JMIR Mental Health

Journal Impact Factor (JIF) (2022): 5.2
Volume 9 (2022), Issue 8 ISSN 2368-7959 Editor in Chief: John Torous, MD, MBI

Contents

Original Papers

The Effect of Mental Health App Customization on Depressive Symptoms in College Students: Randomized
Controlled Trial (e39516)

Stephanie Six, Kaileigh Byrne, Heba Aly, Maggie Harmis. . . .. ...t e e e e e e 3

Using Voice Biomarkers to Classify Suicide Risk in Adult Telehealth Callers: Retrospective Observational
Study (e39807)

Ravi lyer, Maja NedeljKoVIC, DeNNY MeEYET. . . . . .o vttt e e e e e e e e e e e e e e e e e e e 17

A Game-Based School Program for Mental Health Literacy and Stigma on Depression (Moving Stories):
Cluster Randomized Controlled Trial (€26615)

Anouk Tuijnman, Marloes Kleinjan, Merlijn Olthof, Evert Hoogendoorn, Isabela Granic, Rutger Engels. .. .......... ... .. ... .. .. .. .. .. .... 26

A Web-Based Application for Personalized Ecological Momentary Assessment in Psychiatric Care:
User-Centered Development of the PETRA Application (€36430)

Fionneke Bos, Lino von Klipstein, Ando Emerencia, Erwin Veermans, Tom Verhage, Evelien Snippe, Bennard Doornbos, Grietje Hadders-Prins,
Marieke WIChers, HarmiBtle RIESE. . . . . .. e e e e e e e 42

Predicting Multiple Sclerosis Outcomes During the COVID-19 Stay-at-home Period: Observational Study
Using Passively Sensed Behaviors and Digital Phenotyping (e38495)
Prerna Chikersal, Shruthi Venkatesh, Karman Masown, Elizabeth Walker, Danyal Quraishi, Anind Dey, Mayank Goel, Zongqi Xia. . . ............. 62

Clinical Targets and Attitudes Toward Implementing Digital Health Tools for Remote Measurement in
Treatment for Depression: Focus Groups With Patients and Clinicians (€38934)
Valeria de Angel, Serena Lewis, Katie White, Faith Matcham, Matthew Hotopf. . .. ... ... .. .. . . . . . 75

Operationalizing Engagement With an Interpretation Bias Smartphone App Intervention: Case Series
(e33545)

Ramya Ramadurai, Erin Beckham, R McHugh, Throstur Bjorgvinsson, Courtney Beard. . . .. ... .ottt 87

Multi-operator Self-exclusion as a Harm Reduction Measure in Problem Gambling: Retrospective Clinical
Study on Gambling Relapse Despite Self-exclusion (e37837)
Anders HEKANSSON, GUNNY AKESSON. . . ... oottt e et e e e e e e e e e e e e e e e e 150

An e—Mental Health Resource for COVID-19-Associated Stress Reduction: Mixed Methods Study of Reach,
Usability, and User Perceptions (€39885)
Nadia Minian, Allison Gayapersad, Anika Saiva, Rosa Dragonetti, Sean Kidd, Gillian Strudwick, Peter Selby. ... ........ ... ... . ... ... . .... 155

JMIR Mental Health 2022 | vol. 9 | iss. 8 | p.1

RenderX


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

Predicting Patient Wait Times by Using Highly Deidentified Data in Mental Health Care: Enhanced Machine
Learning Approach (e38428)
Amir Rastpour, Carolyn MCGIEQOT. . . . .. .. ittt et e e e e e et e e e e e 187

Reviews

Appropriate Use and Operationalization of Adherence to Digital Cognitive Behavioral Therapy for Depression
and Anxiety in Youth: Systematic Review (€37640)
Sophie Li, Melinda Achilles, Aliza Werner-Seidler, Joanne Beames, Mirjana Subotic-Kerry, Bridianne O'Dea. . ... .......................... 104

Self-help Digital Interventions Targeted at Improving Psychological Well-being in Young People With
Perceived or Clinically Diagnosed Reduced Well-being: Systematic Review (€25716)
Camilla Babbage, Georgina Jackson, E Davies, Elena NiXON. . . . . ...t e e e 130

Impact of the COVID-19 Pandemic on the Global Delivery of Mental Health Services and Telemental Health:
Systematic Review (e38600)

Caroline Zangani, Edoardo Ostinelli, Katharine Smith, James Hong, Orla Macdonald, Gurpreet Reen, Katherine Reid, Charles Vincent, Rebecca
Syed Sheriff, Paul Harrison, Keith Hawton, Alexandra Pitman, Rob Bale, Seena Fazel, John Geddes, Andrea Cipriani. . .. ................... 168

JMIR Mental Health 2022 | vol. 9 | iss. 8 | p.2

RenderX


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

JMIR MENTAL HEALTH Sixetal

Original Paper

The Effect of Mental Health App Customization on Depressive
Symptoms in College Students: Randomized Controlled Trial

Stephanie G Six*, MSc; Kaileigh A Byrne!, PhD; Heba Aly?, MSc; Maggie W Harris', BA

1Department of Psychology, Clemson University, Clemson, SC, United States
2Department of Computer Science, Clemson University, Clemson, SC, United States

Corresponding Author:
Kaileigh A Byrne, PhD
Department of Psychology
Clemson University

418 Brackett Hall

Clemson University
Clemson, SC, 29634-0001
United States

Phone: 1 864 656 3935
Email: kaileib@clemson.edu

Abstract

Background: Mental health apps have shown promise in improving mental health symptoms, including depressive symptoms.
However, limited research has been aimed at understanding how specific app features and designs can optimize the therapeutic
benefits and adherence to such mental health apps.

Objective: The primary purpose of this study isto investigate the effect of avatar customization on depressive symptoms and
adherence to use anovel cognitive behavioral therapy (CBT)—based mental health app. The secondary aim isto examine whether
specific app features, including journaling, mood tracking, and reminders, affect the usability of the mental health app.

Methods: College students were recruited from a university study recruitment pool website and via flyer advertisements
throughout campus. A total of 94 participants completed a randomized controlled trial in which they were randomized to either
customization or no customization version of the app. Customization involved personalizing avirtual avatar and atravel vehicle
to one'sown preferences and use of one’'s name throughout the app. Participants completed a 14-day trial using anovel CBT-based
mental health app called AirHeart. Self-report scores for depressive symptoms, anxiety, and stress were measured at baseline and
after the intervention. Postintervention survey measures also included usability and avatar identification questionnaires.

Results: Of the 94 enrolled participants, 83 (88%) completed the intervention and postintervention assessments. AirHeart app
use significantly reduced symptoms of depression (P=.006) from baseline to the end of the 2-week intervention period for all
participants, regardless of the customization condition. However, no differences in depressive symptoms (P=.17) or adherence
(P=.80) were observed between the customization (39/83, 47%) and no customization (44/83, 53%) conditions. The frequency
of journaling, usefulness of mood tracking, and hel pfulness of reminderswere not associated with changesin depressive symptoms
or adherence (P>.05). Exploratory analyses showed that there were 3 moderate positive correl ations between avatar identification
and depressive symptoms (identification: r=—0.312, P=.02; connection: r=—0.305, P=.02; and lack of relatability: r=0.338, P=.01).
Conclusions: These results indicate that CBT mental health apps, such as AirHeart, have the potential to reduce depressive
symptoms over ashort intervention period. The randomized controlled trial results demonstrated that customization of app features,
such as avatars, does not further reduce depressive symptoms over and above the CBT modules and standard app features,
including journal, reminders, and mood tracking. However, further research elucidating the relationship between virtual avatar
identification and mental health systemsis needed as society becomesincreasingly more digitized. These findings have potential
implications for improving the optimization of mental health app designs.

Trial Registration: Open Science Framework t28gm; https://osf.io/t28gm

(IMIR Ment Health 2022;9(8):€39516) doi:10.2196/39516
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Introduction

Background

Ranked as the 6th most expensive health condition, depression
costs the United States approximately 326.2 billion dollars in
treatment and workplace costsin 2018 [1]. Depressionishighly
prevalent across all age groups, genders, and racial groups,
causing anhedonia, irritability, extreme sadness, and other
emotional and physical symptoms [2]. This rise in spending
paralels the rate of diagnosis of major depressive disorder,
which has increased 7-fold over the past 5 years [3]. Certain
therapeutic techniques, including cognitive behavioral therapy
(CBT), have been implemented to alleviate depressive
symptoms.

CBT can be efficacious in reducing depressive symptoms and
improving the quality of life in both clinica [4-6] and
nonclinical populations [7] of multiple age groups [8,9]. In
addition to depression, CBT has been successful in treating
symptoms of anxiety and stress[10-15]. Depressionisacomplex
mental health condition that is often comorbid with anxiety and
exacerbated by stress[16-18]. Therefore, reducing the symptoms
of depression may further aid in aleviating the negative
manifestations present in other comorbid or associative
disorders.

CBT has been shown to be effective in reducing symptoms of
depression not only in in-person therapy environments but also
in mobile apps [19,20]. The combination of CBT and mobile
technology has burgeoned in thelast 10 years, with an estimated
10,000 to 20,000 mental health apps currently existing in the
Apple App Store and Google Play Store [21]. Despite its
prevalence, there is a dearth of research investigating the
interaction between mobile CBT and technological features,
such as mobile journaling, reminders, mood tracking, and
customization, on mental health symptom reduction. Certain
features may complement, augment, or detract from CBT
delivery and its effectiveness in symptom reduction. Thus, this
study sought to experimentally address this gap in knowledge
by investigating how specific app features, including the use of
customized avatars, would affect depressive symptoms and
adherence.

Computerized CBT (cCBT) is a web-based form of CBT that
is accessed through a computer, smartphone, or tablet [22].
Many cCBT mental health apps, such as Space from Depression
and MoodGY M, use atime line similar to brief CBT, whichis
typicaly 4 to 8 sessions or modules [23-25]. Thistype of CBT
has shown effectiveness in reducing depressive symptoms in
both clinical [26,27] and subclinical [28,29] depressive
populations of varying ages, athough the results from 2
meta-analyses suggest that cCBT mental health apps may be
more effective for subclinical than for clinical levels of
depression [30,31]. One caveat of thistype of therapy isitslow
adherence rate [32,33]. A proposed explanation for the low
adherence ratesincludesindividuals not progressing as quickly
as expected, leading to the conclusion that treatment is not
effective [34]. In addition, participants also reported quitting if
they had negative expectations about their treatment outcomes.
Individuals who do not believe that their treatment will be
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effective often perceiveit asinconvenient and quit trying another
therapy technique or spending their time el sawhere[35]. Overall,
adherence remains a problem in a variety of cCBT programs,
but various elements and tools can be used to encourage
adherence.

Researchers from different disciplines have presented multiple
suggestions to counteract the low adherence rates. One notable
suggestion is gamification, which can be defined as the
implementation of game elements, such as challenges, rewards,
badges, or levels, into a system [36,37]. Gamification has
emerged as one of the most widely used solutionsfor increasing
adherence [38,39]. Although it may not provide any additional
benefits in reducing depressive symptoms when coupled with
therapeutic techniques such as cCBT [40], it has been shown
to increase adherence in therapy trials for a variety of mental
health disorders, such as depression and anxiety [41,42]. Some
specific technological elements, including journaling, mood
tracking, and reminders, have been shown to effectively increase
engagement and aid in the reduction of depressive symptoms
in observational studies [43-46]. However, few studies have
experimentally investigated the effect of these elements on
adherence and mental health symptoms within mental health

apps.

One technological feature that has been largely overlooked in
mental health app research is customization. In the technology
domain, customization is the process of changing a product or
interface to make it more personalized to an individual’s
preferences or needs. Customization permeates through mobile
technology, such as the Apple iPhone, which alows the user to
create custom alarms, reminders, or ringtones. More specificaly,
customization within mobile apps can include the creation of a
self-representative avatar. An avatar is a virtual representation
of agenuine user, wherethe user can ater variousfeatures, such
as hairstyle, clothes, skin color, and facial features. Users may
have astrong preferencefor programsthat include customizable
avatars. For example, aqualitative study conducted focus groups
and interviewswith adol escents exhibiting depressive symptoms
toinvestigate the usability of acCBT fantasy game with avatars
(SPARX) [47]. This study found that participants enjoyed the
option of personalizing their characters, because they could
easily relate to the personalized characters [47]. On the basis
of prior research, this study used avatar customization to
increase app adherence and identification with the avatar.

