
or hard) it... [Parent #4]
Technical issues Bugs or related technical issues ...Hetried to use recording, but it was a little hard for himto
useit... [Parent #5]
Featurerelevance Feedback of the participants on the app features
Text-to-speech Feedback on the text-to-speech feature ...it was an amazing experience for himto listen to the text,
while this feature is not available in any other platform even
WhatsApp... [Parent #1]
Speech-to-text Feedback on the speech-to-text feature ...Speech to text is a very good feature | would say especially
for autistic case... [Parent #6]
Arabic issues Participants talk about Arabic issues related to the ... The Arabic language was a little annoying since text-to-
app speech and speech-to-text transcriptions were robotic and need
more advancements. .. [Parent #2]
TAWASOL symbols Feedback on TAWASOL symbols ...For him, both TAWASOL symbols and voice messaging are
the main features that helped him... [Parent #2]
User interface design Visual appearance of the app, such asthe arrange-
ment of content, color schemes, icons, and font
sizes
Color Feedback on the color changing tool of the app ...Hedidn’t change the application color nor the chat bubble
since he doesn’t have any problem with colors, but other
autistic individuals can use this feature to help themusing the
application more by changing the color with what is suitable
for them... [Parent #2]
Design consistency The participant likes texting and using the app like ...He knows [refereeing to the participants with ASD] how to
other messaging apps type and use it in other application, then he liked the chatting
(Texting) part more... [Parent #1]
Overall feedback Feedback about the app in general regarding the

innovative idea and the need of it

Positive feedback Positive feedback on the app ...Really good application for chatting like I'mvery happy about
the way it sends messages in different format text-to-speech,
speech-to-text, and Tawasol symbols, so | wasintroducing it to
him as a chatting app itself and he liked it [Caregiver #1]

Novelty Feedback on the novelty of the app comparedto  ...I"mjust saying because it's a very good with its unique fea-
existing messaging apps tureswhat | really found very interesting since | can't find these
featuresin other similar applications such as WhatsApp...
[Parent #1]
Recommendations Suggestions of parents and specialists on how to
improve the app
Serious games Suggestionsto enhancethe app with gameelements  ...1 would like to suggest including gameswhere autistic adults
to teach specific skills and knowledge could learn the TAWASOL symbols and be able to easily con-
struct sentences. .. [Parent #3]
Privacy protection Discussing the next version based on afriendre-  ...Caregivers should be able to accept friends, and thisis be-
quest featurein order to protect usersfrom strangers  cause we need to protect them from unknown people... [Parent
#3]

8ASD: autism spectrum disorder.
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Discussion

Summary

In this study, MAAN, a mobile messaging app, was devel oped
and evaluated in 7 adults with ASD over 10 to 16 weeks. A
pre-post study was also conducted with experts and parents on
the interface and functionality design of the app. The app has
additional features (TTS, STT, and CS) when compared with
existing messaging apps. MAAN is designed to support adults
with ASD when communicating with other individuals viatext
messaging in both Arabic and English. It offers the ability for
adults with ASD to read or listen to text messages and then
reply. Theresults supported the hypotheses and are encouraging
for further work in the future.

Comparison With Related Work

Very few messaging appsthat support social and communication
skills in individuals with ASD are discussed in the literature.
TalkingBoogies [42], an app introduced in 2020 by a research
team in Korea, aimed to actively assist caregivers when
devel oping AAC-led communication with children having ASD.
It comprises the following 2 iOS apps: TalkingBoogies-AAC
for child caregiver communication and TalkingBoogies-Coach
for caregiver collaboration. TalkingBoogies-AAC has severa
features, such asthe use of Ewha[43], an AAC symbol system,
and TTS. The team evaluated the developed app in 4 children
with ASD and 3 teachers with at least 6 months of experience
with AAC from a local special education school. The study
concluded that such an app can prompt the learnability of
children when constructing sentences. Prior to this study, De
Leo et al [44] built and eval uated a Windows-based mobile app
named “PixTak.” The PixTalk system employs the PECS
intervention and is made up of the following 2 modules: PixTalk
smartphones, which enables children with ASD to search and
select images in order to express their needs and feelings, and
PixTalk website, which allows caregivers and teachers to add
different imagesto a child’'s smartphone. By conducting a case
study involving 3 children with ASD and their teachers, this
research asserted the importance of computer-assisted
instructions as an intervention to motivate and engage learners
with ASD. Proloquo2Go [45] and ProloguodText [46] are
popular communication apps that use symbols and the TTS
feature. Both apps are commercially available and widely used
in school settings where English is the main instructional
language. Nowadays, virtual communication platforms, such
as social media networks and messaging apps, are becoming
more integrated in most people’s lives [47]. However, from an
accessibility viewpoint, the use of these platforms is neither
practical nor accessible for the majority of individuals with
ASD and especially for the nonverbal population. Some of the
existing work involves AACrabat [48]. The authors designed
this mobile app to help neuromuscular disease users
communicate with othersusing their eyes. Although AACrobat
uses the TTS feature, this apps is not helpful for individuals
with ASD since most of them cannot fix their eyes in one
direction to type from a keyboard or do not have the ability to
generate a sentence. Currently, the most popular communication
platformisWhatsApp [47], whichismainly used asamessaging
app. Despite al the important updates and features that
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WhatsApp provides, it istill not accessible for individualswith
ASD, as most of the nonverbal population struggles to read,
write, or communicate using basic texting features. To the best
of our knowledge, previous studies have attempted to support
adults with ASD in constructing sentences for education and
learning purposes, but no study has evaluated TTS, STT, and
CS features, as well as social and family loneliness in adults
with ASD. This paper presents the development and eval uation
of the new messaging app MAAN, which means “together” in
Arabic. MAAN employs TTS, STT, and CS to enhance the
social and communication skills of adults with ASD. Thisis
the first study to consider these featuresin a mobile messaging
app designed to support communication among adults with
ASD, both in English and Arabic. The results showed that
MAAN can enhance social and communication skills, especially
through distance messaging, and can ease communication with
peers through its special features (TTS, STT, and CS). Hence,
this study showed the effectiveness of these features in a

messaging app.
Principal Results

The 5 experts interviewed in the prestudy phase emphasized
the importance of MAAN as aunique tool in supporting adults
with ASD. During the interview, they discussed the app’s
novelty and suggested several modifications, such as
categorizing TAWASOL symbols and fixing the app’s design.
Moreover, they emphasized the support of the app for the
inclusion of adultswith ASD into social, educational, and work
settings, ultimately encouraging adults with ASD to use more
social-based apps. On the other hand, the poststudy interview
with parents suggested that the app provides 3 features directed
to verbal and nonverbal adults with ASD, and the TTS feature
was the most preferable feature for both ASD and non-ASD
participants. Using MAAN helped the participants with ASD
interact more with their parents, especially when they were not
near them. Besides, the participants with ASD were attached
to the app, where they voiced their needs by sending amessage
to their parents. Support for the Arabic languagein al 3 features
made this app very appealing to the participants, considering
that there is a lack of ACC apps that support the Arabic
language. Moreover, theinterviewees highlighted theimportance
of MAAN in enhancing the social and communication skills of
different users, such as individuals with dyslexia. From the
participants' engagements with the app and the SELSA-S
guestionnaireresults, it can be deduced that more use of the app
features was associated with higher SELSA-S questionnaire
scores. Moreover, thiswas confirmed in the poststudy interviews
where the interviewees highlighted the importance of the app
features and their ability to increase the attention of adultswith
ASD, which can positively improve socia loneliness. This
development is noticeable with the positive engagement and
enthusiasm that the participants with ASD exhibited when
messaging their parents using the app features or when
constructing a sentence by using TAWASOL symbols

Limitations

Degpite this study’s contributions, some limitations, including
the sample size, operating system platform, and choice of
features, were noted. Due to the COVID-19 pandemic, most
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adultswith ASD were at homewith their familiesandthuscould  Conclusion
not be easily reached. Thisled to arather small sample. Another
factor that contributed to the small sample was the absence of
focused institutions for adults with ASD, since most of the
current institutions serve children with ASD. A larger sample
size could give more insights into the effects of the app and
could increase the statistical power. Further, the message app
was only available on the iOS platform. This availability
limitation was due to the timeframe for developing the app.
Lastly, other messaging app features, such asimage messaging,
video messaging, and voice and video calls, were excluded. The
reason isto prompt adultswith ASD to use AAC-based features
rather than video or voice calls, which, in turn, can support their
social and communication skills.

The novelty of MAAN as a communication and social
intervention app isits potential to support communication skills
and social loneliness in adults with ASD. More importantly, it
was possible to achieve this due to the inclusion of expertsin
the design and development of the app. Additiondly, the
poststudy evaluation by parents and specialists identified the
uniqueness of the app, and how it could be enhanced and
extended to other populations who also exhibit social and
communication deficits, such as people with dysdexia. Future
studies can consider alarger number of participants with ASD
to replicate the findings and can extend this study to other
clinical populations with social and communication deficits.
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Abstract

Background: Health care databases contain a wealth of information that can be used to develop programs and mature health
care systems. There is concern that the sensitive nature of health data (eg, ethnicity, reproductive health, sexualy transmitted
infections, and lifestyle information) can have significant impact on individuals if misused, particularly among vulnerable and
marginalized populations. As academic institutions, nongovernmental organizations, and international agenciesbegin to collaborate
with low- and middle-income countries to devel op and deploy health information technology (HIT), it isimportant to understand
the technical and practical security implications of these initiatives.

Objective: Our aim is to develop a conceptual framework for risk stratification of global health data partnerships and HIT
projects. In addition to identifying key conceptual domains, we map each domain to a variety of publicly available indices that
could be used to inform a quantitative model.

Methods: We conducted an overview of the literature to identify relevant publications, position statements, white papers, and
reports. The research team reviewed all sources and used the framework method and conceptual framework analysisto name and
categorize key concepts, integrate them into domains, and synthesize them into an overarching conceptual framework. Once key
domains were identified, public international data sources were searched for relevant structured indices to generate quantitative
counterparts.

Results: Weidentified 5 key domainsto inform our conceptual framework: State of HIT, Economics of Health Care, Demographics
and Equity, Societal Freedom and Safety, and Partnership and Trust. Each of these domainswas mapped to anumber of structured
indices.

Conclusions: Thereisacomplex relationship among the legal, economic, and social domains of health care, which affects the
state of HIT in low- and middle-income countries and associated data security risks. The strength of partnership and trust among
collaborating organizationsis an important moderating factor. Additional work is needed to formalize the assessment of partnership
and trust and to devel op a quantitative model of the conceptual framework that can help support organizational decision-making.

(IMIR Form Res 2021;5(12):€25833) doi:10.2196/25833

KEYWORDS

health information technology; low- and middle-income countries; low income; conceptua framework analysis; framework
method; data security; decision-making; database; information use; misuse; global health; security
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Introduction

Background

Health information technology (HIT) refersto electronic health
records (EHRs), patient portals and other software platforms,
public health databases, hardware devices, and technology
systems, which contain awealth of information used for patient
careand resource allocation. According to a2016 World Health
Organization (WHO) globa survey on eHealth, the adoption
of EHR systems had increased by 46% in the previous 5 years
[1]. Increasing numbers of low- and middle-income countries
(LMICs) are implementing HIT as they continue developing
their health care infrastructure [2,3]. In many cases, these
systems are being implemented in collaboration with foreign
academic institutions, health care systems, and nonprofit or
research organizations [4,5]. However, there are unique
organizational, technical, functional, educational, and ethical
challenges that require meticulous consideration—especialy
with respect to their security implications [6].

In many LMICs, legal, regulatory, and technical frameworks
around HIT are undeveloped [6]. Furthermore, the sensitive
nature of health data (eg, ethnicity, reproductive health, sexually
transmitted infections, and lifestyle information) can have
significant impact on individuals if misused [7]. The
combination of developing legal frameworks and decreased

Espinozaet a

ability of public institutions to protect individuals may create
aparticularly vulnerable environment for HIT and health data.
A framework to understand and stratify the risk associated with
HIT may bebeneficial to organizations engaging in global health
partnerships that generate significant amounts of health data.

Our research team has been focused on international clinical
and research partnerships in Armenia. As we have engaged in
the process of designing and deploying a safe, scalable health
data platform in Armenia, other countries in the region have
expressed interest in implementing similar systems. This
geopolitical region is home to the Commonweath of
Independent States (CIS), an intergovernmental organization
of 11 post-Soviet countries; Armenia, Azerbaijan, Belarus,
Kazakhstan, Kyrgyzstan, Moldova, Russia, Tajikistan,
Turkmenistan, Ukraine, and Uzbekistan (Figure 1) [8]. These
countriesinherited the Soviet Union’'s Semashko health system
and many of itsflawsin transitioning to amodern primary care
model, including premature mortality, variable quality of care,
poor noncommunicable disease management, and high
out-of-pocket payments [9-11]. Rising social and economic
challenges such as inequality and the cost of funding public
health are also significant concerns [9]. To address these
concerns, CIS member states have embarked on heslth care
reform efforts to improve their health care systems, including
deploying HIT [9,12].

Figure 1. A map of Commonwealth of Independent States countrieslocated in Eastern Europe and Central Asia. The color gradient shows 2019 gross
domestic product per capitain US dollars. The population of the country (in millions) is noted next to the name. GDP: gross domestic product.
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Need for a Framework

As our organization considers new partnerships among other
ClSmembers, the need for aframework to understand potential
HIT security risks has become more pressing. Given the lack
of an existing risk stratification framework to assess and

https:/formative.,jmir.org/2021/12/e25833

XSL-FO

RenderX

Russian Federation: 144 m

Turkmenistan: 6 m

GDP in US § per capita

I >9000-12000
>6000-9000

>3000-6000

0-3000

Kazakhstan: 19 m

Uzbekistan:33 m

\\ Kyrgyzstan: 6 m
\ Tajikistan: 9 m

consider the security vulnerabilitieswith implementing HIT in
LMICs, we decided to create our own. In this paper we present
a conceptua approach to developing such a framework and
propose a variety of indices that could be leveraged to inform
each subdomain. Finally, we outline our proposed next stepsto

JMIR Form Res 2021 | vol. 5| iss. 12 |€25833 | p.185
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

seek consensus and finalize quantitative and qualitative versions
of the framework.

Methods

Literature Review

We reviewed the literature to identify relevant publications by
searching PubMed, Ovid MEDLINE, Google Scholar, and

Textbox 1. Literature search terms by concept type.

Espinozaet a

Google using the search terms presented in Textbox 1. All
articles were identified as relevant by at least 2 authors (JE,
ATS, or JD). References from relevant articles were also
reviewed. Origina research, reviews, editorids and
commentaries, position statements, white papers, and industry
and nongovernmental organization reports were included.
Finally, thewebsites of international agencies such asthe WHO,
the United Nations, and the World Bank were reviewed for
relevant data sources and publications.

Search terms

«  Geographic terms

« Armenia
«  Europe

. Asa

« Soviet

«  Commonwealth of Independent States (CIS)
o Low- and middle-income countries (LMIC)
. Developing countries

«  Global hedlth

. International

«  Technology terms

. Data
« Headlth data
o Patient data

o Information

o Hedlth information

o  Patient information

«  Electronic health records (EHR)

o  Electronic medical records (EMR)

«  Health information technology (HIT)
o Personal health records

« Database

« Themeterms

o Security

« Risk

o  Partnership
« Breach

o Trust

o«  Sofety

« Health system
o Health policy
. Legal
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Conceptual Framework Development

A conceptual framework isa“ network of....interlinked concepts
that allow for acomprehensive understanding of aphenomenon
or phenomena [13].” Our conceptua framework devel opment
process borrowed iterative techniquesfrom both the framework
method [14] and conceptual framework analysis[13]. First, all
literature sources were extensively reviewed for key concepts.

Espinozaet a

By categorizing and recategorizing these key conceptsiteratively
asmore literature was reviewed, the team conceptualized them
into domains that were then synthesized to develop an
overarching conceptual framework using the coding
methodology outlined by Gale et al [14]. Once key domains
wereidentified, public international data sourceswere searched
for relevant structured indices to generate a quantitative
counterpart (Figure 2).

Figure2. A visual representation of our approach to devel oping our conceptual framework, from literature review to refinement. NGO: nongovernmental

organization.

Search terms

F___i___T

Article
references

International NGO
websites

Phase 1 Latsfrature PubMed, Gray
review Ovid MEDLINE, .
literature
Google Scholar
Relevant Sources
Key concepts
Conceptual

Categorization
Phase 2| framework 9

development

Framework

Phase s refinement

Expert Input and Refinement

Our conceptual framework, key domains, and indices were
shared formally and informally through email, conversations,
and presentations with international colleagues in health care,
information technology, informatics, health policy, and
international relations. Feedback was collected and an iterative
approach was used to refine the model and the indicesincluded.

Results

Key Domains and I ndices

Our andysisresulted in an inventory of conceptsthat aggregated
into 5 key domainsthat make up our conceptual framework for
assessing health data security considerations in global health
partnerships:

1. Stateof HIT

2. Economics of Health Care

3. Demographics and Equity

4. Societal Freedom and Safety
5. Partnership and Trust

For each of thefirst 4 domains, weidentified publicly available
indices that could be used to provide qualitative or quantitative
insights. For the fifth domain, Partnership and Trust, we created
a self-assessment tool that would alow an organization's
membersto take into consideration the specifics of their project,
their experience on the ground, and their in-country partners.

https://formative.jmir.org/2021/12/e25833

— Domains —

Updated framework,
domains, and indices

International
data sources

}

Quantitative
indices

Conceptual |
framework

Formal and informal review
by international colleagues

Stateof HIT

Overview

HIT refersto al the electronic systems used by care providers,
public health workers, patients, researchers, and others to
manage health information [15]. It includes EHRs, other
software platforms, hardware devices, and technology systems
[16]. HIT systems are a critical component of several aspects
of hedlth care, including care delivery, billing, medicolegal
liability, research, and hedth policy [17,18]. HIT use is
influenced by factors such as cost, technica feasibility, and
regulation [3].

The Sate of HIT domain evaluates a health system’s maturity
in terms of its logistic, technological, and regulatory progress
within a country. The legal structure and regulatory framework
around HIT and medical ethics directly influence the viability
and progress of HIT [19]. As suggested by Luna et a [19],
overcoming legal and ethical challenges, interoperability issues,
and technical security vulnerabilities greatly affects the
implementation of HIT.

Rationale for I ndices

Multimedia Appendix 1 [6] presents the proposed indices of
this domain categorized into 3 broad subdomains:

1. EHR deployment considersthe presence of anational EHR
system’s existence, regulation, and location. National EHR
systems require a high level of commitment as well as
technical and financial resources [3,20]. This implies a
certainlevel of investment, commitment, and organi zational
sophistication and provides insight into the groundwork
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laid by the country that affects the long-term viability and
integrity of HIT and health data [20,21]. Were at a [20]
have commented on the unsustainability of expensive
implementations and the need for sustainability to be built
into EHR implementations, underscoring the demand that
EHRs place on technical and financial resources. This
subdomain also considers EHR implementation location
(in primary, secondary, or tertiary facilities), which gives
an understanding of the level of penetration of the
technology inthe market. Overal, EHRs are often thefirst,
most expansive, and most expensive component of HIT;
as such, they serve as reasonable proxies for HIT overall,
including technical and logistical risks with implementing
new technologies, where other measures are not available.
The indices in Multimedia Appendix 1 [6] were gathered
from the Electronic Health Record section of the Atlas of
eHealth Country Profiles compiled by the WHO as “Yes,
No, Not applicable [6].”

2. eHealth Foundationsrefersto the national strategy, policies,
and funding information for eHealth. These factors are
critical to determining the successor failure of HIT and can
provide valuable insights into risk stratification of a given
environment [22]. These indices were gathered from then
eHealth Foundations section of the Atlas of eHealth Country
Profiles compiled by theWHO as* Yes, No, Not applicable
(61

3. Lega Frameworks for eHealth refers to the policies,
regulation, and jurisdiction governing the use, quality,
sharing, and ownership of health data. Medicolegal concerns
are universal, complex challenges of HIT that affect use
and the experience of patients, providers, and other
stakeholders [20,23]. The existence of legal solutions or
mechanisms to address these concerns can provide insight
into the preparedness of a country to mitigate HIT and data
breaches as well as suggest the recourse that individuals
have should a breach occur. For example, Palabindala et al
[23] mention that Health Insurance Portability and
Accountability Act compliance requires substantial legal,
technical, and logistical effortsthat ensure the establishment
of appropriate measures for unfortunate events. These
indices were gathered from the Legal Frameworks for
eHealth section of the Atlas of eHealth Country Profiles
compiled by the WHO as “Yes, No, Not applicable [6].”

Economics of Health Care

Overview

The Economics of Health Care domain aims to quantify a
country’s overal investment in health care. This domain
evaluatesacountry’sfinancial and resourceinvestment in health
care access, delivery, services, and technology. Government
investment directly affects infrastructure, quality of care, and
affordability for patients and providers, which in turn
significantly influences the successful and sustainable
implementation of HIT, especialy in LMICs[19,24,25]. Without
proper alocation of funding, resources, care standards, and
cost-effectiveness for stakeholders, there is a greater chance of
failure in terms of long-term success and scalability [20]. As
discussed by Luna et a [19], financia and technical
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sustainability is an important element of HIT integration and
therefore needs to be addressed before implementation.

Rationale for Indices

This domain can be further evaluated as 4 subdomains; the
individual indices have been presented in Multimedia Appendix
2[26-43]:

1. Health Care Expenditure considers gross domestic product
(GDP), contextualized GDPfor health care, and health care
expenditure. These indices were gathered from data by the
World Bank on GDP, GDP per capita, GDP growth
percentage, health care spending percentage per GDP, and
health care spending per capitain US dollars, US dollars
per capita, or percentages depending on the metricsinvolved
[26-31]. Indices such as recontextualized GDP values and
health care spending per capita have been described by
Naik et a [44] as macroeconomic determinants of health
that ultimately influence HIT integration and management.
Insufficient health care funding increases the chances of
failure of HIT implementation and health data management
[20]. Health expenditure and GDP spending on health care
thus become potential proxies for risk assessment.

2. Hedth Care Structure considers both infrastructure and
system indices such as hospital beds, doctors per capita,
health care access, and the existence of a public health care
system. These indices were gathered from data sets by the
World Bank on doctors per capita and hospital beds, the
Globa Burden of Disease (GBD) index on hedlth care
access and quality, and the US Social Security
Administration on private versus public health care systems
as numbers (per 1000 people), indices (1-100), and binary
values [32-35]. As these indices directly measure access
and the availability of crucia health care resources, they
provide insight into the economic and material context of
health care. Lower scores for these indices may highlight
ahigher risk of not having adequate finances and resources
for implementing and managing HIT systems [3].
Specifically, Akhlag et al [3] identified infrastructure,
finance, organization, and data management as key factors
in the adoption and management of HIT.

3. Hedlth Care Cost considers out-of -pocket feesand universal
health coverage. Theseindiceswere gathered from the 2017
Globa Monitoring Report by the World Bank on universal
health coverage as values (0-100) measuring affordability
and data sets by the World Bank on out-of-pocket costs as
a percentage of total universal coverage [36,37]. These
indices are important because they provide insight into the
patient-level microeconomic context. Cost-effectiveness
and financia viability for patients directly affect access,
use, and long-term potential of health care services and
resources, including HIT [19]. A lack of affordable health
care can create risks for the overall success of health HIT.

4. Hedth Care Quality isintended to evaluate overall health
care system performance through process and outcome
measures such as health performance index, infant and
maternal mortality, life expectancy, immunization rates,
and diarrheal disease rates. These indices were gathered
from datasetsby GBD collaborators, the WHO, the Central
Intelligence Agency, and the GBD database as an index
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from 1 to 191, deaths per births, age of death, and
percentage immunized [38-43]. The indices listed in
Multimedia Appendix 2 [26-43] are frequently used in the
literature and by international organizations to measure
overal hedth care quality [25,45,46]. Measuring health
care quality provides alens through which to interpret the
economic inputs of a hedth care system. Major
discrepancies between economic inputs and health care
quality outcomes may be acausefor concern because these
may result from a variety of issues, including health care
administration, system stability, and inadequate data
collection and reporting. All of these would be factors that
may affect health data security.

Demographicsand Equity

Overview

The Demographics and Equity domain aims to describe the
relevant population and possible disparities involving health
care. Understanding how patients from different social,
economic, ethnic, and cultural backgrounds experience HIT is
important for any global health data partnership because these
differences can drive care disparities[25,47]. Gathering together
concepts of population demographics, social structure, and
community development provides a starting point to gain
necessary insights. These social and demographic variableshelp
contextualize pragmatic concerns surrounding patient privacy,
access, health discrepancies, and improper use of health data
[20]. Increased digitization of health care has several advantages
such as public health surveillance during COVID-19, but this
same surveillance infrastructure has implications for civil
liberties and governance that affect marginalized groups
differently [48]. For example, the Social Science Research
Council states that Black and Brown communities are subject
to disproportionate police surveillance and may be unable to
opt out of medical tracking and monitoring systems[48]. Being
aware of these issues in the local context is an important
component of responsible data stewardship.

Rationale for I ndices

Multimedia Appendix 3 [49-61] presents the indices of this
domain categorized into 3 broad subdomains:

1. Population metrics include information about the density
and structure of the population. The indices were gathered
from data by the World Bank on population age structure
as percentages and from the United Nations on rural and
urban population density in thousands [49-52]. These
population metrics affect HIT in a variety of ways. For
example, countries with larger populations may require
more costly efforts to ameliorate data misuse [62,63]. In
addition, differencesin age structure and trends may affect
the demand and risk of health services and data technology
[64-66]. As noted by Knickman and Snell [64], the Baby
Boom generation is expected to double by 2030 and will
require substantially more health-related resources. The
increasing financial demand and use of health data may
affect thetechnical and logistical risks associated with HIT.

2. Socia Structure includes information about wealth
inequality, poverty, decentralization, and public trust. The
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indices were gathered from data by the World Bank, a
policy paper by World Bank affiliates titled How Close Is
Your Government to its People, and Edelman, a global
communications firm, as either a percentage or score
(1-100), as appropriate [53-56]. Wealth inequality and
poverty data provide insights into the economic aspect of
inequity. Decentralization has long been advocated by
international development agencies to improve health
system performance in LMICs [67]. A recent literature
review showed limited empirical data to support this
approach, but as a dominant theory in international
development, it should still be considered [68]. A lack of
public trust in government and health care systems can lead
to poor patient compliance with public health guidance,
delaying seeking care, and withholding of critical
information from providers [69]. This can lead to
incomplete or unreliable data. Low public trust can be a
symptom of either systematic failures of health systems or
breaches of trust at the interpersonal level, both of which
should be taken into consideration when discussing data
privacy and security.

3. Community Development includes information on human
development, access to electricity and the internet, literacy
rate, and social mediapenetration. The Human Devel opment
Index is a composite measure developed by the United
Nations that quantifies the capability of an individual to
livealong and healthy life and acquire resourcesfor abasic
standard of living as a value from 0 to 1 [57]. Other
descriptors of community development that focus on the
ability of acommunity to meaningfully leverage technology
areasoincluded. Data setsfrom the World Bank on internet
subscribers, accessto electricity, and literacy were gathered
as anumber (1-100) or percentage as appropriate [58-60].
Social media penetration was gathered from Statcounter
Global Stats as a percentage [61]. Basic resources such as
electricity and the internet are necessary to meaningfully
interact with HIT. This is true at the level of health care
facilitiesaswell asat theindividual level [2]. Settingswith
limited accessto theinternet and el ectricity may not be able
to implement a wide variety of privacy and security tools
such as two-factor authentication. Limited literacy can be
a barrier to people's ability to use and access technology
and data, which may make them more vulnerable to
exploitation [70,71]. This increases the human cost of
inadequate privacy and security in health care. More specific
concepts such as health and technology literacy may be
relevant and should be explored further [70,71].

Societal Freedom and Safety

Overview

Societa freedom is the liberty of an individual to function in
society without coercion; the Cato Institute defines this as “the
dignity of anindividual [72].” Asan ever-present societal factor,
it influences aspects of health care both directly and indirectly
[20,24,47,73]. The Societal Freedom and Safety domain aims
to quantify the absence of coercive societal constraints on
individual freedom within a country as well as the robustness
of civil and political liberties; it includes concepts such asliberty
of expression, social organization, and lawfulness. Overall,
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countries with more freedom (democratic) have more robust
health care systemsand lower mortality than countrieswith less
freedom (autocratic) [74,75]. Factors such as the rule of law
and the influence of civil society affect health and health
outcomes [76-78]. Pinzon-Rondon et al [76] found that
adherence to the rule of law is associated with a healthier
population, higher life expectancy, and lower adverse health
outcomes. These social parameters provide insights into how
likely a malicious data breach might be; whether the threat to
personal sensitive data might come from government or
nongovernment actors; and how vulnerable individuals may be
to adverse social, financial, and legal consequences in case of
abreach of privacy with respect to their personal health data.

Rationale for Indices

Multimedia Appendix 4 [72,79] presents the indices of this
domain along with an overall rank and score:

1. Personal Freedom includesinformation on therule of law,
safety and security, religious freedom, assembly and
association, expression, and identity and relationship. These
indiceswere gathered from the Human Freedom |ndex 2019
by the Cato Institute as an index value between 0 and 1
[72]. Personal freedom is important to consider for data
security becauseit highlights societal challengeswith data.
For example, religious hogtility and persecution,
surveillance of expression and information, geopolitical
concerns, and stigma toward historically marginalized
groups may increase the risk associated with access to
identifiable health information [7,80]. In a 2010 report by
the London School of Economics, the authors stressed the
importance of social context and appropriate safeguards
for HIT implementation, given the vast cultura and
environmental differences that can exist even within a
country [80]. In addition, limitations in assembly and
association may adversaly influence public heathinitiatives
and health policy [ 78]. These concepts can provide amore
nuanced assessment of the data security risk.

2. Economic Freedom includes economic liberty, sound
money, property rights, international trade, and regulation
of financial institutions. These indices have been gathered
from the Human Freedom Index 2019 by the Cato I nstitute
asan index value between 0 and 1 [ 72]. Economic freedom
provides insight into the financial opportunities for
individuals and organizations. In societies with high
economic freedom there may be additional economic
incentives to develop robust HIT [81]. There may also be
opportunities for private and public-private partnershipsto
enhance data security [82].
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3. Global Freedom isaconcept developed by Freedom House,
a US-based nonprofit focused on promoting democracy,
and published in their annual Freedom in the World Report
since 1973 [79,83]. It is a quantitative and qualitative
assessment of political rightsand civil libertiesin countries
and territories around the world, represented as a weight
score on a scale from —4 to 100. Evaluations of a country’s
electoral process, political participation, government
functioning, associational rights, rule of law, and personal
autonomy make up the global freedom score. Freedom
House also publishes other relevant indices such as the
Internet Freedom Score and Democracy Score, but these
cover a significantly smaller number of the world's
countries (65 countries and 29 countries, respectively) and
thus may not be as helpful in creating a standard analytical
approach.

Partnership and Trust

An increasing number of partnerships have been developing
between high-income countries and L M| Csto address the global
burden of disease. The success of these projects requires strong
partnerships, which involves establishing rapport [84].
Relationship building and trust have been shown to be critical
in navigating pragmatic obstacles as well as cultural and
logistical boundaries [85,86]. Wagner et a [85] highlight how
local coordinators and hosting communities are vital for the
execution of international projects, and therefore establishing
relationships and promoting ongoing collaboration are
imperative to the success of global health efforts.

The strength of partnerships may be a moderating factor for
concerns around patient data misuse. Organizations should
objectively evaluate their global health partnerships. However,
thereislimited literature on global health partnership assessment
tools. Instruments such as the Partnership Assessment Toolkit
do exist, but studies need to be conducted to better understand
their uses, limitations, and effectiveness [87,88]. To our
knowledge, there are no tools that specifically address health
data concerns. Given that each partnership is unique and
influenced by anumber of factors, we propose that thisdomain
should be a self-assessment completed by the collaborating
organizations. Relevant questions to explore include details
about the in-country partner, the length of time the partnership
has existed, the scope of the partnership, sensitive personal data
collection, and relevant data security expertise resources
available to the partners. Textbox 2 presents alist of potential
guestions to include in a self-assessment.
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Textbox 2. Potential questions for Partnership and Trust self-assessment.
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Questionstoincludein a self-assessment

. How long have your organizations worked together?

« How long has your partner been active in-country?

«  How much experience does your partner have with health data?
« Isyour local partner in good standing in-country?

«  What isyour organization’s reputation in-country?

« Isanofficia government entity with oversight over health, health care, or datainvolved in your project? If not, should they be?

«  Arethere known examples of health data misuse in the country?
o Inyour partnership, who owns the data?

«  Whoisresponsible for data security?

o  What, if any, sensitive patient data are being collected or used?