Tothebest of our knowledge, only one study has experimentally
examined the connection between customization and mobile
mental health interventions [48]. Participants were randomized
to a condition in which they either created their avatar or were
assigned a random avatar that they could not personalize.
Baseline anxiety levels were assessed, and participants
completed either an attention bias modification training or ano
training control activity. Ultimately, the study found that the
participants’ ability to customize their avatar increased their
resilienceto the induction of negative moods, their identification
with the avatar, their engagement, and the efficacy of therapeutic
training [48]. This study was among the first to directly
investigate the rel ationship between customization and anxiety,
as well as how avatar customization affects identification,
engagement, and efficacy. However, it is unclear whether
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customizable avatars can affect depressive symptoms.
Consequently, this study sought to fill thisgap in prior research
by investigating the efficacy of avatar customization within a
CBT mental health app for depressive symptoms.

This Study and Hypotheses

Overview

Overall, prior research suggests that customization has the
potential to influence mental health symptoms, such as anxiety,
and increase adherence within a mental health app. When
combined with CBT, customization can increase adherence by
augmenting self-representation and escapism. The addition of
reminders and mood tracking may further increase adherence
by promoting app engagement and use of therapeutic tools. The
primary aim (aim 1) of this study was to examine the effect of
customization on depressive symptoms and adherence to a
mental health app, controlling for depression diagnosis. We
controlled for depression diagnosis, because prior research has
shown that cCBT mental health apps may be more effective for
those with subclinical compared with clinical levels of
depression [30,31]. The secondary aim (aim 2) was to explore
how the perceived usability of the mental health app and its
internal features (mood tracking, reminders, and journaling)
influenced depressive symptoms and adherence. To examine
these aims, this study used a 2-arm randomized controlled trial
(2:1 allocation ratio) to compare a mental health app with
customization (the intervention) and without customization (the
active control) on adherence and depressive symptoms. The
specific hypotheses of this study are outlined as follows.

Primary Hypotheses for Aim 1
The primary hypotheses for aim 1 include the following:

H1: It is hypothesized that the ability to customize a
personal avatar will further reduce depressive symptoms
compared with the active control.

H2: 1t ishypothesized that the level of adherence, measured
through the completion of the log-in questionnaires, will
be higher in the customization condition than in the active
control condition.

Primary Hypotheses for Aim 2
The primary hypotheses for aim 2 include the following:

« HS3: Itishypothesized that asthe number of journal entries
increases, symptoms of depression will decrease, and
adherence level will increase.

« H4: Itishypothesized that higher usefulness scores for the
reminders will lead to a higher level of adherence and
decreased depressive symptoms.

« H5: It is hypothesized that greater use and understanding
of mood patterns will lead to a higher level of adherence
and decreased depressive symptoms.

Exploratory Aims and Hypotheses

It is possible that individuals with depressive symptoms may
differ in their identification with their avatar; however, thereis
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limited prior research aimed at examining this possible
relationship. Thus, as an exploratory analysis, we examined
whether depressive symptoms were associated with differences
in identification with one's avatar. In addition to investigating
the effect of CBT-based mental health app features on
depression symptoms, this study also examined the effect of
customization on anxiety and stress symptoms. Customization
is expected to reduce anxiety and stress.

Methods

Participants

Thetarget population for this study was college students enrolled
full time. To address H1, an a priori power analysis (F-test,
repeated measures ANOVA, and within-between interaction)
was performed using the G* Power 3.1 (Universitit Kiel). The
analysis sought to determine the number of participants
necessary to maintain apower level of 80% to detect apossible
effect at the P value of .05 level with 2 groups and 2
measurement time points. A meta-analysis was conducted to
determine whether various gamification elementsimproved the
reduction of depressive symptoms in different mental health
apps [40]. Cohen f for this experiment (f=0.16) was cal culated
from the Hedges g (g=0.32) provided in the meta-analysis,
because both projects investigated mental health apps for
depression. According to this analysis, a sample of 80
participants would be needed to have 80% power to detect an
effect. Multimedia Appendix 1 presents the log of this power
analysis.

To recruit asample representative of the depressive population,
296 participants were screened before beginning the study.
Participants were recruited through SONA Systems software,
a cloud-based participant recruitment pool or flyer
advertisements. The recruitment flyer and web-based
information said only that “beta testers’ were needed, and
compensation would be provided. Participants received acourse
or extra credit for their classes, if applicable, and a US $20
Amazon gift card if they fully completed the study. Despite the
large prescreening sample size, many individuals (n=109) were
ineligible or declined to complete the study (n=94). A tota of
94 students from Clemson University completed the
prescreening and preassessment, and 88% (83/94) of students
completed all 3 mandatory requirements (the prescreening,
preassessment, and postassessment questionnaires). Participants
were randomly assigned by the computer database to either the
customization intervention (39/83, 47%; mean 20.462, SD
2.437) or the active control group (44/83, 53%; mean 20.978,
SD 2.633). Therecruitment, screening, and study period lasted
from February 2022 to May 2022, when the semester was
concluded. Figure 1 shows visualization of the participant flow
diagram. Multimedia Appendix 2 presents the inclusion and
exclusion criteria.
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Figure 1. Participant flow diagram.
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Materials In addition to the customization of the avatar and hot-air balloon,
the app asked for the participant’s name to personalize the
AirHeart App journal and mood tracking chart to the user. Use of the

AirHeart isa CBT mental health app designed exclusively for
this study to aid in reducing depressive symptoms. This app
immerses participants into aworld of discovery as they travel
inahot-air balloon to the 7 wonders of the modern world. Each
stop along their journey provides new depressive symptom
management techniques in the form of 7 cognitive behavioral
training modules, which encourage the implementation of new
cognitive strategies and offer new healthier behaviors. The
scripts for each module are presented in Multimedia A ppendix
3. AirHeart includes other features, such as log-in
guestionnaires, mood tracking, journaling, and reminders.
Further details of these features are provided in Multimedia
Appendix 4.

Experimental Manipulation: Customization and
Personalization

A total of 2 different elements within the intervention group
were customized: an avatar and a hot-air balloon. One of the
first steps of the AirHeart tutorial, led by both the app and a
research assistant introducing the participants to the app, was
avatar customization. This customization prompted the
participants to create an avatar to embody themselves by
tailoring the avatar's skin, eye, hair color, and clothes. The
participants also customized their avatar’'s hot-air balloon,
specifically tailoring the color of the balloon. Multimedia
Appendix 5 provides customization instructions, avatar
examples, and hot-air balloon examples.

https://mental .jmir.org/2022/8/€39516

participant’s name could be observed on the cover of thejournal
and as a header on the mood tracker page.

Active Control Group: No Customization or
Personalization

The control version of AirHeart did not include avatar or hot-air
balloon customization. The control avatar was designed as a
gray, gender-neutral person with no specific features, and the
hot-air balloon was gray colored. Thisversion of AirHeart asked
the participant’s name but did not useit in the journal or mood
tracker. The avatar for the active control condition is presented
in Multimedia Appendix 6.

Study Design

This study used a 2 (app condition: customization vs no
customization)x2 (time: basdline vs 14-day postintervention
period) mixed design, controlling for depression diagnosis
(coded as major depression disorder [MDD]: yes vs no). The
app condition followed abetween-subjects design, timefollowed
awithin-subjects design, and depression diagnosis represented
acovariate. Participants completed abaseline training and setup
session along with baseline questionnaires via a face-to-face
assessment; thereafter, participants completed the intervention
and postintervention questionnaires on the web.

Measures. Mental Health Symptoms

All questionnaires were based on self-reported data from
participants during the past 2 weeks.
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Depressive Symptom Questionnaire

The Patient Health Questionnaire (PHQ; PHQ-8) was
administered at baseline and after the intervention, and the
PHQ-4 was administered as part of the app design. Compared
with the PHQ-9, the PHQ-8 omitted questions regarding
self-harm and suicidal thoughts. The AirHeart app was not
specifically designed to aleviate suicidal ideologies, and it falls
out of the scope of this study. The PHQ-8 is an 8-item
guestionnaire that assesses the frequency of depressive
symptomsover the past 2 weekson aLikert scale, ranging from
0 (not at all) to 3 (nearly every day). The PHQ-8 indicates
symptoms of minimal depression (score of 0-4) to severe
depression (score of 17-24) [49]. The PHQ-4 is a 4-item,
shortened version of the PHQ-8.

Anxiety Symptom Questionnaire

The Generalized Anxiety Disorder-7 (GAD-7) is a 7-item
guestionnaire measuring anxiety over the past 2 weeks, ranging
from minimal anxiety (0-4) to severe anxiety (15-21).
Participants responded to the 7 questions on a 4-point Likert
scale, ranging from O (not at all) to 3 (nearly every day). This
guestionnaire asks about the frequency of nervousness, worry,
relaxation, irritability, restlessness, and fear [50].

Stress Questionnaire

The Perceived Stress Scale (PSS; PSS-10) was administered at
baseline and after the intervention, and the shortened PSS-4
was administered as part of the app design. The PSSisa 10-item
guestionnaire measure of stressover the past month, with scores
ranging from 0 to 40, with 0 to 13 indicating low stress and 27
to 40 indicating high stress [51]. This questionnaire, which is
a shortened version of the PSS-14, presents scenarios to the
user and asks them to rank their responses on a 5-point Likert
scale, ranging from O (never) to 4 (very often).

Positive and Negative Affect Scale—Short Form

The Positive and Negative Affect Scale—Short Form is a
20-item questionnaire investigating participants positive and
negative emotions. This questionnaire contains 2 scales, one
for positive affect and the other for negative affect, with both
scores cumulatively ranging from 20 to 100 or 10 to 50 for each
scale. Some examples of the adjectives on the positive affect
scale used to describe participants current feelings include
“interested,” “strong,” or “excited,” whereas the negative affect
scale includes adjectives such as “distressed,” “hostile,” or
“scared” [52].

M easures. Usability and Adherence

Demographic Questionnaire
Various demographic factors, such as the participant’s gender
and age, were recorded during both the pre- and postintervention
surveys. In addition, during the preintervention period, questions
regarding the participants’ prior mental health app use and
clinical diagnosis were included.

Usability Questionnaire

The System Usabhility Scale (SUS) is a 10-item questionnaire
measuring the usability of a system or product using a 5-item
Likert scale, ranging from “strongly agree’” to “strongly
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disagree.” The scale ranges from 0 to 100, with any score of
>68 being average and any score <68 is below average [53,54].

In addition to the SUS, the postassessment questionnaire also
collected self-report data regarding efficacy, convenience, and
usefulness of the reminders, mood tracker, journal, positive
feedback, and storytelling elements and whether participants
would continueto usethe app if it was availablefor longer than
14 days.

Adherence Data

Adherence datawere collected each day the participantslogged
in to the app. The number of log-ins along with the days when
the participants used the app were compiled.

Procedure

Ethics Approval

Approval was first received from the Clemson University
Ingtitutional Review Board (IRB2021-0879). In addition, this
study was preregistered on the open science framework [55].

Screening

Before partici pants began the baseline session using the AirHeart
app, they completed the PHQ-8 screening. To be eligible for
the study, participants received a score of =5, indicating at |east
mild symptoms of depression. The participants had access to
the PHQ-8 via a Qualtrics survey. If a participant received a
score of <4, they were thanked for their time but were not
provided with the passcode to join the full AirHeart study.

Baseline Session

At the initial in-person baseline session, participants provided
written informed consent and completed the PHQ-8, GAD-7,
PSS-10, demographic survey, and filler questions on campus
laboratory computers via the Qualtrics web platform. The
informed consent document included privacy statements (eg,
participants’ email would be retained) and campus mental health
hotline information. Participants were then randomly assigned
to either the intervention or the active control condition.
Participants were granted access to their version of the app on
their mobile phones. The participants were blinded to their
condition and were thus unaware of the experimental
manipulation. Blinding of the researcher to the condition was
impossible because the researchers were required to assist
participants in the download procedure of the AirHeart app. A
physical step-by-step guide was given to the participants, who
were instructed to follow along with the guide and were
encouraged to ask questions along the way.