«  What physical, technical, and procedural measures have been taken to safeguard patient data?

«  What data safety and monitoring measures will be put in place?

« Doyou and your partner have the relevant experience to serve as data stewards?

Conceptual Framework

Figure 3 shows the relationship among these 5 domains and
how they might be leveraged to provide arisk stratification of
global hedth data partnerships. This type of conceptual
framework has been leveraged to address various issues in
informatics, such asthe devel opment of global health networks,
patient saf ety, and conceptual modelsfor research [89-91]. The
value of these conceptual frameworks is in laying out all the
components of agiven issue, exploring their interrelationships,
and identifying the emerging complexity [92]. In the current
framework, Demographics and Equity and Societal Freedom

provide a foundational understanding of a given country.
Economics of Health Care can be understood within that
context, and the State of HIT isinfluenced by, and builds upon,
all 3 domains. Partnership and Trust is amoderating factor for
all other variables. A long-standing, effective partnership with
high levels of trust and cooperation may overcome a number
of deficiencies in other domains, whereas an unstable or
ineffective partnership may suffer from serious data concerns
despite an otherwise favorable environment. The latter case is
often the causefor HIT implementation failuresin high-income
countries [93].

Figure 3. Four of the domains build on each other (Demographics and Equity, Economics of Health Care, Societal Freedom and Safety, and State of
Health Information Technology). These are moderated by the fifth domain, Partnership and Trust. Together, these domains can be evaluated to produce
arisk stratification for global health data partnerships and health information technology projects.

State of Health
Information
Technology

Economics of Health
Care

Societal Freedom
and Safety

Demographics and Equity

Discussion

Overview

As HIT deployments continue to progress in LMICs, data
security concernswill become more prevalent. The devel opment
of this conceptual framework is an attempt to better understand
the many variables that might affect health data security in a
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given country. There are a number of existing models for
assessing the maturity of HIT and data security [94]. However,
most of these models have been developed or applied in
high-income countries and make assumptions about the legal,
regulatory, and technical capacity aready in place; these
assumptions often do not hold true in LMICs. The hedth
systems of high-income countries (and the social, political, and
economic forces that support them) can vary significantly from
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those in LMICs. For example, in the review by Tarhan et a
[94], the authors provide the full list of countries in which the
maturity models they reviewed were developed and applied.
The average WHO health performance index of these countries
was 0.813 (SD 0.17), whereas the average health performance
index of CIS countriesis 0.612 (SD 0.12; P=.001 by 2-tailed,
2 sample t test) [38]. Therefore, it may not be meaningful to
apply existing maturity models to LMICs; to our knowledge,
there are no models explicitly developed for low-resource
settings.

Thegoal of our research is ultimately to develop an assessment
and decision support tool that organizations can use in their
global health partnerships. In the first version of this tool, we
anticipate a more qualitative approach in which organizations
use these domains to guide them in conducting a thorough
evaluation of projectsand partnerships. A second version of the
tool will have a more quantitative component; 4 of the 5 key
domainsweidentified use publicly available indices that could
be integrated into a mathematical model that describes health
data risk. Multimedia Appendix 5 presents the values for a
sampling of indices across the domains of Sate of HIT,
Economics of Health Care, Demographics and Equity, and
Societal Freedom. We have included 9 CI'S countries for which
data are available (Armenia, Azerbaijan, Belarus, Kazakhstan,
Kyrgyzstan, Moldova, Russia, Tgjikistan, and Ukraine). In
addition, data have been aggregated for several other countries
to serve asreference points for the 4 domains of interest. These
range from countries that have a track record of excellence in
public health (Germany, France, Switzerland, South Korea, and
Japan) to countries that have made significant advancesin HIT
(Estonia) and modernized their health care systems in other
geographic regions (China and South Africa), as well as the
United States. For the fifth domain, Partnership and Trust,
additional research and validation will be required to finalize
the self-assessment questionnaire.

The concept of bias was a recurring theme in many of the
sources we evaluated. During the COVID-19 epidemic, the
disproportionate impact that bias, discrimination, and racism
can have on health outcomes was highlighted at scale [95].
These social biases can easily be trandated into HIT; data sets,
algorithms, and predictive modelsare all subject to both explicit
and implicit bias[70]. Thetypes of individualswho areincluded
in data sets, the data elementsthat are and are not collected, the
variablesthat are highlighted, and the outcomesthat are sel ected
for can all result in HIT applications that adversely affect care
delivery and further drive health disparities among marginalized
groups[70,96,97]. Although not directly linked to data security
considerations (except to the extent to which security failures
may adversely affect members of marginalized groups, as
discussed previously in other domains), we believe that an
awareness of biasiscritica in any global health data partnership.
Additional research is needed to identify approachesto measure
and account for biases that may differ across settings.

Limitations

Our study includes several limitations. Although we reviewed
the literature to inform our research and approach, thereis till
a need for a comprehensive systematic literature review to be
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conducted and published. Given the evolving nature of the
subject, a scoping review methodology would be appropriate;
our research team is preparing to embark on this project [98].
Our proposed domains reflect our research and experience but
need further validation from the broader community of health
care, HIT, and public policy professionals. Our conceptual
framework has not been tested qualitatively or quantitatively
against real-world examples; thus, it remainsto be seenif it can
meaningfully capture the complexities and nuances of health
data security. Finally, it is unclear if our proposed indices will
result in auseful quantitative model of risk; further analysisis
required.

Next Steps

To advance our research agenda, we plan to engage in the
following activities:

1. Validate our conceptual framework: Additional work is
needed to validate our proposed framework. We will share
our framework publicly to gather both formal and informal
feedback from stakeholders around theworld. We will also
begin the work of applying the framework to real-world
examples in collaboration with local experts to test its
internal and external validity. Further literature review and
gualitative research will be needed to finadlize the
Partnership and Trust self-assessment.

2. Develop a qualitative assessment tool: Once we have
finalized and validated the framework, we will develop a
gualitative assessment tool that other organizations can use
to evaluate their existing data partnerships. This stage will
not only provide additional externa validation and
refinement of the framework, but will also provide the
opportunity to conduct user-centered design research to
improve the usability of thetool and related documentation.

3. Develop a quantitative model: We plan to work with our
data science colleagues to use both traditional statistical
methods and more modern machine learning approaches
to develop a quantitative model of our conceptual
framework. This will require extensive validation, but if
successful, it may result in arisk stratification that could
conceivably be calculated for every country, needing only
the Partnership and Trust self-assessment to provide local
context.

4. Dissemination of findings: Our overall goal is to support
how organizations make decisions around globa health
data partnerships. The current framework, assessment tools,
and quantitative models are al intended to help
organi zations make the best decisions possible in terms of
safeguarding patient datain LMICs. To that end, we intend
to use multiple avenues to disseminate our work, including
publications, presentations, webinars, and white papers.
We plan to collaborate with universities and
nongovernmental organizationsto help them to implement
the conceptual framework and associated tools.

Conclusions

Global health HIT partnerships have the potential to have a
positive impact in LMICs, leveraging the resources and
knowledge of partner organizationsto build in-country capacity
and expertise. However, there are gaps in the legal, technical,
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and regulatory environments in many LMICs, increasing the
risk of possible heath data misuse, particularly among
marginalized and vulnerable populations. Our conceptual
framework helps to identify key domains that may have an
impact on health data security considerations in global health
partnerships. Additional research is needed to further validate

Espinozaet a

and health care professionals to participate in improving this
framework. In the future, we hope to be able to leverage our
framework to create assessment and decision-making toolsthat
can be used to evaluate risk in other global health initiatives
such as clinical and academic partnerships, pandemic control,
and emergency response operations.

and improve the framework. We encourage global health, HIT,
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Abstract

Background: Poor physical fitness has anegativeimpact on overall health status. An increasing number of health-related mobile
apps have emerged to reduce the burden of medical care and the inconvenience of long-distance travel. However, few studies
have been conducted on home-based fitness tests using apps. Insufficient monitoring of physiological signals during fitness
assessments have been noted. Therefore, we developed R Plus Health, a digital health app that incorporates all the components
of afitness assessment with concomitant physiological signal monitoring.

Objective: The aim of this study is to investigate the test-retest reliability of home-based fitness assessments using the R Plus
Health app in healthy adults.

Methods: A total of 31 healthy young adults self-executed 2 fitness assessments using the R Plus Health app, with a 2- to 3-day
interval between assessments. The fitness assessments included cardiorespiratory endurance, strength, flexibility, mobility, and
balancetests. Theintraclass correlation coefficient was computed as ameasure of therelative reliability of the fitness assessments
and determined their consistency. The SE of measurement, smallest real difference at a 90% Cl, and Bland-Altman analyses
were used to assess agreement, sensitivity to real change, and systematic bias detection, respectively.

Results: The relative reliability of the fitness assessments using R Plus Health was moderate to good (intraclass correlation
coefficient 0.8-0.99 for raw scores, 0.69-0.99 for converted scores). The SE of measurement and smallest rea difference at a
90% CI were 1.44-6.91 and 3.36-16.11, respectively, in all fitness assessments. The 95% CI of the mean difference indicated no
significant systematic error between the assessments for the strength and balance tests. The Bland-Altman analyses revealed no
significant systematic bias between the assessments for all tests, with afew outliers. The Bland-Altman plotsillustrated narrow
limits of agreement for upper extremity strength, abdominal strength, and right leg stance tests, indicating good agreement between
the 2 assessments.

Conclusions. Home-based fitness assessments using the R Plus Health app were reliable and feasible in young, healthy adults.
The results of the fithess assessments can offer a comprehensive understanding of general health status and help prescribe safe
and suitable exercise training regimens. In future work, the app will be tested in different populations (eg, patients with chronic
diseases or users with poor fitness), and the results will be compared with clinical test results.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000030905; http://www.chictr.org.cn/showproj.aspx ?proj=50229

(IMIR Form Res 2021;5(12):e28040) doi:10.2196/28040
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Introduction

Background

Physical fitness plays an important role in overall health and
quality of life and is directly related to physical activity [1].
Regular physical activity confers headth benefits, such as
increased life expectancy and reduced mortality [2,3]. However,
the World Health Organization has reported that >80% of
adolescents globally do not engagein sufficient physical activity.
The prevalence of insufficient physical activity was 27.5%
among adults aged >18 years worldwide [4]. Studies have
indicated that physical inactivity isassociated with poor physical
fitness and increases not only the incidence and mortality rates
of chronic disease, but also the medical and economic burden
of disease[5-7]. Physical fitness has various degrees of influence
on the activities and quality of life [1,8]. Poor physical fitness
(below the 25th percentile of the fitness distribution) hasamuch
greater impact on the risk of cardiovascular disease than
insufficient physical activity [9]. Therefore, physical fithess
needs to be considered as afundamental assessment for people
with a higher risk of chronic diseases.

Several physical fitness assessment methods have been
established for reliability and vaidity. Physical fithess measures
typically consist of cardiorespiratory fitness, muscle strength,
endurance, agility, flexibility, and measures of body composition
[1,10,11]. The 3-minute step test is one of the common
cardiorespiratory fitness tests, consisting of stepping up and
down aheight of 23.0 cm-50.8 cm at aconsistent step rate [12].
The 3-minute step test was shown to bereliableand valid in the
general population and in patients with lung disease and
rheumatoid arthritis [12-17]. Sufficient muscle power and
endurance can reduce the risk of exercise injury and enhance
cardiorespiratory capacity [18-20]. Wall squatting, push-up,
and curl-up tests are common strength tests for the lower and
upper extremities and abdomina muscles with established
validity and reliability [11,21-23]. Balance and flexibility are
important because poor stability may increase the risk of falls
and limit functional activities [24-27]. Insufficient flexibility
and mobility may restrict movement and cause pain [28-30].
Balance tests, the toe-touch test, the sit-and-reach test, and the
Apley shoulder scratch test are common teststo assess balance,
flexibility, and mobility [26,31-33]. However, most of these
fitness tests are administered by a professional face to face, so
patients or clients need to be present at aclinic or gym.

In consideration of cost and travel barriers, self-administered
and home-based fitness tests may be more suitable for many
people. However, thereis currently little research on home-based
fitness tests. One study showed that the home-based Senior
Fitness Test, using inertia sensors and a depth camera, led to
greater leg or arm strength, aerobic endurance, and flexibility
[29]. The InterWalk Fitness Test incorporates indirect
calorimetry and acceleration monitoring and was found to be
accurate and reliable for personswith type 2 diabetes[34]. The
self-administered Canadian Home Fitness Test was devel oped

https://formative.jmir.org/2021/12/e28040

to assess cardiorespiratory endurance with adouble 8-inch step
and has an established record of safety and predictive ability
[35-37]. Additional reliable home-based fitness tests that are
easy to use and record data on accessible software platforms
are needed.

As mobile technologies have advanced, an increasing number
of health-related apps have emerged [38]. Some health apps
provide patient education about lifestyle and health behaviors,
some provide pain management, and others provide physical
fitness assessments or interventions [34,38-40]. Among
commercial fitness apps, most focus on cardiorespiratory fitness
assessments, such asthe submaximal walking data collected by
a smartphone's accelerometer [40]. Some apps focus on
functional performance, such as movement speed or leg strength
during functional activities [41]. However, most commercial
fitness apps lack supporting evidence [40]. Only afew fitness
apps have been tested for validity and reliability, and most are
rated as having moderate to good validity [34,42-44].
Insufficient monitoring of physiological signals (eg, heart rate)
during cardiorespiratory fitness assessment was noted among
the available apps [40]. Therefore, we designed R Plus Health
(Recovery Plus Inc), a digital health app that incorporates all
the usual components of afitness assessment but also monitors
physiological signals.

Objective

The aim of this study is to investigate the test-retest reliability

of home-based fitness assessments using the R Plus Health app
in healthy young adults.

Methods

Participants

A total of 31 participants were recruited with convenience
sampling from 4 departments of a technology company in
Chengdu, China. Sampling was performed via random draw.
The inclusion criteria were healthy adults with normal health
examinations, aged between 18 and 75 years, and with the ability
to use smartphones. Those who rated more than 3 out of 10 on
the visual analog pain scale; had poor compliance or were not
willing to cooperate with the assessment; had regular
strengthening sessions during the study period; had a history of
alcohol abuse or illegal drug use; were pregnant, lactating, or
trying to become pregnant; had participated in other clinical
trials within 3 months before this study; and had uncontrolled
chronic diseases were excluded. The participants received oral
and written information about the study, and informed consent
was obtained from all participants. This study was approved by
the Chinese Ethics Committee of Registering Clinical Trias
(ChiCTR2000030905).

R PlusHealth App

The R PlusHealth app was devel oped asatool for healthy adults
and patients with chronic diseases. It includes fitness
assessments and individualized exercise prescriptions with
physiological signal monitors (eg, heart rate monitor). After
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downloading the R Plus Health app, the participants received
an informed safety declaration and completed a health
guestionnaire, which was checked by doctors or other
professional health care providers on theweb. Through oral and
video guidance, the participants were then instructed on how
to perform the fitness assessments with maximal effort. The
fitness assessmentsin the app included cardiorespiratory fitness,
strength, balance, mobility, and flexibility tests (Figure 1). These
fitness assessments have established clinical validity and
reliability [12-25,30-33]. To complete the cardiorespiratory

Figure 1. Video demonstration of the push-up test.

X Get Ready - Push-Up (Male)

Figure 2. Demonstration of how to wear the heart rate monitor strap.

https://formative.jmir.org/2021/12/e28040
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fitness test and record a real-time heart rate, the participants
were required to wear a heart rate monitor below the sternum
on astrap around the chest during testing (Figure 2). The heart
rate monitor (Magene H64 dual protocol heart rate sensor) is
compatible with the app and has Conformite Europeenne and
Federal Communications Commission certification. Finally,
according to the results of the fitness assessments and the overall
health condition of each participant, a proper individualized
exercise prescription was suggested by professional teams in

the app.

Yo

i" Let’s start exercise!

.
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Assessment Procedures

Eligible participants enrolled in the study, provided informed
consent, downloaded the R Plus Health app, and filled in the
health questionnaire with the assistance of a physiotherapist.
The physiotherapist recorded the basic data, including pain level
on avisual analog scale and the overall health condition of the
participants, at the baseline and final assessments.

All participants self-administered 2 fitness assessments with a
2- to 3-day interval between assessments to provide the best
reproducibility [45]. Thefitness assessments were administered
sequentially (cardiorespiratory endurance, strength, flexibility,
mobility, and balance). The participants followed the guidance
and instructionsin the app for each fitness assessment.

The 3-minute step test measures cardiorespiratory endurance
based on how quickly the heart rate returns to normal after a
3-minute step exercise[12,13]. First, the heart rate monitor strap
was worh for a 5-minute rest period beside the 30-cm step (to
establish a baseline). After watching the tutorial videos in the
app, the participants stepped up and down at 96 beats per minute
(bpm) using a metronome for a total of 3 minutes. After
finishing the test, the participants rested for 1 minute. The
participants could suspend the test if any discomfort occurred.

The push-up and curl-up tests measure muscle strength and
endurance in the upper limbs and abdomen, respectively, based
on the number of completed repetitions [11,21,23,46]. When
performing the push-up test, there were 2 variations in the
starting position. The standard push-up test involved having the
knees off the ground in the push-up position and was used for
male participants. The modified push-up test involved having
the knees on the ground and was used for female participants.
The participants performed as many push-ups as possible with
the correct form within 40 seconds. The curl-up test began with
the participantslying on their back, knees bent at approximately
90°, feet flat on the floor, and arms straight with the palms of
their hands resting on their thighs. The participants curled up
and down at 40 bpm using a metronome. If the participants
could not continue or stopped for more than 5 seconds, they
clicked the completed button and recorded the repetitions.

Thewall squatting test measures muscle strength and endurance
in the lower limbs based on the holding time [11,22]. The wall
sguatting test began with the participantsin astanding position,
feet shoulder width apart and back against the wall; then, both
knees were bent at a 90° angle. The participants held this
sguatting position for aslong as possible. When the participants
werefinished, they could click the completed button and record
thetotal time. If the participants held the position for more than
150 seconds, the app finished the test automatically.

The sit-and-reach test measuresthe flexibility of the hamstrings
and the lower back with aruler based on the distance[11,30,32].
The participants sat on the floor with their legs straight and their
heels in line with a ruler, hands stacked, and palms facing
downward. They then reached forward as far as possible along
the measuring line. After reaching forward, the participants
recorded their distance in centimeters.

TheApley scratch test or the upper extremity (UE) multipattern
test measures the mobility of the upper limbs based on the
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Linetd

distance between the middlefingers[33]. Therewere 2 patterns
of upper limb flexibility: shoulder flexion, abduction, and
external rotation and shoulder extension, adduction, and internal
rotation. The participants performed these 2 patterns of
movement for each upper limb and recorded the distance
between both middle fingers. The results were classified as
above average, normal, or below average.

The one-leg stance test measures balance based on the holding
time [26]. The participants stood on one leg, bent the other leg
15-20 cm off the ground with their eyes open and their arms
beside the hips. The participants maintained their balance for
aslong aspossible. If the participants|ost balance, they clicked
the completed button, and the time was recorded in the app
automatically. If the participants maintained balance for more
than 30 seconds, the app finished the test automatically.

To minimize possible diurnal variation in physical fitness, the
participants wereinstructed to perform the 2 assessments at the
same time of the day. They were asked to avoid resistance
training and exhausting work between assessmentsto minimize
the potential effects of fatigue. After each test, the participants
immediately recorded the results on paper to avoid recall effects
and then sent them to the researchers. The researchers concealed
the data of the participants in an envelope for anonymity and
encoded the names as humbers to protect the privacy of the
participants.

Outcome M easures

At the baseline assessment, the descriptive data, pain score, and
health condition of the participants were evaluated by a
physiotherapist. Descriptive dataincluded age, sex, height, and
weight. The pain level was assessed using avisual analog scale
from O (no pain) to 10 (worst pain). Health condition was
assessed using a health-related questionnaire in the app and by
a physiotherapist.

The outcomes of each fitness assessment included the raw data
and converted score. The raw data were recorded as bpm,
repetitions, seconds, and an ordinal scale. The converted scores
(0-100) were computed using the app through normative data
and a self-established score conversion system on the basis of
the raw data.

The participantsrecorded the heart rate in bpm asraw data, and
the converted scores used the same units. If someone could not
complete the 3-minute step test, the reason was noted [12]. In
each cardiorespiratory fitnesstest, 2 measurements were made:
the average resting heart rate during the 5-minute rest period
and the 1-minute recovery heart rate after the 3-minute step test.

The outcomes of the push-up, wall squatting, and curl-up tests
were recorded as completed repetitions and total time. The
flexibility of the lower limbs and lower back was measured in
centimeters from negative to positive values. The mobility of
the upper limbs was classified as above average, normal, or
below average. The one-leg stance test recorded the total time
in seconds [26,31-33].

Data Analysis

Statistical analyses were conducted using SPSS 20.0 software
(IBM Inc). Descriptive statistics were presented in the form of
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mean and SD, and the relative and absolute test-retest
reliabilities of the fitness assessmentswere estimated separately.

Relative Reliability

Therelativereliability of the fitness assessmentswas calculated
using the intraclass correlation coefficient (ICC) with a 2-way
mixed model (type absolute agreement). On the basis of the
95% Cls of the ICC estimates, agreement was rated as poor
(<0.5), moderate (between 0.5 and 0.75), good (between 0.75
and 0.9), or excellent (>0.9) [47].

Absolute Reliability

The absolutereliability of the fitness assessments was eval uated
using the SE of measurement (SEM), the smallest real difference
(SRD), and Bland—-Altman analyses[47,48]. The SEM expressed
the measurement error variation between the assessmentswithin
agroup and was calculated as SD oy % V(1-1CC) [49]. In this
formula, SD ¢ iNdicatesthe pooled SD for the 2 assessments.
The SRD is a measure of sensitivity to change, represented as
the magnitude of the change detected at a certain CI [50]. The
SRDy, is defined as the SEM of the difference scores at a 90%
confidence level and was calculated as 1.65xV2xSEM [48]. If
the difference between the 2 assessments was greater than the
SRD, it wasinterpreted asareal change. For all measurements,
the smaller the SEM and SRD, the greater the reliability.

Table 1. Characteristics of the participants (N=31).

Linetd

The Bland-Altman analyses and plots assessed the agreement
or repeatability of the 2 assessments [49,51]. They estimated
the mean and SD difference between the 2 assessments and
established limits of agreement (LOA) within a 95% CI [51].
The 95% LOA was cadculaaed as the mean
differencet(SD g% 1.96). The SDg indicates the SD of the
difference between 2 measurements [48]. The scatter plots show
the relationship between the difference between the 2
assessments (y-axis) and the mean of the 2 assessments (x-axis).
More point scattering within the 95% LOA, along with asmaller
range between the 2 limits, indicated a higher agreement [52,53].

Results

Overview

The characteristics of the participants and the descriptive
statistics of the fitness assessments at baseline are shown in
Tables 1 and 2, respectively. The study enrolled 31 participants
(Table 1), which exceeded the minimum sample size of 26
(effect size of 0.5 and power of 0.8) calculated using G* power
3.1 [54]. The average age was 27.25 (4.0) years, and they had
negligible pain (mean 0.19 out of 10 on the visual analog scale),
which did not worsen during testing.

Characteristic Values
Age (years), mean (SD) 27.25 (4.0)
Sex, n (%)

Female 16 (52)

Male 15 (48)
Height (cm), mean (SD) 168.66 (7.61)
Weight (kg), mean (SD) 60.23 (11.41)
BMI (kg/m?), mean (SD) 21.03(2.79)

Health status

Pain assessment (range 0-10), mean (SD)

Normal health examination
0.19 (0.65)
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Table 2. Fitness assessments of the participants at baseline (N=31).
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Domain and test items

Raw data, mean (SD)

Converted score?, mean (SD)

Cardiovascular fitness

HR® at rest® (opm®) 74.81 (9.6) 51.23 (16.5)
1-minute HR after test® (bpm) 92.26 (18.3) 60.19(19.1)
UE' strength: push-up (repetitions) 12.94(9.3) 58.71 (18.3)
Abdominal strength: curl-up (repetitions) 19.55 (13.7) 51.29 (18.8)
LEY strength: wall squatting (seconds) 63.03(26.1) 53.23(18.1)
LE flexibility: sit-and-reach (centimeters) 2.85(14.2) 57.74 (25.3)
Balance ability 93.23 (19.4)
Right leg stance (seconds) 31.77 (14.4) _h
Left leg stance (seconds) 30.55 (9.9) —
UE mobility' 65.48 (18.8)
UE multipattern (above average), n (%) —
Right UE 23 (74)
Left UE 16 (52)
UE multipattern (normal), n (%) —
Right UE 3(10)
Left UE 6 (19)
UE multipattern (below average), n (%) —
Right UE 5(16)
Left UE 9(29)

8Converted score (0-100) from raw datain the app using normative data.
PHR: heart rate.

CResting heart rate measurement.

dbpm: beats per minute.

®Heart rate recovery 1 minute after the 3-minute step test.

fUE: upper extremity.

9LE: lower extremity.

PNot available; no converted score was cal cul ated respectively because the scores were averaged in balance ability.
"The upper extremity multipattern test was categorized into 3 classes (above average, normal, and below average).

Table 2 showsthe results of the baseline fitness assessments as
raw data (mean [SD]) and converted score (0-100). At the
baseline assessments, the average heart rate was 74.81 bpm at
rest, and the 1-minute recovery heart rate was 92.26 bpm after
the 3-minute step test. In the strength tests, the average number
of completed repetitionswas 12.94 push-upsand 19.55 curl-ups,
and the average holding time for the sguatting test was 63.03
seconds.
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Relative Reliability

Table 3 summarizes the test-retest reliability of al the fitness
assessments. On the basis of the raw data, the ICCsfor all tests
were 0.8-0.99. On the basis of the converted scores, the ICCs
for al tests were 0.69 to 0.99. In most tests, the 95% CI was
>0.5.
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Table 3. Test-retest reliability of the fitness assessments (N=31).

Test items ICC?for the raw data ICC for the converted score
HRY at res® 0.80 (0.58-0.90) 0.69 (0.34-0.85)

1-minute HR after testd 0.92 (0.84-0.96) 0.82 (0.63-0.92)

UE strength® 0.97 (0.94-0.99) 0.97 (0.93-0.99)
Abdominal strengthf 0.98 (0.95-0.99) 0.94 (0.87-0.97)

LE strength® 0.93 (0.85-0.96) 0.82 (0.63-0.92)

LE flexibility" 0.89 (0.77-0.95) 1

UE mobility' N/A) 0.99(0.98-0.99)

Right leg stance 0.99 (0.98-0.99) 0.75 (0.5-0.88)

Left leg stance 0.89 (0.77-0.95) 0.75 (0.5-0.88)

8 CC: intraclass correlation coefficient (at a 95% Cl).

PHR: heart rate.

CResting heart rate measurement.

91-minute HR after test: heart rate recovery 1 minute after the 3-minute step test.

€UE strength: upper extremity strength (push-up test).

fCurl-up test.

91_E strength: lower extremity strength (wall squatting test).

PLE flexi bility: lower extremity flexibility (sit-and-reach test).

UE mobility: upper extremity mobility (upper extremity multipattern test).

IN/A: not applicable; nointraclass correl ation coefficient value was cal cul ated because the raw data of the upper extremity mobility test wasthe percentage
of participants, not a continuous variable.

o Cl of the mean difference contained 0, indicating no significant
Absolute Reliability systematic error between the 2 assessments in strength (-6.28

The absolute reliability and Bland-Altman andyses are to 3.89 in the LE strength test and —1.54 to 0.89 in the UE
presented in Table 4. The SEM and SRDg, were 1.44-6.91and  gtrength test), flexibility (-2.65 to 3.57 in the LE flexibility

3.36-16.11, respectively, across the different assessments. The  test), and balance tests (-1.75to 0.07 in theright leg stance test
mean differences in UE strength, lower extremity (LE) and-5.58to 0.93in the l€eft leg stance test).
flexibility, and right leg balance tests were close to 0. The 95%
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Table 4. Absolute reliability of the fitness assessmentsin raw data.
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Raw data of test items SEM? SRDg” Bland—Altman analyses

d° SDgi® ~ SEofd®  95%Clofd LOAS
HR at restY (bpmh) 4.28 9.99 5.61 5.58 1.00 3.57t07.66 -5.32t016.55
1-minute HR after test' (bpm) 5.18 12.08 7.19 6.91 1.24 4.66109.73 ~6.341020.73
UE strengthd (repetitions) 161 3.76 -0.32 331 0.59 -15410089  -6.81106.17
Abdominal strength® (repetitions) 208 485 -1.74 4.00 0.72 -321t0-027  -958106.10
LE strength! (9 6.91 1611 -1.19 1387 249 -6.2810389  -28.381025.99
LE flexibility™ (cm) 471 10.99 0.46 8.47 152 -265t0357  -16.141017.06
Right leg stance () 1.44 3.36 -0.84 2.48 0.45 -175t0007  -570t04.02
Left leg stance (s) 3.28 7.66 -2.32 8.87 159 -5.58100.93 -19.70 to 15.06

8SEM: SE of measurement.

bSRDgo: smallest real difference at a 90% confidence level.
©d: mean difference between 2 trials.

dSDdiff: SD of mean difference.

€SDiss/Vn.

fLOA: limits of agreement (d[SDfrx1.96]).

9HR at rest: resting heart rate measurement.

hbpm: beats per minute.

11-minute HR after test: heart rate recovery in 1 minute after the 3-minute step test.

lue strength: upper extremity strength (push-up test).
Kabdominal strength: curl-up test.

ILE strength: lower extremity strength (wall squatting test).
M_E flexibility: lower extremity flexibility (sit-and-reach test).

Figures 3-10 show the Bland-Altman plots of the differences
between the 2 measurementsfor all tests. Reference lines show
mean differences between time 1 and time 2 (solid line) and
95% L OA for the mean difference (dotted lines). The differences
for most of the tests were within the 95% CI. The LOA were
-5.32 to 16.55 for the heart rate at rest and —6.34 to 20.73 for
the 1-minute heart rate after test. The LOA were —-6.81t0 6.17

https://formative.jmir.org/2021/12/e28040

inthe UE strength test, —9.58 to 6.10 in the abdominal strength
test, and —28.38t0 25.99 in the L E strength test. The LOA were
-16.14 to 17.06 in the LE flexibility test, —5.70 to 4.02 in the
right leg stance test, and —19.70 to 15.06 in the left leg stance
test. There were at most 3 outliers in the 1-minute heart rate
after, LE strength, and right leg stance tests.
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Figure 3. The Bland-Altman plots of differences between the 2 measurementsin heart rate at rest. HR: heart rate.
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Figure 4. The Bland-Altman plots of differences between the 2 measurementsin 1-minute heart rate recovery. HR: heart rate.
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Figure 5. The Bland-Altman plots of differences between the 2 measurements in abdominal strength assessments. ab: abdominal.

15.00-
o

&

o 1000

E

i

-

1]

E ............................................................
2 5o

L

=

= o

o o o

E 4

7] o o o o

] 004 ©00000 000 o o

£ (o] o

[ 1] [#]

(4]

c o o

o o o

@
£ 5007 o
(]

o
R
1 || I || 1
.00 10.00 20.00 30.00 40.00

Mean in ab strength (Time 1-Time 2)

Figure 6. The Bland-Altman plots of differences between the 2 measurements in upper extremity strength assessments. UE: upper extremity.
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Figure 7. The Bland—-Altman plots of differences between the 2 measurementsin lower extremity strength assessments. LE: lower extremity.
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Figure 8. The Bland—-Altman plots of differences between the 2 measurementsin LE flexibility tests. LE: lower extremity.
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Figure 9. The Bland-Altman plots of differences between the 2 measurements in right leg stance tests. R: right.
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Figure 10. The Bland-Altman plots of differences between the 2 measurementsin left leg stance tests. L: left.
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Discussion

Principal Findings

Thisisthe first study to investigate the test-retest reliability of
home-based fithess assessments using a mobile health app in
young, healthy adults. The results showed a moderate to good
reliability of the fithess assessments. Therefore, through video
and oral guidance, the app was shown to be reliable when
applied to young users.

The self-administered fitness assessments in the app were
feasible, with a low risk of injury. All participants completed
the fitness assessments with the guidance of the R Plus Health
app. Although some participants enrolled in the study had mild
pain, they did not worsen after the fitness assessment. In other
clinical research, it has been shown that mobile apps are able
to conduct ecological momentary assessments, manage, and
monitor patients with good adherence, detect symptoms, and
evaluate the condition of a patient [55-57]. Therefore,
well-designed mobile apps could offer a feasible means of
self-assessment for clients and clinicians.