To begin, the participants opened the app, which asked them to
register for an account, after which they met their avatars. In
the intervention condition, participants customized their avatar
tolook like themselves, and the active control wassimply given
the gray avatar. Next, participants completed the 16-item log-in
guestionnaire consisting of the PHQ-4, PSS-4, and 8 positive
affect questions from the Positive and Negative Affect
Scale—Short Form and their first journal entry. After finishing
the prerequisites for the CBT modules, the home page was
shown, and participants were encouraged to start exploring their
first wonder (and thus the first CBT module). Once the first
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CBT module, “wonder,” was finished, participants were
prompted to set up reminders on their phone. They were then
informed that US $20 compensation would be given if they
completed the 7 modules, 7 journa entries, 7 log-in
guestionnaires, and a postintervention survey. Once the
participants completed the steps on the guide in the app, they
exited the laboratory.

I ntervention Period

After theinitial session, participants completed 6 more modules
over the following 2-week period that were nearly identical to
the app experiencein the basdline session. Multimedia A ppendix
7 provides a detailed outline of the intervention period.

End-of-I ntervention Assessment

A survey was emailed to the participants 1 day after the
completion of the 2-week intervention period. This survey
contained the original 3 questionnaires, the PHQ-8, GAD-7,
and PSS-10 as well as a usahility scale (SUS) and questions
regarding the relationship of the participant to the avatar,
identification, and usability elements of the app features.

Data Analysis

To test am 1, we performed a 2 (intervention type:
customization vs no customization control condition)x2 (time:
baseline vs postintervention) mixed effects analysis of
covariance, controlling for depression diagnosis. Thisanalysis
was conducted to identify the effect of customization on

Table 1. Baseline participant characteristics overall and by condition.

Six et a

depressive symptoms over time (H1). We also conducted a
2-tailed independent sample t test for the adherence outcome,
the number of log-ins (H2). All analyses were performed using
an intent-to-treat approach.

To test aim 2, a correlation analysis was performed between
depressive symptom scores and journa entries (H3). Multiple
linear regressions were performed to assess the effect of
reminder useful ness (H4) and mood tracking understanding and
usefulness (H5) on adherence and depressive symptoms.

Results

Participant Characteristics

A total of 296 participants completed the prescreening, and 187
(63.2%) qudlified for the full AirHeart study, but only 94
consented and completed the preassessment questionnaire. A
total of 83 participants also completed the postassessment
questionnaire (mean,g, 20.771, SD e 2.539 years); 33% (13/39)
reported a diagnosis of MDD in the intervention (mean,
20.487, SD 4 2.516 years), and 25% (11/44) reported MDD in
the control condition (Mean,ge 21.091, SDye 2.701 years). In
addition, 28% (11/39) of participants reported prior use of a
mental health app in theintervention condition, and 23% (10/44)
of the participants reported prior use of a mental health app in
the control condition. Further information regarding baseline
participant characteristicsis presented in Table 1.

Variables Overall sample (N=83)  Customization condition No customization condition  Significance level (P
(n=39) (n=44) value)

Age (years), mean (SD) 20.77 (2.54) 20.46 (2.44) 21.05 (2.62) 30
Gender? 37

Female, n (%) 60 (72) 28(72) 32(73)

Male, n (%) 19 (23) 8(21) 11 (25)

Nonbinary, n (%) 4(5) 3(7) 1(2
Prior app use (yes), n (%) 21 (25) 11 (28) 10 (23) .57
Major depression disorder diagnosis 24 (29) 13 (33) 11 (25) 41
(yes), n (%)
Depression scores, mean (SD) 9.39 (4.99) 9.00 (4.82) 9.73 (5.16) 51
Anxiety scores, mean (SD) 8.60 (4.52) 7.62 (4.05) 9.48 (4.78) .06
Stress scores, mean (SD) 22.39 (3.91) 22.56 (3.73) 22.23 (4.10) 70

aF]_’gl:O.BZ.

Descriptive I nformation for System Usability

The SUS reached an average of 54.349 (SD 18.293; range
25-85) on ascale from 0 to 100, which was below the average
of 68. This below average score indicatesthat the AirHeart app
is below the average usability point, suggesting the necessity
of an update to make the app potentialy less complex,
cumbersome, and more intuitive; however, the large SD
indicates awide range of differing opinions.

https://mental .jmir.org/2022/8/€39516

Aim 1 Analyses

Effect of Customization Versus No Customization on
Depressive Symptoms

In accordance with thefirst hypothesis (H1), a2 (time: baseline
and 14-day postassessment period) x2 (condition: customization
or control) mixed anaysis of covariance, controlling for
depression diagnosis (MDD: yes vs no), was conducted to
investigate whether the customization of avirtual avatar would
further reduce depressive symptoms over time. A significant
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main effect of time was observed (F,75=8.044; P=.006;
np2=0.092); however, no other effects demonstrated significant
differences: timexcondition (F; ,0=1.965; P=.17, np2:O.024);
(F176=2575;  P=11;,  n,’=0.032);
timexconditionxdiagnosis (F;79=1.269; P=.26; r]p2=0.016);
conditionxdiagnosis (F, 19=.026; P=.87; ),°<0.001). Thus, the
app was effective in reducing depressive symptoms across all

participants, but customization had no significant effect. Thus,
H1 was not supported.

timexdiagnosis

Six et a

Effect of Customization Versus No Customization on
App Adherence

The independent sample t test results showed no significant
difference between the customization and no customization
active control conditions on AirHeart app number of log-ins
(P=.95). These results do not support H2. The descriptive
statistics for the log-in questionnaire, modules, and journal
entries are presented in Table 2.

Table 2. Descriptives for log-in questionnaires, journal entries, and modules completed overall and by condition.

Variables Overall sample (N=83),

Customization condition

No customization condition  Significance level (P value)

mean (SD) (n=39), mean (SD) (n=44), mean (SD)
Log-in questionnaire 7.49 (2.42) 0.51 (2.16) 0.48 (2.65) .95
Journal entries 6.28 (2.45) 6.13 (1.77) 6.41 (2.94) .61
Completed modules 6.75 (0.84) 6.92 (0.35) 6.59 (1.09) .07

Aim 2 Analyses

Relationship Between Depressive Symptoms and App
Features

Journal entry frequency was not significantly associated with
changes in depressive symptoms (postintervention minus
baseline depressive symptom levels: r=-0.076; P=.49).

A multiple linear regression with the 6 reminder statements
predicting changes in depressive symptoms did not reach

statistical significance (Fgge=1.305; P=.27), nor were any of
theindividual 6 statements associ ated with depressive symptoms
(P=.08-.88). Table 3 presents the regression results.

A similar regression with the 4 mood tracking and usefulness
guestions (Table 4) predicting changesin depressive symptoms
aso failed to reach significance for the overall model
(F4,65=0.339; P=.85) and individual items (P=.32-.99). These
results failed to support H3 to H5 for the depressive symptom
outcome measure.

Table 3. Results of the multiple linear regression between reminder variables and change in depressive symptoms?,

Reminder variables [ t test (df) Significance level (P value)
The reminders helped me to remember to complete my modules -.057 -0.382 (68) .70
The reminders were annoying -.338 -1.792 (68) .08
The reminders were inconvenient .283 1.206 (68) .23
| would turn off the remindersif | could .296 1.377 (68) A7
The reminders helped improve the quality of the app .200 1.214 (68) .23
| got excited when | saw the reminders .021 0.151 (68) .88

8Changes in depressive symptoms were defined as postintervention scores minus baseline depressive symptom scores.

Table 4. Results of the multiple linear regression between mood tracking variables and change in depressive symptoms?.

Mood tracking variables [ t test (df) Significance level (P value)
The mood tracking hel ped me understand my pattern of moods -.159 -0.997 (68) 32
| liked being able to track my mood and symptoms 105 0.584 (68) .56
| did not use the mood tracking -.002 -0.016 (68) .99
The mood tracking made me want to use the app -.067 -0.448 (68) .66

8Changes in depressive symptoms were defined as postintervention scores minus baseline depressive symptom scores.

Relationship Between Adherence and App Features

In terms of adherence, journal entry frequency was positively
associated with adherence (r=0.638; P<.001). In addition, the
overall model for multiplelinear regression with the 6 reminder

https://mental .jmir.org/2022/8/€39516

RenderX

statements predicting the number of log-in questionnaires did
not reach statistical significance (Fg53=0.390; P=.88). None of
the individual reminder statement predictors were significant
(Table 5) in predicting usefulness on their own; therefore, H4
was not supported.
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In addition to journaling and reminders, questions regarding
the use and understanding of mood trackers were investigated
through multiple linear regression. The overall model did not

Six et a

reach significance (F 4 gg=2.115; P=.09), nor did any individual
factor reach the level of significance. Therefore, H5 is not
supported. Table 6 presents the regression results.

Table5. Results of the multiple linear regression between reminder variables and the number of |og-in questionnaires compl eted.

Reminder variables [ t test (df) Significance level (P value)
The reminders helped me to remember to complete my modules .097 0.629 (68) .53
The reminders were annoying 115 0.587 (68) .56
The reminders were inconvenient -.016 —-0.065 (68) .95
| would turn off the remindersif | could -.049 -0.219 (68) .83
The reminders helped improve the quality of the app -.114 —-0.660 (68) 51
| got excited when | saw the reminders 156 1.089 (68) .28

Table 6. Results of the multiple linear regression between mood tracking variables and the number of log-in questionnaires completed.

Mood tracking variables [ t test (df) Significance level (P value)
The mood tracking hel ped me understand my pattern of moods .230 1.516 (68) A3
| liked being able to track my mood and symptoms -.077 —0.455 (68) .65
| did not use the mood tracking -.238 -1.814 (68) .07
The mood tracking made me want to use the app -.084 —-0.588 (68) .56

Exploratory Analyses

Effect of Customization Versus No Customization on
Anxiety and Stress Symptoms

A 2 (time baseline and 14-day postassessment period)x2
(condition: customization or control) mixed ANOVA was
conducted to investigate whether the customization of avirtual
avatar would further reduce anxiety symptoms over time. The
effects of time (P=.08), condition (P=.13), and timexcondition
interaction (P=.28) were al nonsignificant. Customization did
not influence anxiety symptoms, and the AirHeart app did not
significantly reduce anxiety symptoms from the baseline.

Mixed ANOVA results for stress indicated that stress levels
significantly declined from baseline to after the intervention

(F170=11.438; P=.001, r]p2=0.126), but customization did not

influence stress symptoms (timexcondition: P=.29). The main
effect of the condition (P=.21) was nonsignificant.

Relationship Between Depressive Symptoms and Avatar
I dentification

Bivariate correlations were conducted to investigate the
relationship between depressive symptoms and identification
with one's avatar. Significant associations were observed
between depressive symptom scores and the statements “I
identified with my avatar” (r=-0.312; P=.02), “I felt a
connection with my avatar” (r=—0.305; P=.02), and “my avatar
wasnot likeme” (r=0.338; P=.01); however, no other statement
reached significance. The results for the depressive symptoms
are presented in Table 7. Multimedia Appendix 8 presents the
results for anxiety and stress symptoms.

Table 7. Correlations between Patient Health Questionnaire-8 scores after 14 days and the Avatar |dentification Questionnaire.

Avatar |dentification Questionnaire Pearson correlation Significance level (P value)
Identified with avatar -0.3122 .02
Connection with avatar -0.3052 .02
Avatar was not like me 0.3382 .01
Avatar is more accomplished 0.174 .20
| like my avatar -0.169 21
Avatar made AirHeart more enjoyable -0.217 A1
Avatar made me want to use AirHeart -0.244 .07
Avatar helped during modules -0.189 16

@Correlation is significant at the .05 level (2-tailed).
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Discussion

Principal Findings

This study tested the effectiveness of customization within a
novel CBT-based mental health app (AirHeart) on depressive
symptoms and app adherence. Customization focused on virtual
avatar self-representations, vehicle representations, and the use
of anindividual’s name throughout the app. Theresultsindicated
that, on average, depressive symptoms decreased over timein
al participants. However, customization and personalization
of app features did not lead to afurther reduction in depressive
symptoms (H1) or adherence (H2) compared with the control
group. Therefore, athough depressive symptoms declined
overal, customization and personalization did not exert a
significant benefit on symptom reduction or adherence. I nstead,
the core features of cCBT implemented within an app appear
to be independently effective.