Theresults of our study were consistent with those of previous
reliability studies [14]. Among the fitness assessments in the
app, the test-retest reliabilities were moderate to good in this
study. On the basis of the raw data, the ICCs for all tests were
0.8-0.99, indicating good to excellent reliability. On the basis
of the converted scores, the ICCs for al tests were 0.68-0.99,
indicating moderate to good reliability. The 95% Clswere above
0.5inmost tests. One previous study investigated thereliability
of web-based versus supervised cardiovascular fitness
assessments using the Young Men's Christian Association
3-minute step test for college students [14]. The results of that
study showed that there were no significant differences in the
recovery heart rate between the 2 groups and that self-assessed
cardiovascular fitness measurementswerereliable[14]. Another
study investigating the reliability of the Chester Step Test in
patients with chronic obstructive pulmonary disease showed
good reliability (ICC>0.8) [58]. In a previous analysis of
strength fitness tests, reliability was established in adolescents,
with ICCs of 0.7-0.9 in push-up, curl-up, and wall squatting
tests [59]. For balance tests, the ICCs of single-leg stance tests
were found to be >0.77 in young adults using a computerized
balance platform [60]. These findings suggest that, regardless
of the methods of assessing fitness capacity (eg, web-based and
supervised assessments), the use of standard procedures and
precise guidance under signal monitoring can ensure an accurate
measure of actual performance. Self-administered fitness
assessments in the R Plus Health app can be one of these
efficient and reliable methods.

In addition to the relative reliability, the absolute reliability can
demonstrate the agreement and sensitivity of the mean
differences between the assessments. The SRD is ameasure of
sensitivity to change and represents the magnitude of the change
at a certain confidence level [50]. If the difference between 2
assessments was larger than the SRD, it could be considered a
real change, and the smaller the SEM and SRDg, of the
difference, the greater thereliability. In this study, the SEM and
SRDg, ranged from 1.44-6.91 and 3.36-16.11, respectively. For
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example, if the change was more than 16.11 in thewall squatting
test, it was considered real at a 90% confidence level. In this
study, the SRDq, in the wall squatting, push-up, and curl-up
testswere 16.11, 3.76, and 4.85, respectively. These valueswere
greater than the between-assessment changes reported in a
previous study, which were 6.2, 2.6, and 0.1 for the wall
sguatting, push-up, and curl-up tests, respectively [59]. Different
results might be because of different populations, ages, and
experimental designs.

The Bland-Altman analyses and plots were generated to
measure the repeatability of 2 measurement systemsor of severa
trials using one method [49,51]. The scattering of data points
within the 95% LOA and a smaller range between the 2 limits
indicated higher agreement [52,53]. The 95% CI of the mean
difference contained 0, indicating no significant systematic error
between the 2 assessments for the strength, flexibility, and
balance tests. The range of the LOA was dlightly narrower in
the UE strength (-6.81 to 6.17), abdominal muscle strength
(-9.58 to 6.10), and right leg stance (-5.70 to 4.02) tests,
indicating higher agreement. There was at least one outlier in
each fitness assessment, and at most 3 outliers (in the 1-minute
heart rate, LE strength, and right leg stance tests), which might
be due to familiarization or fatigue in the second test.

Sufficient physical fitnessiscritical indaily life. It can decrease
therisk of cardiovascular disease, pain, and injuriesand improve
the performance of life activities[9,18-20]. From the results of
the cardiorespiratory fitness assessmentsin this study, the mean
heart rate after 1-minute recovery from the step test was 92.26
bpm, indicating above average fitness base on the normative
data [61]. In the LE strength wall squatting test, the mean
holding time was 63.03 seconds, indicating an average fitness
level [62]. In the LE flexibility sit-and-reach test, the mean
distance was 2.85 cm, categorized as an average fitness level
[11]. Even though the enrolled participants were generally in
good health, they were below average in some of the fitness
components. In the push-up test for UE strength and the curl-up
test for abdomina muscle strength test, the mean number of
repetitionswas 12.94 and 19.55, respectively, which was below
average based on the normative data and showed a need for
improvement [63,64]. In the single-leg stance balance test, the
mean holding time was 30 seconds (31.77 seconds for the right
leg and 30.55 seconds for the left leg), indicating a below
averagefitnesslevel [65]. Lack of muscle strength and balance
can increase the risk of falls, pain, and injuries and limit daily
life activities [24-27]. Therefore, comprehensive fitness
assessments are essential.

Each participant differed in their performance in the physical
fitness assessments according to variable self-conditions
between the 2 assessments, and the results also differed from
one participant to another. Even in healthy participants without
chronic diseases, mild pain can lead to low strength in the
extremities. Pain can inhibit muscle firing, and the lack of
muscle contraction can decrease the stability of the joints and
inturn, produce pain [66]. In other situations, insufficient muscle
strength can lead to poor cardiorespiratory fitness. Evidence
has shown that muscular fitness is related to cardiovascular
prognosis and mortality [67]. As a result, according to the
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individual situation, it isimportant to detect weaknessesin the
fitness profile and provide proper assessments and advice to
clients. Through acomprehensive fitness assessment composed
of cardiovascular endurance, strength, flexibility, and balance
tests, the R Plus Health app can provide clinicians with a
complete picture of the clients' fitness. Clinicians can then
choose to provide other detailed assessments on the web or at
the clinic, which not only increases the efficiency of the
evaluations but al so decreases the medical and economic burden.

Limitations and Future Studies

This study had several limitations. First, the level of difficulty
in similar assessments differed from one participant to another,
which may lead to ceiling or floor effects. According to the
individual situation, automatic adjustment of the grade of
assessments will be essential. Second, it isdifficult to ascertain
the accuracy of the performance assessmentsin the app without
professional supervision. That is, the results of the app might
not be identica to testing under professional supervision. In
this study design, the results from different testing situations
(with or without supervision) could not be compared. One
solution to this problem would be to apply suitable monitoring
equipment (eg, motion capture analysisand artificial intelligence
techniques) to increase the precision of the assessments.
However, this creates an additional technological burden.

Linetd

Cross-validation of the outcomes collected by the app versus
professional staff will be the subject of future studies. Third,
the study recruited young, healthy adults, so the results of the
fithess assessments should not be generalized to other
populations, such as older adults or patients with chronic
diseases. Therefore, the fitness assessments in the app need to
be conducted in other populations to compare the results
between the app and clinical testing. Testing of the R Plus
Health app in additional populations will be conducted in the
future.

Conclusions

Home-based fitness assessments using amobile health app were
reliableand feasiblein young, hedthy adults. The results showed
moderate to good reliability, and the testing process caused
negligible pain effects. This study highlighted an important
contribution of mobile health apps to health care, that is, that
healthy adults can self-administer fitness tests and thereby
reduce overall costs. The results of mobile fitness assessments
can offer areliable understanding of aperson’s health condition
and help prescribe a safe and suitable exercisetraining regimen.
Expansion of the use of thistechnology to different populations
(eg, patients with chronic diseases or users with poor fitness)
will offer widespread benefits to both patients and the health
care system.
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Abstract

Background: Mobile health (mHealth) interventions for weight management can result in weight loss outcomes comparable
to in-person treatments. However, there islittle information on implementing these treatments in real-world settings.

Objective: Thiswork aimed to answer two implementation research questions related to mHealth for weight management: (1)
what are barriers and facilitators to mHealth adoption (initial use) and engagement (continued use)? and (2) what are patient
beliefs about the appropriateness (ie, perceived fit, relevance, or compatibility) of mHealth for weight management?

Methods: We conducted semistructured interviews with patients with obesity at a single facility in an integrated health care
system (the Veterans Health Administration). All participants had been referred to anew mHealth program, which included access
to alive coach. We performed arapid qualitative analysis of interviews to identify themes related to the adoption of, engagement
with, and appropriateness of mHealth for weight management.

Results: We interviewed 24 veterans, seven of whom used the mHealth program. Almost all participants were 245 years of age
and two-thirds were White. Rapid analysis identified three themes: (1) coaching both facilitates and prevents mHealth adoption
and engagement by promoting accountability but leading to guilt among those not meeting goals; (2) preferences regarding the
mode of treatment delivery, usability, and treatment content were barriers to mHealth appropriateness and adoption, including
preferences for in-person care and adislike of self-monitoring; and (3) asingle invitation was not sufficient to facilitate adoption
of anew mHealth program. Themes were unrelated to participants age, race, or ethnicity.

Conclusions: Inastudy assessing real-world use of mHealth in agroup of middle-aged and older adults, we found that—despite
free accessto mHealth with alive coach—most did not compl ete the registration process. Our findings suggest that implementing
mHealth for weight management requires more than one information session. Findings also suggest that focusing on the coaching
relationship and how users’ lives and goals change over time may be an important way to facilitate engagement and improved
health. Most participants thought mHealth was appropriate for weight management, with some neverthel ess preferring in-person
care. Therefore, the best way to guarantee equitable care will be to ensure multiple routesto achieving the same behavioral health
goals. Veterans Health Administration patients have the option of using mHealth for weight management, but can also attend
group weight management programs or single-session nutrition classes or access fitness facilities. Health care policy does not
allow such accessfor most peoplein the United States; however, expanded accessto behavioral weight management isan important
long-term goal to ensure health for all.

(IMIR Form Res 2021;5(12):€29916) doi:10.2196/29916
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Introduction

Obesity affects roughly 40% of adults in the United States [1]
and i s associated with many negative outcomes, including social
stigmaand chronic conditions, such as diabetes and heart disease
[2,3]. Although weight management requires|ong-term, complex
behavior change, behavioral weight management programs
result in reduced weight, morbidity, and mortality [4-6]. For
example, MOVE!, the Veterans Health Administration’s (VHA)
flagship weight management program, has been associated with
reductions in cardiovascular disease [7] and reductions in
diabetes complications [8]. However, while 94% of VHA
patients with overweight or obesity are offered weight
management programs, only 10% usethem [9]. Research outside
the VHA inthe United States does not typically focusoninitial
engagement in weight management programs because it is
difficult to define the denominator of the target population.
However, existing work outside Veterans Affairs (VA) also
suggests low engagement rates [10-14].

Mobile health (mHealth) interventions for weight management
can result in weight loss outcomes comparable to in-person
treatments, although results are mixed [15-17]. For example,
Track isan mHealth intervention for adult patients with obesity
and related comorbidities (eg, diabetes, hypertension) [18]. It
provides app-based self-monitoring in addition to
dietician-delivered counseling calls with tailored feedback. In
a 12-month effectiveness randomized controlled trial a a
community health center, participants randomized to Track were
more likely to lose at least 5% of their baseline weight. Given
the ubiquity of smartphones[19], increasing accessto mHealth
for weight management could increase weight management
program use and improve patient health. However, there is
relatively littleinformation on implementing mHealth for weight
management in routine practice settings, particularly among
older adults and with regard to patient-level factors [20].

In this work, we performed a qualitative analysis of patient
interviews to answer two research questions about
implementation outcomes among a sample of primary care
patients with obesity: (1) what are barriers and facilitators to
mHealth adoption and engagement? and (2) what are patient
beliefs about the appropriateness of mHealth for weight
management? We conducted this work at the VA Palo Alto
Health Care System, which had recently implemented an
evidence-based [21] commercial smartphone app designed to
facilitate weight management and other health behaviors.
Starting in March 2019, VA Palo Alto patients were offered
access to this app for at least 6 months. The mHealth program
includes app-based content (eg, self-monitoring, information
modules, and exercises) and alive coach to facilitate goal setting
and attainment. Depending on patient preference, the content
on the app can be used alone or with coach support. There is
also more formal coach-supported content (eg, sessions based
on the Diabetes Prevention Program). As noted by Hermes and
colleagues[20], obtaining patient-level information on adoption
of, engagement with, and appropriateness of mHealth
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interventions is especialy important for implementing
patient-facing mHealth. VHA was an important setting for this
work as VHA patients represent a population not typically
studied in mHealth contexts (eg, older adults[22]).

Methods

Recruitment and I nterviews

Starting in March 2019, the VA Palo Alto Health Care System
offered primary care patients with obesity accessto an mHealth
program for weight management (Vida [21]). The mHealth
program was tailored for VHA patients—for example, there
was an effort to hire coacheswith firsthand military experience
or military experience viafamily members, or those who worked
inthemilitary ascivilians. Coaches also received onlinetraining
in military culture viaVHA's Talent Management System.

The program was advertised to and by primary care clinicians,
behavioral health staff, and weight management clinicians. It
was aso advertised at the main hospital’s weekly farmers
market, and through flyers and social media. In consultation
with the Public Affairs Office, ads and images were selected to
represent a diverse population with regard to age, sex, and
ethnicity. After learning about the mHealth program in one of
the af orementioned ways, patients had to contact VA Palo Alto
staff, express interest, and meet minimal criteria (ie, accessto
asmartphone with internet, no uncontrolled mental or physical
health conditions). Patients were then given an access code they
could use to download the app and begin the mHealth program.

Between February 2020 and October 2020, we used
administrative data to obtain a randomly chosen list of 77
potential participants who were VA Palo Alto adult primary
care patients with obesity (ie, body mass index =30) who had
been given an mHealth access code. We excluded 36 patients
from this list who no longer had a BMI =30, or who had a
hospitalization or suicide attempt in the past 30 days, cognitive
impairment, and/or a psychotic disorder diagnosis. We mailed
opt-out letters to the remaining 41 patients, calling potential
participants who did not opt out or otherwise contact study staff.
Interested and eligible patients completed the consent process
and a one-time interview over the phone (n=24 for a response
rate of 59%). We mailed opt-out letters in February, August,
and October 2020. We completed interviewsin February, March,
June, September, October, and November 2020. Therefore, data
collection was complete by November 2020. All participants
who completed the consent process aso completed the
interview. Interviews lasted roughly 45-60 minutes. Detailed,
typewritten notes were taken during interviews.
COVID-19-related technology problems prevented staff from
recording all interviews. However, roughly haf of theinterviews
were digitally audio-recorded (n=11). In most cases, each
interview consisted of one staff member and one participant.
The semistructured interview guide covered beliefs about weight
and weight management and was part of a larger study on that
topic. Questions most relevant to the present work arein Table
1 (full guide available upon request). We paid participants $50.
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Table 1. Most relevant interview questions and prompts.
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Question

Relevant prompts

Have you ever tried to lose weight? . N/AZ
Why did you try to lose weight? « N/A
How have you tried to lose weight? .

How/where did you learn about/use Vida?

«  What made it easy to learn about Vida?
«  What made it difficult to learn about Vida?

What got in the way of you trying to lose weight?

What got in the way of using Vida?

Would tailored information have changed your experience with Vida?

Did the coach and examples seem relevant to you?

What would have helped you use Vida?

What do you think of the idea of an app with alive coach to help with weight

management?

What helped you try to lose weight? .

What helped you use Vida?

«  How did the coach affect your experiences with Vida?

8N/A: not applicable.

Analysis

We used rapid qualitative analysis methods informed by Neal
and colleagues [23] and Nevedal and colleagues[24] to answer
the research questions: (1) what are barriers and facilitators to
mHealth adoption (initial use) and engagement (continued use,
ie, 2 or more uses)? and (2) what are patient beliefs about the
appropriateness (ie, perceived fit, relevance, or compatibility
[20]) of mHealth for weight management? Rapid analysis has
been shown to be faster than and as effective as other forms of
qualitative analysis for relatively straightforward research
guestions such as ours [24,25].

During and after each interview, we completed a matrix in
Microsoft Excel (Microsoft Corp) to identify key information
about participants mHealth experiences. The matrix had arow
for each participant. Columnsincluded deductive codesrelated
to our primary research questions:. whether participants used
Vida, mHealth barriers, and mHealth facilitators. There were
societal barriers and facilitators columns to note factors rel ated
to sociodemographic information and/or discrimination. There
was also an “other notes’ column, where researchers could
document information that did not fit into the aforementioned
columns. After all other information was entered into the matrix,
we added columns for participants gender, age, and
race/ethnicity to help us identify whether there were patterns
across those demographic groups. Analysts also wrote amemo
for each participant describing the entire interview.

After all interviews were complete, JYB and KA separately
performed inductive analysis by reviewing each barriers and

https://formative.jmir.org/2021/12/€29916

facilitators column and looking for themes—that is, repetition
of topics, salience of topics to participants, and negative cases
(casesthat were different or unique compared to other people).
They used the same process across rows to identify possible
themes within participants, finding none. The authors then met
to review themes and resolve discrepancies (there were few),
following which the two authors separately reviewed interview
memos to search for additional information on existing themes
or information on new themes. After meeting to compare results,
noting high agreement and no new themes, the authors settled
on a final list of themes and representative quotes from
participants. All methods were approved by the Stanford
University Institutional Review Board.