The finding that depressive symptoms declined from baseline
after the 14-day app intervention period is consistent with
randomized controlled trials evaluating cCBT mental health
app efficacy [20,23,56-59]. More specifically, thisfinding aligns
with other studies showing that brief CBT-based mental health
apps, which consist of a short 4- to 8-module intervention, can
mitigate symptoms of depression [23]. However, this study did
not include ano app control group. Although the results showed
a significant reduction in symptoms from baseline to after the
intervention, the primary goa of the study was to compare
customization within 2 variants of a CBT-based mental health
app rather than to compare the effectiveness of the AirHeart
app to acontrol group.

In addition to depressive symptoms, we explored the effect of
AirHeart and AirHeart feature customization on anxiety and
stress symptoms. The results indicated that self-reported stress
levels decreased from baseline to after the intervention, but
therewere no significant changesin anxiety symptoms. Similar
to the results for depressive symptoms, customization did not
significantly affect stress or anxiety levels. The AirHeart cCBT
modulestargeted strategiesfor aleviating depressive symptoms
but were not designed for anxiety or stress symptoms. Thus,
the reduction in stress levels may represent an added benefit of
the cCBT mental health app.

The second aim of this study was to examine whether specific
app features, including journaling, mood tracking, and
reminders, were related to depressive symptoms and adherence.
Journal entry frequency was linked to adherence but not to
depressive symptoms. Users who journaled more frequently
had higher adherence levels. However, given the correlative
nature of this result, the directionality of this relationship is
inconclusive. It is possible that individuals who used the app
more frequently were aso incidentally journaling more.
Furthermore, in contrast to our hypotheses, the results showed
that the likability and usefulness of mood tracking and the
helpfulness of reminders did not impact depressive symptoms
or adherence. This finding was surprising, given that prior
qualitative, mixed methods, and review studies have shown
evidence that journaling, mood tracking, and reminder features
within mental health appsfor depression can effectively increase

https://mental .jmir.org/2022/8/€39516
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engagement and aid in the reduction of depressive symptoms
[44-46]. We speculate that the nature of CBT module
ddlivery—exploring depressive symptom management strategies
by navigating through the wonders of the world—may have
been more engaging than the other features that we assessed.
Future research is needed to understand therol e of these specific
app featuresin mental health symptoms and adherence.

Despite the prevalence of virtual avatarsin apps, video games,
and virtual meeting platforms, thereis an exceptionally limited
work characterizing individual difference factorsthat influence
the connection with a self-representative virtual avatar. As an
exploratory analysis, we examined the relationship between
virtual avatar identification and depressive symptoms. An
interesting finding of this study wasthat individual swith higher
levels of depressive symptoms did not identify or connect with
their virtual avatars. Thisfinding was observed across both the
customization and no customization control conditions. Thus,
this negative relationship between depressive symptoms and
avatar identification was observed, regardless of the level of
customization and personalization within the app. Thisfinding
divergesfrom other research, suggesting that participantswould
form an attachment and identify with their virtual avatar
[48,60-62]. Although this finding may not support our
hypothesis, it suggests that individuals with higher depression
symptoms may have more difficulty in identifying with virtual
self-representative avatars, regardless of aestheticsor similarity
to themselves. This finding may be explained by specific
symptoms of depression. In particular, depressed individuals
often experience increased levels of self-loathing [2], which
could reduce their feelings of positive connection with a
self-representative avatar. In other words, if an individual does
not like themselves, it is reasonable to expect that they would
not like avirtual representation of themselves. Alternatively, it
ispossible that the lack of certain avatar customization options
within the AirHeart app that are present within other apps may
have reduced identification.

With highly customizable avatars common in popular video
games, such as The Sims, Skyrim, and Animal Crossing, as
well as on mobile devices, such as Bitmojis, both unconscious
requirements and consciousjudgmentsfor not providing specific
hairstyles, skin color, accessories, or clothing may reduce the
identity of one'savatar. Although several studies have examined
player expectations for in-game behavior, little research has
been documented regarding players’ expectations for the game
avatar creation system [63,64], and in particular, how mental
health conditions, such as depression, may influence avatar use
and identification.

Limitations

This study has certain limitations. First, technical difficulties
within the AirHeart app impacted the experiences of a few
participants. Participants who at times lacked a steady Wi-Fi
connection reported having difficulty accessing the log-in
guestionnaires at the correct time. Although al participantswho
reached out with difficulties responded within a 24-hour period
either by the researcher (SGS) or developer (HA), this could
have impacted the usability and effectiveness of the AirHeart

JMIR Ment Health 2022 | vol. 9 | iss. 8 [€39516 | p.11
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

app. Furthermore, this limitation may have affected the SUS
scores reported by the participants.

In addition, owing to atechnical error with the Qualtricswebsite
along with user error, one questionnaire regarding the
participants’ opinions about the features within the AirHeart
app was not saved to the Qualtrics survey; thus, participantsdid
not originally completethisquestionnairein their postassessment
period. Although a total of 16 participants completed the
guestionnaire as a separate survey, there was a 19% (16/83)
participant lossfor this questionnaire dueto thiserror. Thisloss
of data impacted H3 and H4, which stated that the number of
journal entries and usefulness of reminders would both be
associ ated with heightened adherence and diminished depressive
symptoms.

Finally, customization options were limited to skin, eye, hair
color, and clothing choice. Participants were not able to
customize their facial expressions, facial features (eg, facial
hair and piercings), or personal features such as tattoos. In
addition, customization lacked some level of religious and
accessibility inclusivity, including thelack of wheelchair, hijab,
or yamaka options. Individuals may fedl that such features are
a strong reflection of their identity, and without such options,
they may feel detached from their avatar.

Future Directions

The AirHeart mental health app providesafoundation for future
mental health app development and informs work on avatar
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Log of the study power analysis.
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development. Future studies could replicate this design with
improved graphi cs and more customi zation optionsfor both the
avatar and hot-air balloons. Animation could be added as away
of increasing the potential connectivity with one'savatar. More
research isneeded on the overall connection with human avatars,
specifically on whether people identify more with avatars that
look like them or potentially look different, whether through
age, gender, or even species. Future studies are needed to
characterize the guidelines and requirements for high-level
avatar identification. In addition, ways to increase such avatar
identification for individuals with mental health conditions,
such as depression, are needed. Finally, future work is needed
to identify whether these findings can be generalized to a
broader, nonstudent popul ation.

Conclusions

Numerous mental health apps use avatars, customization, and
gamification; however, the therapeutic benefits of these features
appear limited [40]. The findings of this study may provide
insights into the usability and functionality of certain mental
health app featuresto further refine app development. This study
provides empirical evidence that customization features within
cCBT mental health do not provide significant benefits for
symptom reduction or adherence over and above the CBT
intervention itself. | dentifying specific app featuresthat improve
app effectiveness is required to optimize the design of mental
health apps and improve users’ mental health symptoms.

Multimedia Appendix 2
Inclusion and exclusion criteria.
[DOCX File, 13 KB - mental_v9i8e39516_app2.docx |

Multimedia Appendix 3
AirHeart app cognitive behaviora therapy module scripts.
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Multimedia Appendix 4
AirHeart app features.
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Multimedia Appendix 5

Customization instructions, customized avatar examples, and customized hot-air balloon examples.
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Multimedia Appendix 6
Avatar for the no customization active control condition.
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Multimedia Appendix 7
Detailed procedure of the 14-day app intervention.
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Abstract

Background: Artificial intelligence has the potentia to innovate current practices used to detect the imminent risk of suicide
and to address shortcomingsin traditional assessment methods.

Objective: Inthispaper, we sought to automatically classify short segments (40 milliseconds) of speech according to low versus
imminent risk of suicide in alarge number (n=281) of telephone calls made to 2 telehealth counselling servicesin Australia.

Methods: A total of 281 help line telephone call recordings sourced from On The Line, Australia (n=266, 94.7%) and 000
Emergency services, Canberra (n=15, 5.3%) were included in this study. Imminent risk of suicide was coded for when callers
affirmed intent, plan, and the availability of means; level of risk was assessed by the responding counsellor and reassessed by a
team of clinical researchers using the Columbia Suicide Severity Rating Scale (=5/6). Low risk of suicide was coded for in an
absence of intent, plan, and means and via Columbia suicide Severity Scale Ratings (=1/2). Preprocessing involved normalization
and pre-emphasis of voice signals, while voice biometrics were extracted using the statistical language r. Candidate predictors
were identified using Lasso regression. Each voice biomarker was assessed as a predictor of suicide risk using a generalized
additive mixed effects model with splines to account for nonlinearity. Finally, a component-wise gradient boosting model was
used to classify each call recording based on precoded suicide risk ratings.

Results: A total of 77 imminent-risk callswere compared with 204 low-risk calls. Moreover, 36 voice biomarkerswere extracted
from each speech frame. Caller sex was asignificant moderating factor (3=—84, 95% CI —0.85, -0.84; t=6.59, P<.001). Candidate
biomarkers were reduced to 11 primary markers, with distinct models developed for men and women. Using |leave-one-out
cross-validation, ensuring that the speech frames of no single caller featured in both training and test data sets simultaneously,
an areaunder the precision or recall curve of 0.985 was achieved (95% CI 0.97, 1.0). The gamboost classification model correctly
classified 469,332/470,032 (99.85%) speech frames.

Conclusions:  This study demonstrates an objective, efficient, and economical assessment of imminent suicide risk in an
ecologically valid setting with potential applications to real-time assessment and response.

Trial  Registration: Australian New  Zeadland Clinical  Trids Registry = ACTRN12622000486729;
https://www.anzctr.org.au/ACTRN12622000486729.aspx

(IMIR Ment Health 2022;9(8):€39807) doi:10.2196/39807
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Introduction

Suicide remains the 4th leading cause of death among 15- to
45-year-olds internationally [1]. However, traditional risk
factor—based assessment has failed to identify suiciderisk in a
targeted and timely manner [2]. There has been historically a
poor understanding of which risk factors contribute most to
identifying an escalationinsuiciderisk [2]. Thishasled to calls
for alternative approaches to evaluation, coupled with more
powerful means of analysis[3].

Suiciderisk assessment using voice biomarkers hol ds significant
promise. Several candidate voice biomarkers have been
identified that discriminate accurately between low and high
risk of suicide, including timing and prosody—based features
[4]. When combined with high-powered forms of statistical
analysis (eg, machine learning), voice biomarkers offer an
objective, unobtrusive, and economically feasible approach for
this purpose.

Inapromising study by Pestian and colleagues[5], an accuracy
of 85% was obtained using a range of voice biomarkers that
classified 379 calls according to the 3 categories of high risk of
suicide, mentally ill without prior history of suicidal ideation,
and healthy controls. However, the classification was obtained
using support vector machines, a powerful machine learning
approach that can analyze nonlinear data, but for which post
hoc interpretability is unavailable [6]. Thus, with a support
vector machine, it is difficult to understand which voice
biomarkers are important and which are not. These important
considerations will be addressed in our new study.

Souririgjan and colleagues [7] replicated the Pestian and
colleagues [5] study with 94 US veterans, meeting the criteria
for Gulf War syndrome measured at months 0, 1, 2, 3, 6, and
12 after recruitment. A range of voice biomarkers provided only
modest discrimination between low and high risk of suicide
(area under the receiver operating characteristic curve=0.64)
[7]. However, male Gulf War veterans, who formed the majority
of the sample (80.0%), are at lower risk of suicide than the
genera population [8], and reliance upon item 9 of the Patient
Health Questionnaire alone (“ Thoughts that you'd be better off
dead, or thoughts of hurting yourself in some way?’) is
associated with higher rates for fal se positives when compared
with the more comprehensive Columbia Suicide Severity Rating
Scale used by Pestian and colleagues [5].

Attempts have been made by a number of international
jurisdictions to codify a hierarchy of patient suicide risk and
appropriate response. Following the UK guidelines, Victoria,
Australia has developed the Statewide Mental Health Triage
Scale[9]. Sevenlevelsof risk are defined, with “current actions
endangering self” afforded the highest level of risk, followed
by very high risk of imminent harm, high risk, moderate risk,
low risk, referral required, and advice or information provision
at the lowest level of risk. The second highest category, very
high risk, specifies acute suicidal ideation accompanied by clear
plan and means. Neither Pestian and colleagues [5] nor
Sourirgian [7] clearly indicated which level of risk was being
targeted in their studies. In this new study, we are targeting low
risk and below compared with very high risk of imminent harm.

https://mental .jmir.org/2022/8/€39807
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Furthermore, the studies by Pestian and colleagues [5] and
Sourirgian [7] lack trandation into real-world settings. Based
on their studies, high levels of accuracy seem plausible only
when participants are recruited from inpatient services[10,11],
interviewed under lab conditions, and risk of suicideisassumed
to remain static over time. To extend the generalizability of
these findings, participants need to be recruited from
ecologically valid settings and assessed when elevation in
suicide risk occurs.