Results

Overview

We interviewed 24 veterans, 6 of whom were women. Only 2
participants were aged <45 years, and we had roughly equal
numbers of participants aged 45-64 years and =65 years.
Two-thirds of our samplewas White; other participants reported
their race/ethnicity as Black or African American, Asian,
Hispanic, or other. Table 2 provides additional detail. A total
of 7 participants reported adopting the mHealth program, 4 of
whom were women. For simplicity and to use the language of
mHealth, in the sections below we refer to participants who
adopted the mHealth program as users and those who did not
adopt the mHealth program as nonusers.
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Table 2. Participant characteristics.
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Characteristics Total Adopted _mHeaIth !:)id not qdopt mHealth
intervention intervention
Gender
Woman 6 4 2
Man 18 3 15
Race/ethnicity
White 16 5 11
Black or African American, Asian, Hispanic, and/or other 8 2 6
Total 24 7 17

We identified three themes related to the adoption of,
engagement with, and appropriateness of mHealth, which are
described below. Other than noting a greater proportion of
women used the mHealth program than men, we identified no
themes related to gender, age, or race/ethnicity. Some findings
did not fit under the specific themes, but influenced the
presentation of themes. First, most participants had tried multiple
weight loss methods, including other forms of mHealth. Second,
barriers and facilitators to mHealth adoption were similar
between users and nonusers, athough the latter necessarily
described hypothetical reasons. Finally, improving overall health
was the main weight management motivator for participants.

Theme 1: Coaching Both Facilitates and Prevents
mHealth Adoption and Engagement

A participant who used the mHealth program described this
theme most succinctly: “the coach...is a double-edged sword,
people need accountability, but at the same time they are
sometimes afraid of accountability.”

Participants said the live coach facilitated adoption and
engagement by facilitating accountability. As a user noted, the
coach “makes you responsible to answer to someone,” adding
that the accountability was “abig part of [my] success, setting
goals and expectations helped me alot.” Thiswas also true for
nonusers, with seven of 17 participants who did not use the
mHealth program saying they liked the idea of receiving health
coaching viamHealth and two expressing adesireto get another
the mHealth program access code after the interview. As one
participant who did not use the mHealth program said, the coach
was appealing because | always desire to have someone whom
| am accountable to, who is knowledgeable and supportive. In
the end we are all humans and need support.” Of note, users
and nonusers generally did not report a desire to have a coach
matched to them solely on demographic characteristics (“| don’t
care if they’'re male, female, Black, white”). Instead, they
focused on theimportance of connecting to the coachin at least
one way, which they were aslikely to describe as being related
to hobbies (eg, types of physical activity) versusademographic
characteristic (eg, gender).

At the sametime, participants al so described how coaches could
prevent adoption and engagement. First, feelings of guilt
engendered by not meeting goalsled participantsto stop meeting
with the coach and to stop using the app. For some participants,
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this was aso linked to shame, with one participant stating the
following:

| didn’t like the feeling of answering to someonewhen
| am not successful, | felt like | wasn't doing enough,
and | used to feel ashamed when | would think about
talking to the coach. This made meresistant to using
Vida.

For this participant, the feelings applied to doctors as well.
others, the guilt was linked to past health struggles:

For

| can't think of any drug addict or person who has a
flaw that likes to continuously focus on it. For me it
was like, jeez, | have to keep talking about this. Did
| do thisfood? Did | do thisactivity? Andit’slike ah,
| didn’t do it today. | would feel bad because | didn’t
stick to the plan. | know I’'m not disappointing her,
but that’s just the way it would go.

Notably, this participant acknowledged that the coach was not
judgmental, but that did not alleviate feelings of guilt. Comments
from nonusers also suggest a fear of disappointing even a
hypothetical coach:

Yes, what | really like about the idea is being
accountable to somebody. Being able to talk to
someone who can understand your issue and isgoing
to be helpful. 1 would like my coach to be
encouraging, supportive and understanding. [ A coach
that doesn't] make a hig deal when you miss
something [and] instead says, “ it's okay you missed
it today it'snot end of theworld, start a new day from
tomorrow.’

High coach turnover rates also prevented mHealth engagement
as it resulted in some participants having multiple coaches.
Participants described frustration arising from multiple
rapport-building attempts with new coaches, and ultimately
disengagement. As one participant said:

[ The coach] enhanced the whole experience, | looked
forward to talking to her every week, but then I
stopped | osing weight which frustrated me...and then
[171 had to travel and my counselor changed. | didn’'t
feel like building a relationship with a new person.

Theme 2: Preferences Regarding the M ode of
Treatment Ddlivery, Usability, and Treatment Content
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Were Barriersto mHealth Appropriatenessand
Adoption

While participants said mHealth was generally appropriate for
weight management, they al so noted that it was not appropriate
inall cases. In thisway, the mode of treatment delivery served
as a barrier for users and nonusers aike. For example, some
participants simply preferred in-person treatment. Asanonuser
noted, “I like the convenience of phone meetings, but there is
abetter accountability when you havein person appointments.”
Another nonuser suggested connecting patients to peers, for
example, “through a connected app where you're connected
with somebody else in a different part of the country...and
you're both going to lose weight together. You have a friend
and you're committed with somebody.”

Some users described a preference for in-person treatment,
despite being willing to try mHealth. One noted that the mHealth
program may not have worked for her because the coach “was
on thevideo thing...shewasn’'t in my face, shedidn’t know me
awhole lot,” adding that “it's a physical thing, in person, not
over the phone. | just didn’t connect with [virtua care].”

Half of participants who adopted the mHealth program thought
usability was poor—namely, that entering dietary information
was more difficult than other appsthey used. Some participants
noted they were already using a different kind of mHealth for
weight management. With regard to treatment content, several
participants said they did not use the mHealth program or did
not like using the mHealth program because they did not like
monitoring their food. Although, one participant noted that “I
can't say that | enjoy logging my food, but | have to
acknowledge that it makes a difference.”

Participants al so noted that treatment preferences could change
with life circumstances and competing demands. For example,
some noted that they learned about the mHealth program toward
the end of MOVE! and thought it would serve as way to
maintain weight management behaviors once MOVE! ended.
However, for at |east one participant, by thetime MOV E! ended,
his daughter’s needs superseded his own goals and prevented
mHealth adoption. For auser, her husband’s mental health care
took a substantial amount of time, which left her limited time
to engage in health behavior change. In addition, as another
user noted, one's own health could prevent engagement in
mHealth-related behaviors: “| was swimming for afew months
and then | had an open sore and | [couldn’t] get into the pool.”

Theme 3: A Single Invitation Was Not Sufficient to
Facilitate Adoption of a New mHealth Program

All participants in this study were given an access code for the
mHealth program. However, the most common—and therefore
primary—>barrier to mHealth adoption among participants was
not remembering they received an access code, with 12 of 17
nonusers giving this response. Of these 12, two participants
remembered seeing ads for the mHealth program, suggesting
some familiarity with the program.
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Discussion

Principal Findings

This is one of the first studies to assess adoption and
appropriateness of mHealth for weight management among a
group of middle-aged and older adults in a real-world setting.
Most participants viewed mHesalth as appropriate for weight
management. However, despite seeking out and being given
free access to an app with a live coach, the mgjority did not
completetheregistration process. Asaresult, the primary barrier
to adoption was not remembering they had access, suggesting
potential problems with the feasibility of the implementation
of thismHealth intervention. For those who adopted the mHealth
intervention, barriers to engagement included guilt and shame
related to not meeting goals, competing demands of everyday
life, and poor usability. Notably, these barriers were not related
to the age of participants. Other than women being more likely
to usethe mHealth program, we did not find noticeabl e patterns
by gender, age, race, or ethnicity.

Perhaps the most novel finding is that coaching was a
double-edged sword for participants. Coaching enticed people
to adopt the mHealth intervention. However, if they did not
consistently achieve their goals, coaching became a barrier to
continued engagement. Both guilt (discomfort with one's
actions) and shame (feeling like a person who cannot achieve
goals) wereforcesfor disengagement [26]. Thereisaliterature
on guilt and shamein relation to health behaviors. For example,
Thagersen-Ntoumani and colleagues found that higher ratings
of self-compassion in responseto dietary lapseswere associated
with less guilt and stronger goal perseverance intentions and
self-efficacy during weight loss attempts [27]. These results
suggest that promoting self-compassion may encourage
participation in coaching interventions when guilt and shame
may be at play. However, guilt, shame, and self-compassion
have not been a focus of the health coaching literature. Our
findings suggest this may be an important area of future
research. It is possible that mHealth coaching for weight
management requires more advanced training to build the
rapport necessary to overcome guilt and shame.

In addition, our findings highlight the importance of
acknowledging and working with ambival ence during behavior
change interventions. Motivational interviewing, which is a
counselling method used to resolve ambivalence, is associated
with weight lossin the context of eHealth and telehealth weight
loss programs[28]. Although it isapart of Vidacoach training,
our findings suggest that coaches may need to spend additional
time addressing ambivalence to ensure continued engagement.
Further, our findings related to guilt, shame, and ambivalence
may explain why coaching did not improve outcomes in an
mHealth intervention designed to increase physical activity
among veterans, even though coaching was front-loaded to
increase engagement [29]. These factors should be addressed
in future research.

It is also notable that participants generaly did not have
demographic criteria for coaches. Instead, they focused on a
need to connect with the coach across varied affinities. In this
study, the mHealth program was adjusted and coaches were
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trained to account for military culture. Therefore, while not
mentioned by participants, it is possible that military-related
tailoring was sufficient for participantsto feel an affinity to the
coach. Thisis heartening given that the intersectional nature of
identity [30] means that it is impossible to demographically
match al patients and coaches. At the same time, data from
in-person medical settings suggest that demographic matching
can influence health outcomes; for example, mortality islower
for Black infants when Black physicians provide care[31]. An
important area of future research includes determining whether
outcomes are better when coaches are matched on specific
characteristics and whether thisismoreimportant for historically
marginalized populations.

Our results also add to other findings from VHA patients using
aweb-based weight management program. A qualitative study
of women veterans using an online version of the Diabetes
Prevention Program had some similar results—the women liked
the ability to access intervention materials at any time on the
internet, but some did not like self-monitoring [32]. That digital
program resulted in higher participation rates than standard
VHA weight management programming [33], further
highlighting the potential utility of digital health in this context.

Our most actionable finding may be that a single referral to
mHealth is insufficient for adoption. Although this finding is
related to arelatively simple theme, solutions may be complex.
The Expert Recommendationsfor Implementing Change (ERIC)
suggest implementation strategies that might facilitate adoption,
including developing and distributing educational materials,
obtaining and using patient and family feedback, and using mass
media [34]. In the context of mHealth, this could include
repeated follow-up contacts viaphone, SM Stext message—based
reminders, and/or marketing materials sent to interested patients
more than once. Implementation efforts of other digital health
programs in VHA suggest that engaging clinicians and
leadership will be especialy important [35]. Health care systems
could aso learn from the private sector while using resources
like the Digital Health Checklist to ensure a match between
private sector and health care ethical standards[36].

Limitations

Limitations include a focus on VHA participants. VHA is an
integrated health care system that provides primary and speciaty
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physical and mental health careto its patients. Peoplereceiving
care in stand-alone clinics may have different experiences. In
addition, we did not have objective information on whether
participants used a specific mHealth program within the app
(eg, aprogram that had a specific number of sessions) asbarriers
and facilitators could differ across finite versus infinite
programs. We aso do not have information regarding
participants’ views of military-related tailoring. Although the
random sample of users invited to participate in this research
should have helped account for potential differences between
people who used the program earlier versus later, given our
small sample and limited information about the denominator
of people offered the program, the sample may not be
representative.

The primary limitation of this study relates to a primary
conclusion—few participants who received an access code to
anew mHealth program adopted it. Including fewer users than
nonusersin our sample could have led to missed themesrelated
to adoption. However, similarities in descriptions of barriers
and facilitators to adoption between users and nonusers
amelioratethis concern. Other strengthsinclude our older sample
and an analysis based on real-world mHealth use, which are not
commonly studied.

Conclusions

Our findings suggest that implementing an mHealth intervention
for weight management in an integrated system primarily
serving older adults requires more than one information session.
Findings also suggest that focusing future research on the
coaching relationship and how users’ lives and goals change
over time will be important for facilitating engagement and
improved health. Most participants thought the mHealth
i ntervention was appropriate for weight management, with some
neverthel ess preferring in-person care. Therefore, the best way
to ensure equitable care will be to ensure multiple routes to
achieving the same behavioral health goals. VHA patients have
the option of using mHealth for weight management, but can
aso attend group weight management programs or
single-session nutrition classes, or access fitness facilities.
Health care policy does not alow this for most people in the
United States; however, expanded access to behavioral weight
management programsis an important long-term goal to ensure
health for all.
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Abstract

Background: Fatigueisone of the most common and debilitating symptoms of multiple sclerosis (MS), experienced by more
than 80% of peoplewith MS. FACETS (Fatigue: Applying Cognitive Behavioral and Energy Effectiveness Techniquesto Lifestyle)
is an evidence-based, face-to-face, 6-session group fatigue management program for people with MS. Homework tasks are an
integral part of FACETS and are currently undertaken in a paper-based form. Feedback from a consultation undertaken with
FACETS attendees and health care professionals with experience in delivering the FACETS program suggested that being able
to complete the homework tasks digitally would be desirable, potentially enhancing engagement and adherence and enabling
on-the-go accessto fit into busy lifestyles. Relative to other long-term conditions, there are few apps specifically for MS and, of
those available, many have been developed with little or no input from people with MS.

Objective: The purpose of this mixed methods study was to create adigital toolkit comprising the homework tasks (eg, activity
diary, goal planner, thought diary) of the FACETS program for people with MS, considering end users’ unique requirements
throughout the design, build, prototyping, and testing stages.

Methods: Phase 1involved the elicitation of detailed user requirements for thetoolkit via 2 focus groups with previous attendees
of FACETS (n=3 and n=6) and wireframing. Phase 2 involved supervised usability testing with people with MS (n=11) with
iterative prototyping. The usability sessionsinvolved going through test scenarios using the FACET S toolkit on an Android test
phone with video capture and concurrent think-aloud followed by completion of the System Usability Scale (SUS) and a
semistructured interview collecting feedback about design, content, and functionality.

Results: The mean SUS score for the digital toolkit was 74.3 (SD 16.8, 95% CI 63.2-85.6; range 37.5-95), which equates to an
adjectiverating of good and aB grade (70th-79th percentile range) on the Sauro-L ewis curved grading scale. A number of usability
and design issues (such as simplifying overall screen flow to better meet users' needs) and suggestions for improvements (such
as using location-based services and displaying personalized information and progress via a central dashboard) were addressed
and implemented during the usability testing cycle.
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Conclusions: Thiswork highlights the importance of the participation of people with M S across the entire devel opment cycle,
working to a human-centered design methodology to enable a considered and M S-centered solution to be devel oped. Continued
horizon scanning for emergent technological enhancements will enable us to identify opportunities for further improvements to
the FACET Stoolkit prior to launch. Thetoolkit supports self-monitoring and management of fatigue and has potential applicability
to other long-term conditions where fatigue is a significant issue.

(IMIR Form Res 2021;5(12):€19230) doi:10.2196/19230
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Introduction

Background

Multiple sclerosis (MS) is a neurological condition affecting
the central nervous system. More than 2.5 million people
worldwide have MSwith over 130,000 in the United Kingdom
[1,2] at an estimated cost to the UK economy of £3.3 to £4.2
billion (US $4.5 to $5.7 billion) per annum [3]. Fatigue is one
of the most common and debilitating symptoms of MS [4],
experienced by over 80% of people with MS [5], and the main
reason for stopping work early [6]. FACETS (Fatigue: Applying
Cognitive Behavioral and Energy Effectiveness Techniques to

Table 1. Overview of the FACETS? program.

Lifestyle) is a group-based, face-to-face fatigue management
program for peoplewith M S devel oped by members of our team
that has been shown to be effective in a national multicenter
randomized controlled trial (RCT) funded by the UK M S Society
[7-11]. In response to the COVID-19 pandemic, some health
care professional s have been delivering the FACETS program
virtually (via video conferencing) with initial participant
feedback promising.

The program is delivered in 6 weekly sessions [8]. A key
component of the FACETS program isthe homework tasksthat
provide an opportunity for participantsto try out what they have
learned and put it into practice in their daily lives (Table 1).