The help line serviceswe partnered with in this study represent
ecologically valid settings. Help line services have played an
important rolein early detection and responseto suiciderisk in
the community since the early 1950s[12]. In recent years, help
line services have withessed asignificant increase in the volume
of suicide-related presentations resulting from the COVID-19
pandemic [12,13]. Help line services support important avenues
of suicide detection and prevention by providing equitability
of access, promotion of disclosures and trust, and
supplementation of traditional forms of heath care [14].
However, suicide assessment via telehealth is challenged by
the absence of nonverbal cues, by time limitations, and by the
reticence of some callersto verbally expresssuicidal intent [15].

Where there is reasonable suspicion that the caller may have
taken actions to endanger themselves, emergency management
protocols can be triggered. This typically involves dispatch of
police and ambulance to perform a welfare check. However,
scarce emergency resources can also be dispatched when the
caler is not a imminent risk, thus potentialy diverting
life-saving servicesfrom other emergencies. Alternatively, there
is the threat of a serious risk of harm when imminent risk of
suicide is not detected and therefore not responded to. These
unfortunate high-stake scenarios can result in high-pressure
work environments that can adversely affect service providers
and the individual affected, making it critically important that
assessments of imminent suicide risk are as close to 100%
correct as possible.

Artificial intelligence has the potential to detect risk of suicide
in an accurate, efficient, and timely manner. Although thereis
initial evidencefor the efficacy of such an approach [4], current
evidencelacks application to real-world ecologies and real-time
assessment, both of which are essential if these insights are to
move beyond the lab. Thus, we aimed to use artificial
intelligence approaches to automatically classify in real time a
large sample of telephone counselling calls made to Australian
suicide-prevention help line services using voice biomarkers.
By classifying counselling help line calls to a very high level
of accuracy, we aim to demonstrate a viable support to existing
help line infrastructure that can be employed in real time.

Methods

Multimedia Appendix 1 illustrates the analysis workflow.

Call Recordings

A total of 532 telephone call recordings were sourced for this
retrospective observational study. Of these, 77 (14.5%) featured
imminent risk of suicide, while 204 (38.3%) featured low risk
of suicide. Participantswere callers of Suicide Call-Back Service
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(a nationa help line service coordinated by On The Line,
Australia) and 000 Emergency Services, Canberra wishing to
discuss themes relevant to suicide risk. On The Line call
recordings (n=517, 97.2%) were randomly sampled from July
1, 2019, to June 30, 2021, stratified by organizationally
determined suiciderisk level and disclosed sex of caller. Inthe
case of 000 calls (n=15, 2.8%), call recordings were randomly
sampled over the same time to reflect callers exhibiting
imminent risk of suicide, necessitating emergency services
response. Moderate-risk calls (236/517, 45.6%; Columbia
Suicide Severity Risk ratings= 3 or 4) were removed from
further analysis as they were not relevant to the aims of the
study.

Ethics Approval

No contact information for callers was possible, and a waiver
of consent was granted by the Swinburne University Human
Research Ethics Committee (reference number: 2021-4340).
This study is reported in accordance with the CONSORT
(Consolidated Standards of Reporting Trials) checklist [16]. A
CONSORT attrition flowchart is provided in Multimedia
Appendix 2. This study was registered with the Australian and
New Zealand Clinical Trials Registry
(ACTRN12622000486729) [17].

Preprocessing of Calls

All calls were recorded in monochannel 8-kHz, 32-bit float
format. Preprocessing involved transformation to 16-bit
pul se-code modul ation format, normalization, and pre-emphasis,
which attenuated low signals and emphasi zed higher frequency
signals to clarify the degree of audibility. This was important
to reduce the effect of background noise. Listwise removal of
silent frames (1,283,286/1,752,618, 73.2% speech frames) was
performed prior to the following analyses.

Selection of Low Versus | mminent Risk of Suicide
Callsfor Analysis

A multigated approach informed the designation of suiciderisk
level. Imminent risk of suicide was confirmed via affirmative
responses (by the caller) to thefollowing 3 screening questions:
“are you having thoughts of suicide?’, “do you have a plan?’,
and “are the means available?’, in compliance with triage
guidelines [11]. The level of risk was then reassessed at the
conclusion of each call by the responding counsellor using an
organizationally developed framework; 6-point Likert-style
scale (0-1=low; 2-3=medium; and 4-6=high). Responding
counsellors also made clinical notes (eg, presentation of
important content), which were inspected to ensure good
correspondence to the assigned levels of suicide risk.

Thelevel of risk for each call was then reassessed by ateam of
associate researchers (n=6), blinded to the initia rating. The
associate researchers were psychologists either provisionaly
or fully registered with the Psychol ogy Board of Australia, who
had substantial prior experience working with suicidal
presentations in telehealth settings. A random sample of calls
(n=100) was provided to each researcher for reassessment using
the Columbia Suicide Severity Rating Scale, avalidated measure
of suicide risk when used by clinicians [18] and administered
viatelephone [19]. Interrater reliability (kappa) of the Suicide
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Severity Rating Scale among the team of 6 associate researchers
was 0.92 for a random selection of 12 recordings. The
researchers were also asked to annotate segments of each
recording using appropriate audio software (Audacity, Version
2.4.2; Audacity Team). Annotated segments of each recording
wereto befreefrom the counsellors’ voice as much as possible.
Each annotated segment of speech was also described using
mental status examination language.

Derivation of Voice Biomarkersfor Identifying
Imminent-Risk Calls

Each annotated sound segment was divided into 50%
overlapping 40 milliseconds Blackman-filter windowed frames
[20]. Theframe size ensured an adequate level of magnification
of important characteristics at the center of the frame, whilethe
degree of overlap ensured that the tails of each window did not
remove valuable information. The modelling of risk occurred
via 36 different voice biomarkers. Voice biomarkers are defined
at both the 40 milliseconds speech frame and segment levelsin
the generalized additive mixed effects regression model
described below.

Reduction of Voice Biomar kersUsing Penalized L asso
Regression

Penalized Lasso regression [21] was performed in the first
instance to reduce the number of possible predictors to only
those with astrong relationship with suicide risk. However, this
model assumes linear relationships between predictors and
response (conveyed viaalogit link function) and ignores gender
effects and correlations among segments across a single call.
Thus, this model was used primarily to reduce the set of
predictors that informed subsequent analyses.

Validation via Mixed Effects Generalized Linear
Regression

A 3-level model best reflected the approach to data collection.
Thismodel was used to confirm the significance of the reduced
predictor set and test for significant moderation by caller sex,
whileallowing for the correl ation between speech frameswithin
each call. Model variables are summarized in Multimedia
Appendix 3.

Splines were applied to each biomarker to account for
nonlinearity [22]. Random intercepts at level 3 accounted for
differences between individual calls, and abinomia model with
logit link was used to identify imminent risk speech framesin
terms of the level 1 and 2 voice biomarkers.

Without acomparable prior study, apower analysisfor thefinal
classification algorithm was not feasible. However, Pestian and
colleagues [5] were able to achieve levels of classification
accuracy of 85% with 371 recordings (level 2) and ~15 voice
biomarkers (level 1). With a more precise classification model
(component-wise gradient boosting) and a mixture of level 1
and level 2 predictors, we anticipated that asmaller sample size
would suffice for this new study.
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Classification of Calls Using a Gradient Boosting
Classification Model

Although powerful, support vector machines, as used by Pestian
and colleagues [5], have notable disadvantages. Computation
time is prohibitive when the data set is large (eg, >100,000
observations) and the choice of kernel, which alows the
algorithmto choose apath of demarcation between groupswhile
minimizing misclassification error, can be difficult. This is
especialy true when thereislittle to guide the choice of kernel,
which is the case in analysis problems concerning voice
biometrics. Finally, the mathematical complexity of support
vector machines reduces the transparency of classification
decision-making.

In comparison to support vector machines, gradient boosting is
acomputationally simpler approach that addresses many of the
af orementioned problems. However, initsbaseimplementation,
it assumes linearity among the predictors. Thiscan beremedied
with an aternative implementation. Component-wise gradient
boosting can analyze nonlinear data by first estimating a
generalized additive mixed model with splines added, and then
applying each model component (individual predictors and
random components) to achieve the best reduction in
classification error (eg, see Hofner [23] for adetailed overview).
It is an approach that also allows for sex-moderated effects for
all biomarkers.

Leave-one-out cross validation was used to test the classification
accuracy of the gamboost model and to prevent information
leakage occurring if datafrom one participant was used in both
the training and test data sets. Thus, n—1 callers were used to
train the model, leaving the nested speech frames of a single
caller as the test case, ensuring independence of data between
training and test data sets. Classification probabilities were
derived for each speech frame (40 milliseconds) within each
hold-out caller. Frame level classification probabilities were
summarized by the mean classification probability for each
hold-out caller.

The Youden Jindex was used to derive the ideal cut point that
maximized upon both sensitivity and specificity of the
classification accuracy across al hold-out callersin relation to
binary precoded suicide risk level. A total of 1000 bootstrap
samples were estimated, and the mean of these estimated
samples was used as the ideal cut point. This approach
minimizes sample-specific bias and possible overestimation of
diagnostic utility, as discussed in Thiele and Herschfeld [24],
and is an approach used by other authors, such as Hentschel
[25].

Overfitting is suggested when there is a drop in classification
accuracy between training and validation classification accuracy,
suggesting that the algorithm has memorized the basis for
classification and applies these insights poorly to new data.
Classification accuracy was determined via accuracy measures

https://mental .jmir.org/2022/8/€39807
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including area under the receiver operating characteristic and
areaunder the precision-recall curve. Plainlanguage descriptions
of all voice biometrics are contained in Multimedia Appendix
4.

Results

Select caller demographics are summarized in Multimedia
Appendix 5. The sample comprised 77/281 (27.4%) callers at
imminent risk of suicide and 204/281 (72.6%) at low risk of
suicide (n=87, 40% male callersand n=194, 70% female callers).
Voice biomarkers were derived and analyzed for each of the
470,032 forty-millisecond speech frames. Median number of
annotated segments per recording was 13.0 (SD 14.58), and
median length of each segment was 118.50 (SD 120.19)
milliseconds.

Reduction of Voice Biomarker sUsing Penalized L asso
Regression

Penalized Lasso regression was performed to reduce the number
of voice biomarkers used to predict imminent suicide. A total
of 36 initial voice biomarkers were reduced to 12. The
significant predictors are summarized in Multimedia A ppendix
6.

Validation via Mixed Effects Generalized Linear
Regression

A generalized additive mixed model was employed to validate
the 12 predictors chosen by the Lasso regression. The model

explained 12.0% (adjusted R?) of the variance in risk level at
the segment level (N=3070 annotated segments).

Table 1 summarizes the significance of spline coefficients in
the generalized additive mixed model. Sex of caller was a
significant moderator. The effective degrees of freedom indicate
the degree of nonlinearity for each voice biomarker, with higher
effective degrees of freedom indicating a greater degree of
nonlinearity, and effective degrees of freedom close to 1
indicating linearity. Figure 1 illustrates the rel ationship between
each voice biomarkers and the probability of imminent suicide,
separately for male and female callers. For example, the plot of
root mean squared amplitude suggeststhat both male and female
callers speak with less signa strength (conceptually analogous
to speaking in hushed tones) when at imminent risk of suicide.
Conversely, increases in spectral slope were observed in both
male and female callersasthe level of risk of suicideincreased,
suggesting anincreasein physiological effort when experiencing
increasing suicidal stress.

These results confirmed that 11 (92%) of the 12 voice
biomarkerswere significant predictors of imminent suiciderisk.
First formant frequency, which proved nonsignificant for both
male and female callers, was not included in the subsegquent
Component-wise gradient boosting model.
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Table 1. Voice biomarker significance in the prediction of suicide risk: generalized additive mixed model? (adjusted R2=0.12; N=3070).

Voice biomarker significance B SE 95% ClI EDFP F-test P value

Male
Root mean squared amplitude (dB) —19.02 6.91 (-19.26, -18.77) 423 10.99 <.001
Dominant frequency (Hz) -1.10 1.10 (-1.14,-1.07) 1.00 1.00 .32
Entropy 221 0.80 (-2.24,-2.18) 1.00 7.56 .006
Formant, frequency (Hz) -0.42 0.89 (-0.45, -0.39) 1.00 0.23 .63
Formant; width (Hz) -0.60 1.28 (-0.65, —0.56) 2.46 3.05 .06
Formant, frequency (Hz) -0.88 0.84 (-0.91, -0.85) 1.00 111 .29
Formant, width (Hz) 2.09 0.86 (2.06, 2.12) 3.57 10.16 <.001
Formantz frequency (Hz) -3.61 0.76 (-3.64,-3.59) 1.00 22.68 <.001
Loudness 8.57 2.79 (8.47,8.67) 1.00 9.52 <.001
50th quartile (Hz) -1.14 1.27 (-1.19, -1.10) 1.03 0.82 37
Roughness -1.05 0.71 (-1.07,-1.02) 1.00 221 A2
Spectral slope 7.60 2.09 (7.53, 7.67) 4.10 476 <.001

Female
Root mean squared amplitude (dB) -3.67 2.28 (-3.75, -3.59) 3.74 711 <.001
Dominant frequency (Hz) 241 0.90 (-2.44, -2.37) 1.02 6.63 .01
Entropy 0.36 0.49 (0.34, 0.38) 1.00 0.54 47
Formant, frequency (Hz) -3.09 1.10 (-3.13, -3.05) 434 2.71 .02
Formant; width (Hz) 3.28 1.35 (3.23,3.32) 3.44 2.00 .07
Formant, frequency (Hz) 0.17 0.76 (0.14,0.19) 2.79 4.18 .02
Formant, width (Hz) -0.74 0.58 (-0.76,-0.72) 2.90 5.52 <.001
Formants frequency (Hz) 0.32 0.50 (0.30,0.34) 101 0.39 .53
Loudness -5.97 455 (-6.13, -5.81) 1.91 8.34 <.001
50th quartile (Hz) 253 0.74 (-2.56, —2.50) 1.03 10.56 <.001
Roughness 1.62 0.62 (1.60, 1.64) 2.58 4.65 .005
Spectral slope 4.99 1.20 (4.94, 5.03) 410 10.53 <.001

M ale versus female: B=—84; SE 0.002, 95% CI (-0.85, —0.84), t=6.59 (2 tailed); P<.001.
PEDF: effective degrees of freedom.
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Figure 1. Plots of generalized additive mixed effects model predictors; nonlinear relationship between voice biomarkers and the risk of suicide with
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Classification of Calls Using a Gradient Boosting
Classification Model

Component-wise gradient boosting was used to classify each
speech frame in terms of low and imminent risk of suicide.
Leave-one-out cross-validation was used to test the classification
accuracy of the gamboost model. A Youden J index value of
0.51 optimized upon both sensitivity and specificity in the
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classification of imminent risk. We correctly classified
469,332/470,032 (99.85%) speech frames (area under the
receiver operating characteristic=1.0, 95% Cl 1.0-1.0; areaunder
the precision-recall curve=0.989, 95% CI 0.97-1.00).

While all low-suicide-risk speech frames were correctly
classified, 700 (0.53%) of the 132,741 imminent risk frames
were misclassified as low. This corresponded with the speech
frames of a single caller in the 000 Emergency Services,
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Canberra sample. Upon closer inspection, this caller presented
in an intoxicated manner, having ingested a “large amount of
sleeping tablets” Mental status examination annotations made
by the reviewing team of psychologists indicated this caller
spoke with slow-to-normal rate of speech and flat-to-neutral
affect, and wasresponsiveto all questions asked, a presentation
similar to many low—suicide-risk callers.

Discussion

The development of atimely and accurate form of suicide risk
assessment remains a significant challenge, especialy if
implemented in a rea-time capacity as required by
suicide-prevention help lines. In this study, we sought to
automatically classify short segments of speech obtained from
2 suicide-prevention tel ehealth servicesin Australia, according
to low and imminent risk of suicide using supervised machine
learning approaches. We successfully classified 469,332/470,032
(99.85%) speech frames, with only a small number
(700/132,741, 0.53%) of high-risk speech frames misclassified.

Our study compares favorably with the findings of Pestian and
colleagues[5], who successfully classified 322 (85.0%) of 379
participant recordings discriminating between low and high risk
of suicide, using support vector machines. However, our study
differsin anumber of important ways from the aforementioned
study. Rather than classify suicide risk at the holistic recording
level, we instead classified risk at the 40 milliseconds frame
level. This allowed us to expand upon the size of the data set
upon which the classification algorithm could be trained and
validated, allowing for amore nuanced assessment of each voice
biomarker. This approach also demonstrates that only a short
segment of a call is required for suicide risk classification,
suggesting that the algorithm can be used for triage purposes
based on only ashort exchange (eg, an exchange with atriaging
chatbot).

Second, we achieved a greater level of transparency and
refinement than was afforded by the support vector machinein
the study by Pestian and colleagues [5]. Figure 1illustratesthe
exact nature of the relationship between the 11 voice biomarkers
andthelevel of risk of suicidefor men and women and suggests
several discernible nuancesin thewaysmaleand female callers
might speak when experiencing suicidal stress.

Finally, we reduced the numbers of possible predictors (via
Lasso regression) to ensure that only the most statistically
relevant biomarkers were included in later models. Our choice
of generalized additive mixed model validated the use of all but
one of the voice biomarkers selected by the Lasso regression.

Authors Contributions
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However, there are limitations in our approach. We did not
include callers of minority status, such as members of the
LGBTIQ+ (leshian, gay, bisexual, transgender, intersex, queer,
and other people of diverse sexuality, gender, or bodily
characteristics) communities and callers of non—English
speaking backgrounds. These community members may offer
valuable information that can further enhance the diversity of
input, practical outcomes, and nuance of our analyses overall.

We were aso not always successful in classifying all callsin
the imminent suicide risk category. The similarity between the
presentations of the single misclassified imminent risk caller
and other low suiciderisk callers suggestsapossible subsample
of callerswho may be in the midst of a suicide attempt that is
not being recognized by our classification approach. Thisis of
concern given this presentation is most at need of timely
emergency support. Thissuggestsapossiblerolefor other forms
of classification such as natural language processing of
speech-to-text translation, which might reduce similar
misclassifications in the future.

There were a so notabl e strengthsin our approach. Our industry
partnerships with On The Line, Australia and the Australian
Federal Police, Canberra ensured that we could trial this novel
technology in ecologically valid settings, where call quality is
often degraded and background noise evident. This contrasts
with the clinical settings within which the majority of studies
have thus far been conducted. Our multigated approach to the
assignment of suiciderisk to each call ensured the establishment
of acredible ground truth that was pivotal in accurately training
the classification agorithm. Our choice of advanced statistical
modelling has ensured a robust account of error variance in
estimating the probability of imminent suicide. A final strength
of this study is the visualization of imminent risk of suicidein
terms of voice biomarkers allowing for nonlinearity.

This study has taken evidence from 25 years of pilot research
and extended it to real world scenarios involving
present-moment intent to suicide. However, it would be
beneficial to control for caller age. We did not control for age
in any of our analyses; however, given the well-documented
age-related changes in vocal quality, this should feature in
subsequent analyses and would boost an account of variance
achieved by future mixed effects modelling. Finally, these
compelling findings suggest possible implementation within a
suicide-prevention telehealth service as an avenue worthy of
further exploration.
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Abstract

Background: Depressive symptoms are highly prevalent among adolescents in Western countries. However, although treatment
for depressive symptoms is available, many adolescents do not seek help when they need it. Important barriers to help-seeking
among adolescents include low mental health literacy and high stigma. Therefore, we have developed a game-based school
program, Moving Stories, which combines mental health literacy training for depression with contact with someone with lived
experience both in the digital and nondigital world.

Objective: The aim of this study is to conduct a first test of the effectiveness of the newly developed game-based program,
Moving Stories, using a cluster randomized controlled trial.

Methods: A total of 185 adolescents participated, divided over 10 classes from 4 schools. Half of the classes were randomly
selected to follow the Moving Sories program, whereas the other half were in the control group, where no intervention was
provided. The adolescents filled out digital questionnaires at 4 time points, with questions on mental health literacy, stigma,
depressive symptoms, and the program itself (before the program, after the program, 3-month follow-up, and 6-month follow-up).
Using R (R Foundation for Statistical Computing), we ran linear mixed-effects models for all continuous outcome variables and
generalized linear mixed-effects models for all binary outcome variables.

Results: Compared with the control group, participants in the Moving Sories group improved after the program in personal
stigma (b=—-0.53, 95% CI -1.02 to —0.03; t;79 1=—2.08; P=.04). Effects on personal stigma lasted over time (3-month follow-up:
b=-0.57,95% Cl —1.11t0-0.03; t;74 39=—2.07; P=.04). Most adolescentsin the Moving Sories group participated in theintroduction
(97/99, 98%) and contact session (93/99, 94%), played the game for 4 or 5 days (83/99, 83%), and indicated that they would
recommend the game to their peers (90/98, 92%).

Conclusions: The results of this study show the potential of Moving Stories as a stigma reduction program. With changes in
the program to improve its effects on menta health literacy, Moving Sories could be implemented in schools to improve
hel p-seeking in adolescents and reduce the negative consequences and burden of depressive symptoms.

Trial Registration: Dutch Trial Register NTR7033; https://trial search.who.int/Trial 2.aspx?TrialID=NTR7033
International Registered Report Identifier (IRRID): RR2-10.2196/11255
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Introduction

Background

Depressive symptoms are highly prevalent among adolescents
in Western countries [1-3] and increase the risk of developing
a depressive disorder later in life [4,5]. Both depressive
symptoms and a depressive disorder have many negative
consequences, including socia, academic, and physica problems
[6,7]. In extreme cases, adepressive disorder can lead to suicidal
thoughts and suicide attempts [2,4]. Suicide is one of the main
causes of death among youths worldwide [2]. Owing to these
detrimental consequences, it isvital that adolescents seek help
if they experience depressive symptoms. However, athough
treatment for depressive symptoms is available [8-12], many
adolescents do not seek help when they need it [13-15].
Moreover, the longer it takes to receive help, the worse the
response to treatment is[16].

Important barriers to help-seeking among adolescents are low
mental health literacy and high stigma [13,17]. Mental health
literacy comprises “knowledge and beliefs about mental
disorders which aid their recognition, management or
prevention” [18], whereas stigma “exists when elements of
labeling, stereotyping, separation, statusloss, and discrimination
occur together in apower situation that allowsthem” [19]. Social
support, on the other hand, increases help-seeking [13]. In light
of the high preval ence and negative consequences of depressive
symptoms, it is pivotal to lower barriers to help-seeking.
Therefore, we devel oped a game-based school program, called
Moving Sories, that targets mental health literacy and stigma
on depression [20]. The aim of this study is to examine the
effectiveness of this program.

Mental Health Literacy and Stigma

Mental health literacy isabroad concept that not only concerns
knowledge of mental health disorders but also refers to
connected actions, both by those who need hel p themselvesand
by those close to them [18,21]. More specifically, Jorm [21]
defined the main components of mental health literacy as “(a)
knowledge of how to prevent mental disorders, (b) recognition
of when adisorder isdevel oping, (c) knowledge of hel p-seeking
options and treatments available, (d) knowledge of effective
self-help strategies for milder problems, and (e) first aid skills
to support others who are developing a mental disorder or are
in amenta health crisis.” The Moving Stories program targets
recognition (component b), knowledge of help-seeking options
and treatments (component c), and first aid skills (component
€), specificaly for depression in youth [20]. The goal of the
Moving Stories program is to improve help-seeking. As
component (@) of mental health literacy concernsthe prevention
of mental disorders and component (d) concerns knowledge of
self-help strategies, we decided not to focus on these 2
components.

https://mental .jmir.org/2022/8/e26615

In adolescents, recognizing mental health disorders such as
depression has been linked to choosing appropriate help [22]
and increased hel p-seeking recommendations to peersin need
[22,23]. However, most adolescents have trouble identifying
depressive symptoms [24]. Adolescents aso have limited
knowledge of help-seeking options and available treatments.
Often, they do not know how and where to seek help [25].
Moreover, adolescents prefer to seek help from people they
know [23,26-28] and believe this help to be the most beneficial
[29]. Unfortunately, seeking help solely from peers is
inadvisable as peersare usually not able to provide the hel p that
is warranted [21,30]. Therefore, improving symptom
recognition, knowledge of appropriate help and treatment, and
first aid skills in adolescents is important in furthering
hel p-seeking.