Session no. Session title Homework elements

1 What is M SP-related fatigue? Activity and fatigue diary; energy measure
2 Opening an energy account Rest, activity, and sleep planner

3 Budgeting energy and smartening up goals Goal-setting exercise

4 Stress response; cognitive behavioral model Fatigue thought diary

5 Putting unhelpful thoughts on trial Thought challenge sheet

6 Recapping and taking the program forward Keeping-on-track planner

3FACETS: Fatigue: Applying Cognitive Behavioral and Energy Effectiveness Techniques to Lifestyle.

M S: multi ple sclerosis.

Given the favorable results from the national multicenter RCT
of FACETS[9-11] and subsequent rollout of the program, team
members conducted a consultation on behalf of the M S Society
to gather views from stakeholders (people with MS and health
care professionals) about potential digital delivery models to
enhancereach [12]. Self-guided web-based delivery modelsfor
fatigue management have shown promise in MS, although
dropout rates have tended to be relatively high [13,14], a
common issue encountered in eHealth trials[15]. Findingsfrom
the consultation indicated that stakehol ders considered an online
delivery model of FACETS to be of value [12], although not a
direct replacement for the face-to-face version. An online
e-learning package was deemed the best way to deliver a
minimum viable solution—a product requiring only a limited
amount of devel opment timethat isimplemented with aminimal
number of featuresto provide abasic working model with scope
for future expansion and improvement. This has now been
launched by the MS Society [16].

https://formative.jmir.org/2021/12/€19230

During the consultation, it also became apparent there were no
high-quality free apps that could support digital completion of
the FACETS homework tasks. A separate key recommendation,
therefore, was to initiate a project to create a free stand-alone
digital toolkit consolidating the structured homework elements
of the FACETS program [12]. This project forms the focus of

our paper.

Smartphone ownership and use is high in people with MS
[17-19]. An app format would have the advantage of permitting
on-the-go access and real-time symptom logging and use of
reminders, potentially enhancing adherence to the homework
tasks[12,20].

Everywhere | go, I’ ve got my phone. If I’ ve got a few
minutes, | sitandfill itinandif it'sfresh and current,
I wouldn't fill in paperwork. Even on the course, I’d
fill in the paperwork the night before, or the morning
| was coming to the class. But if | had it on my phone,
I’d be more inclined to fill it in. [Previous attendee
of the face-to-face FACETS program] [12]
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The 2018 M S Society/Nuffield Trust dataand technol ogy report
presentsavision of “ personalized, coordinated, and empowering
care for people with MS, enabled by effective technology,”
noting that “Digital transformation and the possibilities it
provides have not yet been realised within the care and support
people with MS access’ [21,22]. A complementary mobile
solution enabling the FACET S homework elements to be made
interactive and portable aligns closely with recommendations
from the MS Society data and technology report and action
plan, particularly in the areas of having more control over care
and accessible and coordinated care [21-23]. It would help to
meet the aims of the UK M S Society research strategy in relation
to self-management and implementation [ 24] and would address
the third (fatigue) and fourth (self-management) James Lind
Alliance research prioritiesfor MS[25].

In their 2017 systematic review of MS apps available from US
app stores, Giunti et al [26] noted there were few appsavailable
for MS relative to other long-term conditions such as cancer
and diabetes [27-29]. While there are mobile apps available for
fatigue management in MS [30-33], they did not meet our
requirements of being free to use. To date, only a fatigue
management app for cancer, which draws upon cognitive
behavioral principles, has been evaluated in a full-scale RCT
[34-36]. While there are separate apps available to support
self-management of MS symptoms (including diaries and
symptom loggers), these did not align sufficiently with the
FACETS homework elements, and most were not free.

Preliminary Work

Findings from a 2018 systematic search and scoping review by
Giunti et a [37] suggested that most MS-specific apps lack
features desired by peoplewith M S. They and othershave called
for greater involvement of people with MS and health care
professional s before digital solutions areimplemented [37-40],
noting the importance of understanding condition-specific
factors when designing mobile health (mHealth) apps [37-39].
Developers need to consider the requirements of people with
MS and possible MS symptoms (blurry vision, reduced fine
motor control, cognitive impairment, and fatigue) throughout
the development, prototyping, testing, and implementation of
any digital solution [21-23,38,41,42].

Initial requirements for the FACETS toolkit were categorized
using the MoSCoW framework [43], a simple method used
across business disciplines to enable project teams and
stakehol ders to define requirements: must have (a necessity for
meeting the specified goal), should have (beneficial but not
essential for a successful product), could have (desirable but
not important), and won't have this time (future possibilities
but not feasible for immediate implementation). Findings from
the consultation [12] informed the initia set of draft
requirements, and a stakeholder workshop and interviews with
service users were conducted to explore client expectations
regarding digitization and begin gathering baseline requirements
[44]. An &ffinity diagram and personas (fictional charactersthat
incorporate composite attributes of target users) were created
and used in the early design phases [44]. A card-sorting task
(involves ordering, grouping, and naming of objects or concepts)
was undertaken with the research team to guide the design of

https://formative.jmir.org/2021/12/€19230
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the navigational structure [44]. Paper designs were sketched
leading to the creation of low-fidelity wireframes and,
subsequently, to the first interactive high-fidelity design
prototype.

Thetoolkit was primarily aimed at complementing the existing
FACETS face-to-face program and the MS Society online
course. This meant that it needed to remain tethered to the
existing materials and the way they are structured to ensure
consistency. A secondary consideration was that there might
be users downl oading the tool kit who had not attended FACETS
but who might wish to use el ements of the toolkit for recording
data relating to their MS and fatigue. A further consideration
was that in the future the toolkit might be used to share
information with health care providers [45] or expanded to
include more content from the FACETS program,; the toolkit
might also be considered relevant for other long-term conditions
[46].

Choosing the type of technology to use for the toolkit was
challenging as this is a constantly evolving area. One
recommendation from Beatty et a [47] in the context of an
evaluation of an intervention for cancer-related distress was that
future online programs should be multiplatform to facilitate
access across a full range of devices. The FACET S toolkit was
initially developed for Android—chosen duetoitslarger market
share and lower anticipated cost of development compared to
AppleiOS[48]. Given that a key requirement was accessto the
toolkit without Wi-Fi and that it would potentially need to align
with the M S Society’s e-learning course [16] (in addition to the
face-to-face program) [7], mobile web solutions were not
considered suitable. The toolkit was developed using an agile
approach following Google's Material Design guidelines [49]
and industrial best practices, with reference to the adapted
technology acceptance model [50-52]. Google user interface
guidelines [53] were followed when creating and using icons
and widgets, and core app quality guidelines[54] werefollowed
to ensure abaseline satisfactory user experience. Coding started
in October 2018. Several prototypes were developed that
incorporated all MoSCoW requirementsidentified as must have
and should have [43]. Initial versions concentrated on
implementing basi c operational functionality that could then be
expanded upon or altered as required.

Methods

Study Design

This was a mixed methods study [55] involving quantitative
approaches (M S-specific and demographic questions and the
System Usability Scale[SUS] [56]) and qualitative approaches
(focus groups, think-aloud protocol, and semistructured
interviews). Ethical approval for this research was obtained
from Bournemouth University (ref. 17430).

Participants and Recruitment

Participants were recruited via alocal MS center (individuas
who had participated in a previous study and had given
permission to be contacted about future research), aloca MS
support group mailing list, and via an advertisement onthe MS
Research, Treatment, and Education website. For both the phase
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1 focus groups and phase 2 supervised usability testing studies,
participants who contacted the research team were emailed
participant information sheets with information about the study.
Inclusion criteriaincluded being age 18 years or older, having

Thomas et al

aself-reported diagnosis of M S, experiencing fatigue impacting
daily life, and being an active smartphone user (phase 1 only).
See Figure 1 for schematic of phases of study.

Figure 1. Schematic of study phases. FACETS: Fatigue: Applying Cognitive Behavioral and Energy Effectiveness Techniques to Lifestyle; pwMS:

people with multiple sclerosis; SUS: System Usability Scale.
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Procedures

The focus groups (phase 1) were held at a conference center in
Bristol. Supervised usability sessions (phase 2) were held at a
conference center in Bristol and on the Bournemouth University
campus. Both venues were accessible, and taxi-booking and
reimbursement of travel expenses were offered to all
participants. To minimize participant burden, we obtained
written informed consent via a participant agreement form on
the day of thefocus groups or usability sessions. In phase 2, we
audiorecorded and filmed some parts of the supervised usability
testing sessions. If participantsdid not wish to be audiorecorded
or filmed, we offered a one-to-one session with notes taken as
an alternative. Two copies of the agreement form were
countersigned by the researcher. One copy was given to
participants for their records, and one copy was retained by the
researcher. The main ethical consideration related to fatigue,
which is amajor issue for people with MS. Focus groups and
usability sessionsincluded regular rest breaks and provision of
refreshments, and we emphasized that participants could take
a break or stop participating at any time. Duration of sessions
was no longer than 90 minutes.

Phase 1. Focus Groups to Elicit User Requirements

This phaseinvolved the dlicitation of detailed user requirements
and wireframing. Two focus groups (n=3 and n=6) with previous
attendees of the FACETS face-to-face program were held to
gather feedback about regquirements and preferences for the
toolkit (Multimedia Appendix 1). These werefacilitated by AP

https://formative.jmir.org/2021/12/€19230

(in Bristol, an MS assistant practitioner also attended) and
audiorecorded and transcribed verbatim. A second set of design
prototypes was then created using an interactive prototyping
tool, and feedback was obtained from focus group attendeesin
person and via paper-based semistructured questionnaires
completed after attendance. Based on this feedback, athird set
of design prototypes was created prior to development
commencing.

Phase 2. Supervised Usability Testing Sessions
Participants (n=11) were asked to use elements of the toolkit
and compl ete up to 2 specific test scenarios (lasting 30 minutes
in total) on a supplied Android mobile phone (Table 2).
Videocapture of their hands (via a usability rig) and face/top
half of their body was undertaken as they interacted with the
toolkit while concurrently thinking aloud (give a running
commentary). They aso completed demographic and
M S-specific questions and the SUS[56]. Participants were asked
about initial impressions of the version of the toolkit they had
tested and for feedback on itsdesign, content, and functionality
during a subsequent 30-minute (audiorecorded) semistructured
interview based on atopic guide (Multimedia Appendix 2). The
digita health postdoctoral researcher (AP) led the usability
sessions (n=11). The developer (DP) attended all sessions, and
ST (research psychologist) attended 9 sessions. Testing
commenced with a stable prototype release; later release
versions were created based on user feedback and tested with
users iteratively (see Figure 2 for example screenshots of a
prototype release).
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Table 2. Mapping of FACETS? sessions to the toolkit elements and usability test scenarios.

Homework task inface-  Toolkit element  Test scenarios Participants (1-11) who
to-face program tested element

Week 1: activity and fa-  Activity diary Add one or more activities (eg, vacuuming, swimming, making breakfast, 1-5

tigue diary; energy mea- gardening) performed recently. Make a change to the activity just added,

sure and view it to check that the information was amended correctly.

Week 2: rest, activity, Rest and sleep Thinking about your wake-sleep routine, add a wind-down alarm (for 1-3
and sleep planner routine whentypically planning to start getting ready for bed) and awind-up alarm
(for when typically planning to start to wake up in the morning). Then
create one or more rest periods during the day, setting the duration
(scheduling for times when you might wish to take arest during atypica
day). Test out afew alarm options and see if they work correctly.

Week 3: goal-setting ex-  Goal planner Create one or more SMART (specific, measurable, achievable, redistic, 4-9

ercise time for review) goals (alifestyle change you would like to make). Some
possible ideas for areas for change could be exercise routines, relaxation
practice, incorporating rest periods, and establishing sleep-wake routines.

Week 4: fatigue thought ~ Thought diary Think about a situation that triggered strong emotions and unhel pful 10-11
diary thoughts related to fatigue. Describe the situation in the thought diary

aong with up to 3 unhelpful thoughts, and sel ect the emotions experienced

at thetime. Then rate strength of belief for each unhelpful thought and for

the accompanying emotions.

Week 5: thought chal- Thought diary Select athought to challenge. Start off by identifying any unhelpful 10-11
lenge sheet thinking styles, think of one or more aternative thoughts, and rate strength

of belief. Then rerate strength of belief in the original thought, and rerate

the strength of the associated emotions.

Week 6: keeping-on- Keeping-on-track Help the user maintain momentum: complete a plan that focusesonthe _b (element not yet devel-
track planner planner next 3 months (this element is still under development). oped)

3FACETS: Fatigue: Applying Cognitive Behavioral and Energy Effectiveness Techniques to Lifestyle.
BNot applicable.

Figure 2. Dashboard and homework element screenshots from working prototype v0.0.3.
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Analysis

The SUS [56] is a standardized questionnaire for collecting
usability evaluations of a system being tested and has been
shown to have good validity and reliability [57], including in
the evaluation of mobile health apps [58]. Standard scoring is
between 0 and 100 [57], which the Sauro-L ewis curved grading
scale [59] converts to a normative percentile score and
associated grade. These grades can range from A (best
imaginable on the adjective rating scale by Bangor et a [60])
to F (worst imaginable). Participant ratings on the SUS were
collected during 2019. Quantitative ratings from the
guestionnaire were summarized using descriptive statistics.

Focus group and interview recordings were transcribed and
thematically analyzed using a deductive approach that focused
on the domains covered in the topic guide (focusing on design,
functionality, and content). A generic qualitative approach to
thematic analysis was used [61] with interresearcher
interpretation. Following familiarization with the transcripts, a

https://formative.jmir.org/2021/12/€19230

RenderX
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member of the team charted themes in a matrix. Possible
enhancements and amendments to the toolkit (logged by the
developer on GitHub) and field notes taken during the
think-aloud sessions were aso considered in the analysis
process. Subsequently, another team member familiarized
themselves with the transcripts and the matrix of initial themes.
They developed an agreed coding scheme using an analytical
framework that combined apriori issuesfrom the original topic
guide and emerging themes [62].

Results

Participant Characteristics

Focus groups comprised 8 females and 1 male; al participants
had previously attended the face-to-face FACETS program.
Self-reported descriptives for the usability testing participants
(n=11) are presented in Table 3. All study participants consented
to being recorded.
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Table 3. Self-reported descriptives for usability testing participants (phase 2; n=11).

Thomas et al

Characteristic Value
Gender, n (%)
Male 4(36)
Female 7 (64)

Age (years), mean (SD), range
Typeof MS? n (%)
Relapsing remitting
Secondary progressive
Primary progressive
APDDSb, mean (SD), range
1: mild symptoms that don’t limit activity
2: noticeable symptoms with mild, small impact
3: limitations on activities of daily living
4: interferes with walking, can walk 300-500 m
5: can walk 100-200 m but often uses a stick
6: needs a stick or single crutch
7: needs 2 canes or walker towalk 20 m
8: wheelchair is main form of mobility; can move from wheelchair without help
9: wheelchair is main form of mobility; help needed to move with wheelchair
Time since diagnosis (years), n (%)
1-5
6-10
11-15
16-20
>20
Employment status, n (%)
Working full time (>30 hours per week)
Unable to work
Retired
Use of mobile apps, n (%)
Never use
Use afew

Usealot

Has attended face-to-face FACETS® program, n (%)
Yes
No
susf
Median (range)
Mean (SD) [95% Cl]
Sauro-Lewis adjectiverating, n (%)
AlA+
B

49 (8.41) 34-62

8(73)

1(9)

2(18)

6.8 (2.5) 2-9°
d

2(18)

3(27)
2(18)
2(18)

3(27)
2(18)
3(27)
2(18)
1(9)

4 (36)
3(27)
4 (36)

1(9)
4 (36)
6 (55)

7 (64)
4 (36)

75 (37.5-95)
74.3 (16.81) [63.2, 85.6]

5 (45)
1(9)
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Characteristic Vaue
C 2(18)
D 2(18)
E 1(9

3\S: multiple sclerosis.
bAPDDS: Adapted Patient-Determined Disease Steps.

CPossible scores on the APDDS scale range from 0-10 corresponding to 11 ordinal levels of functioning. However, 2 participants gave ratingsindicating
they perceived their functioning to fall between ordinals (1 participant between 7-8 and another participant between 8-9) and for the summary statistics

these were scored as 7.5 and 8.5, respectively.
INot applicable.

®FACETS: Fatigue: Applying Cognitive Behavioral and Energy Effectiveness Techniquesto Lifestyle.

fSus: System Usability Scale.