Although improving symptom recognition isagood strategy to
enhance help-seeking, recognizing depressive symptoms and
labeling someone as mentally ill have aso been linked to
stigmatizing attitudes [31]. Both personal and perceived
stigmatizing attitudes have been found to hinder help-seeking
[13,32-35]. Personal stigmarefersto aperson’s*own attitudes
to amentally ill person,” whereas perceived stigma refersto a
person’s “perceptions of the attitudes held by other people”
[36]. High personal stigma in adolescents is also related to
poorer first aid skills [37]. Therefore, programs that target
mental health literacy should also, to asimilar extent, focus on
reducing stigmatizing attitudes.

Stigma and Mental Health Literacy Programs

Several studies have tested the effectiveness of programs
specifically aimed at reducing stigma toward mental health.
M eta-analyses have shown that antistigma programs, in general,
are effective in reducing stigma [38,39]. Successful elements
of antistigma programs are education regarding mental health
disorders and direct or indirect contact with someone who has
experienced amental health disorder. Research on mental health
literacy programs among youth is scarce. Most programs that
include components targeting mental health literacy primarily
focus on enhancing mental health rather than literacy [40].
Moreover, most studieson mental health literacy lack arigorous
evaluation with a randomized design, validated measures, or
follow-up measurements [40-42]. There are a few exceptions,
and these more rigorous studies show promising results (eg,
Headstrong [43] and teen Mental Health First Aid [44-47]).
Despite these promising results, currently available mental
health literacy programs for youth are subject to limitations.
Moreover, there has been some criticism of the way contact
sessions with someone with lived experience with a mental
health disorder are organized in stigma programs for youth
[48,49].

Few mental health literacy programs target behavioral mental
health literacy components (ie, help-seeking and first aid
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behavior). Most programs am to improve knowledge and
attitudes but do not focus on changing behavior [21]. In addition,
most mental health literacy programsarefairly didactic, whereas
adol escentsthemselves prefer moreinteraction [40]. Studieson
stigma programs in young adolescents have reported possible
limitations of contact sessions, including that when effects are
not found, it could be because of (1) the length of a contact
session (eg, when it isjust 1 hour [49]), (2) the way the person
with lived experience is introduced (eg, when a surprise
introduction is used, which distracts the adolescents from the
provided information [48]), and (3) the age difference between
the adolescents and the person with lived experience (eg, when
an adult is presenting their story to adolescents[48]). We argue
that a program that makes use of a video game, which is
combined with a contact session with someone with lived
experience, could address these limitations. In video games,
adol escents can practice hel p-seeking and first aid behaviorsin
a safe but engaging environment [50]. Games are excellent
learning tools as they provide immediate feedback on players
actions, encouraging them to continue and learn more [51].
Gamesalso allow for contact with people who youths normally
might not often encounter, including peers with depression.
Moreover, as games can be programmed to be played over a
longer period, theseinteractionswith peerswith depression can
be repeated over a period of multiple days. Games are also an
important part of youths lives [52], making a game-based
program relevant for young adolescents. In addition, there are
already some successful examples of video games that teach
adolescents health knowledge and skills [53,54] and decrease
mental health stigma [55]. However, there are none that focus
on both mental health literacy and stigma in youth. Finally, a
contact session with someone with lived experience could add
to the interactions that adolescents prefer, transfer the digital
experience to the nondigital world, and further help decrease
the stigma for depression. Especially when a program allows
for informal discussions between adol escents and a person with
lived experience, it could increase its effects on stigma [56].
For these reasons, we developed the game-based school
program, Moving Sories, which combines mental health literacy
training for depression with contact with someone with lived
experience, both in the digital and nondigital world [20].

This Study

The goal of this study is to conduct a first test of the
effectiveness of the newly developed game-based program
Moving Storiesusing acluster randomized controlled trial [20].
Our primary hypotheses are that adol escents who participatein
the Moving Stories program, compared with a control group
(business as usual), will have better mental health literacy and
lower stigma after the program and at the 3-month follow-up.
Our secondary hypotheses concern the effectiveness of the
Moving Stories program at the 6-month follow-up on mental
health literacy and stigmaand at the 3- and 6-month follow-ups
on first aid and hel p-seeking behaviors. Specifically, we expect
that adolescents who participate in the Moving Stories program
will provide more appropriate first aid if they are in contact
with apeer withamental health problem and will be morelikely
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to seek help personally if they themselves experience mental
health symptoms compared with adolescents in the control
group. Finaly, we have included process measures to assess
the use of the Moving Stories program and the possible side
effects, including depressive symptoms.

Methods

Procedure

A total of 275 adolescents from 10 classes in 4 schools were
asked to participate. Active informed consent was obtained;
both adolescents and their parents received an information letter
and consent form. The adolescents who did not get permission
from their parents to participate or refused to participate
themselves were excluded from the study and the program,
leaving a sample of 185 participants (185/275, 67.3%). Parents
and adol escents were allowed to withdraw their consent at any
time. Figure 1 showsthe flowchart of the allocation, enrolIment,
and follow-up of participants in the study. A summary of the
procedure is presented in this section. For a more detailed
explanation of the procedure, refer to the study protocol [20].
The CONSORT-EHEALTH (Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth) checklist (V 1.6.1) can be found in
Multimedia Appendix 1.

The adolescentsfilled out digital questionnairesat 4 time points
with a persona ID code and password (before the program,
after the program, 3-month follow-up, and 6-month follow-up).
M ost adolescents compl eted the questionnaire at school. If they
were not able to do so (eg, because of illness or because the
school could not provide atime slot), they could complete the
guestionnaire at home. The adolescents who failed to fill in the
guestionnaire after the program or at the 3-month follow-up
were alowed to participate in the subsequent time point. All
dropouts were because of the adolescents forgetting or not
willing tofill in the questionnaire at home, even after repeated
reminders by phone or email. The adolescents received €12.50
(US$12.73) for completing at | east the preprogram and 6-month
follow-up questionnaires.

AsMoving Storieswas designed to motivate adolescentsto talk
about depression, the primary teachers of the participating
classes and school care professionals (in both conditions)
received an information booklet and information session in
which possible actions were provided to discuss depressive
symptoms or suicidal thoughts with students. They were given
the opportunity to follow a web-based e-learning program on
depression and suicidality in youth [57,58]. Furthermore,
participants’ depressive symptoms were assessed at each time
point to verify that Moving Stories did not increase depressive
symptoms or suicidal ideation. If an adolescent had clinically
high depressive symptoms or suicidal ideation, both the
adolescent and their parents were contacted by phone by a
clinically trained member of the research team to inform them
of theresult and give advice on whereto seek professiona help.
In total, 4 adolescents and their parents were contacted. They
did not withdraw from participating in the program or study.
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Figure 1. Flowchart of allocation, enrollment, and follow-up.
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Ethics Approval

Ethical approval was provided by the ethics committee of the
Faculty of Socia Sciences a Radboud University
(ECSW2017-2306-526). The study was registered in the Dutch
Trial Register (NTR7033).

Sample Size

We expected a small to medium effect (Cohen d=0.40) of
Moving Stories on mental health literacy and stigma at the
3-month foll ow-up based on the results of aprevious study with
a school program for mental health literacy [43]. Our power
analysis was based on our origina analytic plan [20], using
Stata (version 14.2; StataCorp) [59] and assuming
baseline-adjusted regression analyses (a=.05; [=.20). Our
provisional estimates for the correlations between pre- and
postprogram measurements and between postprogram and
3-month follow-up measurements were 0.50. A coefficient of
0.19 (estimated mean cluster size 18; estimated cluster size
range 11-25 [60]) and an intracluster correlation coefficient of
0.02 [43] led to adesign effect of 1.35. Considering the design
effect, we calculated that we needed 3.75 classes per condition
to show the expected effect, rounding up to 4 classes per
condition, with 18 adolescents per class. To adjust for a t
distribution [61], we added 1 class per condition, resultingin 5
classes (ie, 90 adolescents) per condition and atotal necessary
sample size of 180.
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Program

Adolescents in the experimental condition participated in the
Moving Stories program. Moving Soriesisagame-based school
program that comprises 3 parts; (1) an introduction lesson; (2)
a single-player, mobile, and 3D video game [62]; and (3) a
contact session with someone who has lived experience with a
depressive disorder. For each class, the full program was
delivered within 1 week. In theintroduction lesson, adol escents
were told what the video game was about (without using the
term depression), and they were able to download and start the
game with a classroom password. This password was linked to
their class schedule to allow for joint playing time and shared
feedback moments in the game.

The adolescents could play the game individually but in the
same period astheir classmates for 5 days in the morning (one
of which was aweekend day). In the game, they interacted with
the character Lisa (Figure 2), who showed signs of depression
(without being labeled as depressive symptoms). Lisa's
symptoms were based on symptoms that are most common in
adolescent girls in the Netherlands who have subclinical or
clinical depression. These symptomswere derived from multiple
data setsfrom Dutch studies on depression during adol escence.
The adol escents were asked to help Lisaand were able to do so
by performing 5 actions each day. Some of these actions had a
positive effect on their relationship with Lisa, and others had a
negative effect. During the day, a set time points, the
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adol escents received messages from Lisawith feedback on their
actions. After 5 days of playing, the adolescents were able to

Figure 2. Screenshot of the Moving Stories video game.

The program ended with a contact session for the whole class,
whichwasled by trainerswith lived experience with depression.
The trainerstold their own life stories about depression. Using
this life story and the experience the adolescents had in the
game, thetrainer discussed 5 first aid skillsthat the adol escents
could usewhen one of their friendswoul d experience depressive
feelings. A detailed description of the program is available in
the study protocol [20]. The adolescentsin the control condition
did not participate in any part of the Moving Stories program.
They only filled in the questionnaires, and their teachers
received information on depression and suicide as described in
the Procedure section.

M easures

Overview

We deviated from our study protocol by calculating McDonald
winstead of Cronbach a to assessthereliability of the measures.
Many scholars have argued that in most psychological research,
the assumptions made by Cronbach o are violated (eg, T
equivalence, normality, and a unidimensional scale), and that
W is a better aternative that can deal with these violations
[63-66]. We used the package psych in R (R Foundation for
Statistical Computing) to calculate the wtotal [67]. We did not
test the external validity of the various outcome measures. These
concepts have been studied in multiple studies on mental health
literacy and are related to behavioral outcomes. For example,
in a study by Yap and Jorm [68], the researchers found that
mental health first aid intentions predicted helping actions 2
years later.
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see afinal scenein which Lisa explained that she got help and
thanked the player for their effortsin trying to help her.

Davelopment Build

Outcome Measures

Overview

Mental hedlth literacy regarding depression was measured by
(1) symptom recognition, (2) first aid intentions, (3) knowledge
of first aid, (4) first aid confidence, (5) beliefs about help, and
(6) help-seeking intentions. Depression stigma was measured
by (1) persona stigma, (2) perceived stigma, and (3) social
distance. A full description of al the measures is given in the
study protocol [20].

Symptom Recognition

Symptom recognition was assessed using 3 vignettes with
gender-matched descriptions of adolescents aged 15 yearswith
depression, social anxiety, and psychosis [20,30]. Recognition
of depression was defined by labeling the person in the
depression vignette as depressed, whereas overestimation of
depression was defined by labeling the person in the social
anxiety or psychosis vignette as depressed. Responses to the
vignetteswere coded by undergraduate students (2 per vignette),
and incongruencies were discussed. For all the following
measures (unless otherwise mentioned), the vignette of the
person with depression was used as an example.

First Aid Confidence

Confidencein providing first aid was measured by asking how
confident the participant would be to help the person in the
vignette if they were afriend [47].

First Aid Intentions and Skills

To measure general first aid intentions, participants were asked
how much they agreed with the following statement: “1f [name
of the person in the vignette] was a friend, | would help
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him/her.” Specific first aid skills were assessed by asking
whether the participant would perform each action on alist of
12 helpful and harmful first aid actions[44]. The scoresfor the
harmful actions were reverse-scored. The helpful and harmful
action scales have both shown acceptable to good reliability in
aprevious study [44]. However, in this sample, reliability was
low for the 2 separate scales. We added up the helpful and
reverse-scored harmful itemsto create atotal scorefor first aid
skills, with higher scoresrepresenting better first aid skills. The
value of w was between 0.71 and 0.82 for al 4 time points.