Focus Groups

Below we summarize the key toolkit requirements suggested
by focus group participants:

«  Should be a “tool to help rather than a time-consuming
task”

«  Suitable for those unfamiliar with FACETS

«  Important to include positive aspects

« Include self-monitoring feedback (eg, dashboard and
graphs)

Below we summarize preferences for the toolkit expressed by
focus group participants:

«  App should be freely available at app stores
« Reminder (eg, reminders to take rests) and note functions
would be useful

Figure 3. System Usability Scale—item response frequencies.

1. 1think that | would like to use this toolkit
frequently

«  Would like relaxation module to be included
- Linking with Alexaisagood idea

System Usability Scale

Summary statistics for the SUS scores are presented in Table
3, and frequencies of ratings for each of the 10 SUS items are
presented in Figure 3. Overal, the median SUS score for the
toolkit was 75 and the mean was 74.3 (SD 16.81; 95% CI 63.2
to 85.6; range 37.5-95.0). This equates to an adjective rating of
good [60] and a B (70th to 79th percentile range) on the
Sauro-Lewis curved grading scale [59]. The majority of
participants (8/11) thought they “would like to use this toolkit
frequently” (the version of the prototype they tested; SUS-Q1).
Most considered the toolkit easy to use (9/11; SUS-Q3) with
55% (6/11) believing most people would learn to useit quickly
(SUS-Q7). The majority (7/11, 64%) considered the toolkit's
functions to be well integrated (SUS-Q5).

W Strongly agree
W Agree

2. | found the toolkit unnecessarily complex

ENeither agree nor disagree

3. I thought the toolkit was easy to use

ODisagree
[Jstrongly disagree

4 |think that | would need the support of a
technical person to be able to use this toolkit

5. 1found the various functions in this toolkit
were well integrated

6.1 thought there was too much inconsistency
in this toolkit

7. lwould imagine that most people would
learn to use this toolkit very quickly

8. | found this toolkit very awkward to use

9. | felt very confident using this toolkit

10. Ineeded to leam a lot of things before |
could get going with this toolkit

|

o

T 2 3

Usability Feedback

Below we organized the feedback from the usability sessions
encompassing general comments and those related to design,
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functionality, and content, mapped to the toolkit elements. We
considered suggestions made for additional functionality. We
also included relevant feedback dlicited during the focus groups.

JMIR Form Res 2021 | vol. 5 | iss. 12 [e19230 | p.232
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

General Comments

Overall, users found the app relatively easy to navigate, liked
its look and feel, and felt that they would quickly get used to
the system.

| did like it and | liked the colors because they are
bright but they’ re not too bright, it was quite, it looked
quite vivid | think it is fair to say, which is good. |
think it was quite easy to navigate round, | mean once
you have got the basic, you know, the three dots and
the three lines, from there you can pretty much go
anywhere and yes | think it was quite good [P203,
Usability sessions]

| found my way around easy. | think initially | just
had to get to grips with it. Just to ook where things
were but...l like the menu structure, it was easy to
follow. [P204, Usability sessions]

However, sometimes users noted difficulty in keeping track of
where they were in the app, and early versions of the recap
section were found to be confusing.

I’m quite visual and | couldn’t picture the structure

of where | wasin the...you know...hierarchy of areas,

kind of thing, so that was kind of confusing because

| then couldn’t then think “ Oh | need to skip that bit.

[P202, Usahility sessiong]
Userswanted content and information to be kept brief and easy
to understand, without unnecessary repetition and with options
to skip content. As one user noted in afocus group in phase 1,
it should be“atool to help rather than atime-consuming task.”
Userswerein favor of theinclusion of video in addition to audio
and text.

You have to be careful not to over...put so much
information that it becomes overwhelming, that you
can analyze down to so much and you think | can’t
think about this anymore and you put too much into
it. [P211, Usahility sessions]

| don’t want to be spending too much time doing it
so I’mmissing out on doing things... [P205, Usability
sessions]

Yes you know | am ok reading text but | don’t want
to read too much, so you know it is balancing it
between video and text. [P207, Usability sessions]

Users liked the concept of section-based onboarding and said
that prompts and examples were useful, particularly for those
with fatigue and cognitive issues. They noted the importance
of ensuring reminders are neutral and nonjudgmental in tone.

Yes and you know people with MS we do sometimes
get flustered and forget how to do things, so a
reminder every now and again, the option to be able
to go back and actually see how | do this. [P204,
Usability sessions]

Yes | think...if somebody is struggling a bit and it
keeps saying, “ You should be doing this” But if it
said, “ Would you like to go?” that, that seems a bit
more neutral. [P208, Usability sessiong]

https://formative.jmir.org/2021/12/€19230
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One user said they would like the app to “look more like a
game” (P2011, Usahility sessions). The app was seen to be a
helpful self-monitoring tool that would be useful for describing
fatiguelevels, activity patterns, and symptomsto anindividual’s
clinical team. It was noted that it could al so include content that
would help family and friends understand more about MS
fatigue and its impact.

Aswell as having the ability to be able to explain to
someone who doesn’'t have MS * Do you know what?
Watch this video on this app that I've got” [P203,
Usability sessions]
Usersfelt that the app could be auseful tool not only alongside
the FACETS program but also before or after the program and
could be used to gather information prior to a referral by a
clinical team for fatigue.

But anyway, it would have been really, really good
to have had an app with videos or animations[when
newly diagnosed] to talk through the premise of
FACETS, almost maybe as a precursor to attending
the course. [P203, Usability sessions]

Yeah, because my stuff at the moment goes into
spreadsheets and when | have to phone up to say,
“Oh, | think | am having a relapse;’ they ask you a
whole bunch of questions: “ Have you done this?”
“Have you done that?” “ When was the last episode
you had?” “What is your fatigue like?” All these
questionsit’s all on a little Excel sheet on my phone
at the moment but thiswill be a bit more of a proper
user interface to get that kind of stuff.... [P204,
Usability sessions]
| think for me thisis a really hugely useful parallel
tool alongside the course or, kind of, after the course
[P202, Usahility sessiong]
| mean it would be brilliant for me, | went on the
FACETScourse areally long time ago, or it feelslike
a really long time ago now, so to have all of that
information would be really good to refresh my
memory. [P203, Usability sessions]

Users noted that the app could be useful for those with other

conditions where fatigue is a symptom.

I think it could be useful...I think it could be infinitely
useful for all people with MS but not just MS all
people who have fatigue, who have a condition that
is...causes fatigue. [P208, Usability sessiong]

Activity Diary

Feedback

Theactivity diary was seen to be ahel pful way of enabling users
to consider activity and fatigue patterns.

Okay, so yes there, that’s quite good for monitoring
because actually then you could start to build up a
pattern of what makes you feel really fatigued,
couldn’'t you? [P201, Usability sessions]

So it's as if you can put something in so you don't
overbook yourself you know...and my thing is that |
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am supposed to have two rest days a week you know,

it's like reminding people it's fine, rest is part of

management really. [P209, Usability sessions]
Enabling the user to choose from a prepopulated activity list
(and eventually using predictive text suggestions) rather than
manual entry was viewed as a useful time-saving feature. It
would also make a breakdown of activity type possible.

| think... | think more is probably, | know it's difficult
to put in more, but in terms of fatigue, it's often the
quite nuanced type of activity that isworse or better...
it wouldn't be particularly helpful to have the broad
categories because actually work means doing so
many different types of things that um... [P202,
Usability sessions]
The use of location-based services to pull and record relevant
information, such as the outside temperature (heat often
adversely affects MS fatigue), was suggested by a focus group
participant.

P101: ...if it can belinked into the weather, like today
it is humid so we have got to think take the shade,
keep cool. [Focus Group 1]

Prototype Changes Made to This Section

Design changes implemented based on usability feedback
included implementing swipe to refresh layouts, updating the
calendar view originally used to reduce background thread |oad,
fixing aproblem whereby activities entered between 12:00 AM
and 1:00 AM were not displaying, and revising the layout to
improve flow. Location-based suggestions and the addition of
predictive text functionality were implemented.

Rest and Sleep Planner

Feedback

Functionality issues reported included the variable quality of
some of the alarm tone sounds included as default on the test
phone.

Participant: ...and | wake up to the sound of birds,
whichisnice, it's not...

Interviewer 1. Yeah, | was looking at those and they
are....they are much more...

Participant: Itisnicer than a belting alarm... [P202,
Usability sessions]
Concern was al so expressed by users over theinitial layout and
legibility of the clock display and rest, wind-up, and wind-down
periods chosen (Table 2).

Yeah so if I'm looking at that, right ok, especially
with my eyesight problems, I’ve got to read through
this whole list to find the thing | want. You've got
icons next to it, so sleep and wake has got a little cog
and half-moonicon next toit but if that...what | mean
isif that was bigger and maybe colorful then | could
gotoit quicker and say right that’swhat | want to go
back and have a look at my sleep patterns. [P210,
Usability sessions]
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Prototype Changes Made to This Section

We amended the visual s to include the duration of wind-up and
wind-down periods (Table 2). We also ensured it was easy to
read by making the layout tabular in order to separate new rest
and deep/wake routines. Particular attention was paid to
customizing how the alarm options could be set and configured.
Technical problems that required resolution included issues
with the ringtone preview and selection on certain devices, and
the alarms not resetting upon phone restart.

Goal Planner

Feedback

Participants considered the opportunity to set goalsavery useful
part of the face-to-face program. Suggestions were made to
improve user understanding within a screen-based format by
offering the ability to view hypothetical worked examples to
help convey the concept of SMART (specific, measurable,
achievable, and realistic with time for review) goals.

...if you click, 'yes| understand that', then yes it goes
on to the next bit or if 'no' then the health care
professional would tell you what SMART means
because you don't need another MS person telling
you that. [P207, Usability sessions]

Users noted that having the ability to select personalized,
customi zable remindersfor entered goalsand review and update
them could increase engagement with the toolkit.

Prototype Changes M ade to This Section

The option to note a goal quickly and come back to it later to
apply SMART criteria was implemented following user
feedback. Case study examples were added to enhance
understanding of the concept of SMART goals as this can be
difficult for someto understand. Other changes madetoimprove
functionality included adding in pop-up logic to provide
guidanceto the user when 'no’ was selected in the 'redlistic' field
of the SMART criteria and revising the layout to make it more
consistent with the activity diary.

Thought Diary and Thought Challenge

Feedback

As can be seen in Table 2, elements 4 and 5 of the FACETS
homework had been integrated into one section (Thought Diary)
to reduce the complexity of screen flow for the user. Feedback
from users suggested that although this section was useful,
further simplification was required.

Yes | think this thought summary that's useful
because, you had to think about how you were
thinking in reflection to the impact it's had on you,
and | found that quite useful to think, because you do
exhaust yourself worrying about everything. [P211,
Usability sessions]

WEll, because I'd already rated it once, that was the
original frustration of what that incident or whatever
was causing me. | don’t think, by the time I’d got to
reflecting on the thing and gone back and reviewed
what was going on and how | could approach it
differently or this, that and the other, | didn’t think it
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made me any less frustrated or angry from the point
that I’d already rated it. [P210, Usability sessions]

Prototype Changes M ade to This Section

The screen flow and structure was simplified further (eg, by
removing the requirement to provide ratings for strength of
belief in aternative thoughts).

Additional Features and Other | ssues

Adding anotesfunction (to enable the quick addition of general
pieces of information or thoughts for later expansion or
reflection) was suggested as a way of reminding users about
historical health-related information (eg, about new symptoms
that had emerged, ongoing concerns, other scheduled
appointments) that could be useful at M S review consultations
(sometimes held a year apart).

When you are newly diagnosed you just, thereisthis
barrage of questions and they don’t cometo you when
you are sat in front of the consultant or even the nurse
and you go home and you think, “ Oh god | wish | had
asked that” Oh do you know what I've just had a
thought, maybe having a notes app, a notes section
to write down, you know, notes about your [... ]
fatigue or notes about anything else MS-related that
you need to talk to your nurse or doctor about, that
might be nice. [P203, Usability sessions]

| use the notes in my phone a lot, so, er, information

that | amtold...almost everything, if it doesn't gointo

my phone at thetime, it getslost. For instance, | have

got the swimming timetable, which | would then put

into my fatigue management diary... [P208, Usability

sessions]
Displaying progress on the dashboard and allowing the user to
apply custom queries to data entered (such as their most
fatiguing or enjoyable activities) were suggested as ways to
enhance engagement. A customizable dashboard could allow
the user to create a display containing summary information
most relevant and useful to them.

Yes because | would refer back to this and kind of

look at what | have done and gauge my fatigue levels.

[P204, Usability sessiong]

It would be good to have one that was a weekly... so

you could see what days you were particularly, you

know, it'slike actually | need...| have got a lot that |

am trying to achieve on that day, so | need to know

that | need to have a rest on that day or before....

[P207, Usahility sessions|
Although most participants liked the idea of being able to
visualize their fatigue levels over time, one participant felt that
this could be disheartening. A customizable dashboard would
mean that this feedback could be turned off if a user did not
find it helpful.

Yeah if you could turn it on and off or something so
you wouldn’'t have to see it if you didn’t want to see
it or something, yeah it could, if you had that over
several weeks and you're just looking at red, it could
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be sort of like a bit demoralizing yes. [P205, Usability
sessiong]
Users liked the text-to-speech feature that we included in the
recap content.

The fact that you watch or even [with] text you can
have somebody saying it at the sametime, | find that
really helpful for myself, because just reading stuff
sometimesit doesn’t, it doesn’'t goin properly. [P204,
Usability sessions]

It helps there was a voice saying the words as well
because it breaksit up. [P204, Usability sessions]

The text was really easy to read, but having it read
to mewasreally useful. [P208, Usability sessions]

Feedback from usersin the initial usability sessions suggested
they found the synthesized text-to-speech voice overly robotic.

Then as you went on she turned more robotic and
more... yes, less human and | think it would be better
to betold by somebody sounding a bit more personal.
Whether it's a man or a woman it doesn’t really
matter | suppose, it's just yeah the right person, but
yeah. [P205, Usability sessions]
Asthe voice was device-dependent, we only had acertain degree
of control over it, but we did find slowing it down alittle made
it sound more natural.

Usability testers considered the possible integration of
voice-activated speakers as a positive method of engagement
potentially saving time and energy and requiring less dexterity.
In some of the sessions, we gave a demo of inputting a diary
entry using Google Assistant, and this was well received.

Yeah. That's exactly what | would like. Something
like that | would use. [P210, Usability sessions]

Ensuring that help and support functions on the toolkit
accommodated the needs of those unfamiliar with the FACETS
program was seen as important. Different types and levels of
information would be required for those using the toolkit in
conjunction with the FACETS face-to-face program or the
e-learning course versusthose using it independently. The need
for thisinformation to be structured more logically to improve
the user journey was highlighted in early usability sessions
where users experienced difficulties navigating the recap menu.

So yeah, if | clicked on the activity diary and it says
recap, | think I don't know what that is. [P202,
Usability sessions]

Additional Material Incorporated Into Toolkit

We implemented a notes section as suggested, text-to-speech
functionality (available in recap sections) was added, and
expanded help sections were developed. The concept of the
personalized, customizabl e dashboard was devel oped gradually
as more tool kit elements were introduced and tested over time.
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Discussion

Principal Findings

In its current form the FACETS toolkit was evaluated as good
on the SUS, and qualitative feedback from usability sessions
indicated that users felt the toolkit would be useful. Users
provided numerous suggestions for improving the toolkit in
terms of design, functionality, and content. Some suggestions
were implemented immediately following feedback from
usability testers. Although the digital format necessitated the
simplification of some aspects of thetoolkit elements (to reduce
cognitive demands and fatigue), it also presented opportunities
to create synergies and interactivity between toolkit elements
and the dashboard along with visualization and customization
possibilities [63].

Findings from previous research suggest that most M S-specific
appslack features desired by people with MS[37,64], resulting
in poor uptake [63]. Giunti et al [37] and others have noted the
importance of taking into consideration condition-specific
factors when designing mHealth apps [39]. The involvement
of people with MS throughout the design, prototyping, and
usability phases of the toolkit means that such considerations
have played a pivotal role. Examples include providing a
customizable color scheme (for those with visua difficulties),
using icons where possible (to aid memory), providing
signposting, and incorporating guidance (eg, buttonsto indicate
additional scrolled content or the availability of additional
information or definitions).

There was some degree of tension between maintaining
consistency with the original paper-based FACETS homework
tasks and capitalizing on the possibilities afforded by the digital
format. The toolkit was developed based on the homework
elements of FACETS but did not provide an exact one-to-one
mapping. For example, after review of theinitia prototype by
the team, the thought diary and thought challenge homework
elements were combined into one tool as it was felt that the
or