Beliefs About Help

Beliefs about help were assessed by asking whether a specific
person would make the person’'s situation in the vignette
“better”; “not better”, “not worse”; or “worse.” A score for
beliefs about appropriate help was cal culated by adding up the
number of selected adult sources (ie, parent, other relative,
psychologist or socia worker, phone helpline, general
practitioner, teacher, school welfare coordinator or school
counselor, and religious leader) deemed to be helpful (better)
[47]. The value of w was between 0.67 and 0.74 for all 4 time
points.

Help-Seeking I ntentions

Help-seeking intentions were measured using the Genera
Help-Seeking Questionnaire, which has good interna
consistency and excellent test—retest reliability [69]. Average
scores for the following 3 scales were calculated: (1) general
help-seeking intentions (all categories; w between 0.78 and
0.82), (2) help-seeking intentions toward informal sources
(categories 1-4; w between 0.70 and 0.74), and (3) hel p-seeking
intentions toward formal sources (categories 5-10; w between
0.84 and 0.85). Higher scores indicated higher intentions.
Stigma

Stigmawas measured with 3 scales. Both persond and perceived
stigmawas measured using the Dutch Depression Stigma Scale
[70,71], whereas social distance was measured with the 5 items
from the Social Distance Scale for youths [71]. The origina
personal and perceived stigma scales have both shown
acceptable to good internal consistency [72], whereasthe Social
Distance Scale has shown excellent internal consistency [44].
Inthis sample, wwas between 0.62 and 0.67 for personal stigma,
between 0.74 and 0.83 for perceived stigma, and between 0.84
and 0.87 for socia distance. Higher scores for personal and
perceived stigmaindicated higher stigma, whereas higher scores
for socia distance indicated lower stigma.

First Aid Behavior

First aid behavior was measured by asking whether the
participant has had contact with someone who has experienced
a problem similar to the one seen in the vignette ever (before
the program) or within the past 3 months (at 3- and 6-month
follow-ups). If the participant answered yes or maybe, they were
then asked whether they offered the other person their help. If
so, or if they were unsure, they were asked what they did out
of the 12 actions and the open-ended option mentioned in the
First Aid Intentions and Skills section [44].
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Help-Seeking Behavior

Help-seeking behavior was assessed by asking whether the
participants themselves had experienced a problem similar to
the situation in the vignette. If they responded with yes or not
sure, they were asked whether someone had helped them with
this problem in the past 3 months and who this person was.
Multiple answers could be provided.

Distal Measure

Depressive symptoms were assessed with the Children’s
Depression Inventory [73,74]. The Children's Depression
Inventory comprises 27 items, each with 3 statementsto choose
from. The participants were asked to pick the statement that
best described how they felt in the previous 2 weeks.

Process Measures

Contamination Check

To check for possible contamination effects because of the
within-school randomization, participants in the control group
were asked at the 6-month follow-up whether they had heard
of the game Moving Storiesand, if so, whether they had played
it. If they indicated that they had played it, they were asked on
what platform they had done so.

Evaluation of Moving Stories

After the program, participants in the intervention group were
asked to evaluate the program Moving Sories with 7 items. To
distinguish between the different components of the program
and the study (ie, game, evaluation session, and research), the
participants were also asked which of the components they
would recommend to a friend if they had the opportunity to
participate in the study over the following year.

Statistical Analyses

Data preparation and descriptive analyseswere performed using
SPSS Statistics (version 25; IBM Corp) [ 75]. All other analyses
were conducted using R (version 3.5.1) [ 76]. We used multilevel
analyses in R instead of regression analyses according to the
intention-to-treat principle in Mplus [77], as described in the
study protocol. Multilevel analyses in R were chosen for 2
reasons. (1) because our data were nested within participants
and classes and therefore the analyses needed to account for
this nested structure and (2) because multilevel analyses do not
delete participants listwise, nor are imputations of data needed
[78,79]. We ran linear mixed-effects models for all continuous
outcome variables from preprogran measurements to
postprogram measurements, 3-month follow-up, or 6-month
follow-up and generalized linear mixed-effects models for all
binary outcome variables using the R Ime4 package [80]. We
included random intercepts per participant and per class, aswell
asarandom dopefor condition per class. Therefore, our random
effects structure modeled (1) baseline differences between
participants, (2) baseline differences between classes, and (3)
differences in the effectiveness of Moving Sories between
classes. By including random effects, we knew that the
differences between the experimental group and the control
group would not be biased by differences between the classes.
Therefore, the random effects structure benefited the
interpretation in this 2-group design. When random effect
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variances were estimated as O in one of our models, we
simplified the random effect structure of the model by first
omitting random correlations and, if necessary, the random
intercept for class. Asrecommended for confirmatory hypothesis
testing, the random slope for our predictor of interest (ie,
condition) was never omitted [81]. Time was set as a factor,
and al categorical predictors were coded using sum-to-zero
contrasts. All continuous predictors were standardized into Z
scores. The significance of the coefficients was tested using t
tests (2-tailed), with correction of the df based on the
Satterthwaite approximation. A chi-sguare test was used to test
if the condition had an effect on whether adolescents had
provided help to someonein their network with amental health
problem. We reported the estimate, 95% Cl, and 2-tailed t test
results with P<.05 for the linear mixed-effects models and the
odds ratio, 95% CI, and Z test results with P<.05 for the
generalized linear mixed-effects models. The other results can
be found in Multimedia Appendix 2 and the materials at the
Open Science Framework [82].

Open Science

All materials have been made publicly available via Open
Science Framework [82]. The design and analysis plansfor the
experiments were published before finishing data collection at
JMIR Research Protocols [20]. Deviations from the original
analysis plansare described in this manuscript or in the materials
at Open Science Framework.

Results

Participants

A total of 185 adolescents participated, with an age range of 12
to 15 years(mean 13.43, SD 0.67 years). Of the 185 participants,
101 (54.6%) were boys, and 179 (96.8%) were born in the
Netherlands. The educational levels of the classes were either
only preparatory secondary vocational education or preparatory
secondary vocational education including higher general
secondary education (low to middle level; 72/185, 38.9%) and
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preuniversity education (highest level; 113/185, 61.1%).
Approximately 91.9% (170/185) of the adolescents indicated
that they played video games and did so for an average of 8.48
(SD 7.26) hours per week.

Dropout at postprogram measurements (3/185, 1.6%) and the
3-month follow-up was low (11/185, 5.9%). At the 6-month
follow-up, approximately 89.7% (166/185) of the adolescents
finished the questionnaire (10% dropout). There were no
significant differences in study condition, gender, country of
birth, and gaming behavior and frequency among adolescents
who dropped out at the 6-month follow-up and adolescentswho
finished the final questionnaire. However, the adolescents who
did not finish the final questionnaire were significantly older
(t1gg=2.47; P=.01) and had higher depressive symptoms
(t,55=2.63; P=.009) and a lower educational level (x*=18.3;

P<.001) than the adolescents who finished the fina
guestionnaire.

Baseline Differences
Differences were found between the experimental and control
groups in terms of gender (x21:10.5; P=.001), whether the

adolescents generally played video games (x%=7.4; P=.007),
and number of hours playing video games (t;g; gg=2.93; P=.004).
In the experimental group, 66% (65/99) of the participantswere
male, whereas in the control group, 42% (36/86) were male.
Significantly more adolescents in the experimental group
indicated that they played video games, and they did so more
hours a week than those in the control group. We included
gaming frequency (standardized) and gender as covariates in
all models. Tables 1 and 2 show the descriptives of the outcomes
for both conditions. At preprogram measurements, the
experimental group had less adequate first aid skills than the
control group (t;g, 35=—2.09; P=.04) and more social distance
toward peers with depression (t;g5=—2.04; P=.04). Moreover,
the experimental group deemed more adults to be helpful than
the control group (t;g3;=2.07; P=.04).

Table 1. Percentages of adolescents who mentioned depression at the 3 vignettes (N=185).

Depression mentioned in vignette per group  Preprogram measurement

Postprogram measurement  3-month follow-up 6-month follow-up

n (%) N n (%) N n (%) N n (%) N

Depression vignette

Moving Stories 62 (63) % 90 (92) 98 70 (76)2 2 64(74) 86

Control 57 (66) 86 75 (89)° 84 71872 82  68(8Y) 80
Social anxiety vignette

Moving Stories 0(0) 929 2 (27 98 1(1)?2 92 1(1) 86

Control 1(1) 86 12 84 0(0)? 82 1(2) 80
Psychosis vignette

Moving Stories 13 (13) 99 34 (35)2 98 29 (32)2 92 21 (24) 86

Control 9 (10) 86 13 (15) 84 17 (21)2 82 20 (25) 80

3Primary outcomes.
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Table 2. Means and SDs of the outcomes of the continuous variables.
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Outcome and group Preprogram measurement,

Postprogram measurement,

3-month follow-up,  6-month follow-up,

mean (SD) mean (SD) mean (SD) mean (SD)

First aid confidence

Moving Stories 3.60 (0.89) 3.48 (1.02)2 3.47 (1.03) 3.29 (1.10)

Control 3.48 (1.03) 3.49 (1.02)° 3.46 (1.08) 355 (1.01)
General first aid intentions

Moving Stories 4.45(1.02) 4.27 (0.97) 4.25 (0.88)2 4.22 (1.01)

Control 4.42 (0.93) 4.25 (1L02) 4.23 (1.01)2 4.40 (0.92)
Specific first aid skills

Moving Stories 43.12 (4.61) 43.00 (4.76)2 42.55 (4.74)2 42.57 (4.47)

Control 44.41 (3.77) 43.18 (4.87) 43.87 (4632 43.59 (4.38)
Beliefs about help

Moving Stories 3.03 (1.63) 2.97 (1.79) 2.45 (1.63) 2.51(1.70)

Control 2.56 (1.45) 2.36 (1.56)2 2.29 (1.51)2 2.39 (1.56)
Help-seeking intentions (total)

Moving Stories 4,06 (0.98) 418 (1.02)2 3.98 (0.91)2 3.94 (0.83)

Control 3.87(0.90) 3.86 (0.81)2 3.85 (0.75) 3.85(0.75)
Help-seeking intentions (infor mal)

Moving Stories 4.83 (1.15) 4.86 (1.22) 4.85 (1.07) 4.85(1.07)

Control 4,79 (1.14) 4,67 (1.08) 4,61 (1.20) 4.72 (1.08)
Help-seeking intentions (formal)

Moving Stories 3.21(1.23) 3.42 (1.34)2 3.08 (1.28) 2.99 (1.23)

Control 2.93 (1.06) 3.00 (1.00)2 2,89 (0.94) 2.93(1.13)
Per sonal stigma

Moving Stories 18.56 (3.83) 17.74 (3.36)2 17.14 (4.10)2 16.81 (4.06)

Control 17.57 (3.70) 17.87 (3.58) 17.59 (3.55) 16.79 (3.47)
Perceived stigma

Moving Stories 22.71 (4.14) 22.24 (4.81)2 22.73 (4.90)2 22.62 (4.84)

Control 21.97 (4.48) 22.61 (4.70)2 22.01 (4.86)% 22.08 (4.28)
Social distance (stigma)

Moving Stories 14.27 (2.78) 14.56 (2.82)2 13.87 (3.03)2 14.19 (2.97)

Control 15.13 (2.91) 14,54 (2.87) 14.88 (2.99) 14.58 (3.06)

3Primary outcomes.

Outcome M easures

Symptom Recognition

No effects of condition on recognition of depressive symptoms
in the depression vignette or on overestimation of depressive
symptomsin the psychosisvignette were found from preprogram
to postprogram measurements and 3- and 6-month follow-ups.
For the social anxiety vignette, variance was close to 0
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(approximately no adolescents indicated they thought the
vignette was about depression); therefore, we did not conduct
any analyses on the social anxiety vignette.

First Aid Confidence

No effects of condition were found at the postprogram
measurement and 3-month follow-up for first aid confidence.
Participation in the experimental group predicted changes over
timein first aid confidence from the preprogram measurement
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to the 6-month follow-up compared with the control group
(b=-0.20, 95% CI -0.35 to —-0.05; tyg905=—2.61; P=.01).
Contrary to our secondary hypothesis, the experimental group
had a decrease in first aid confidence from the preprogram
measurement to the 6-month follow-up (tg=3.74; P<.001),
whereas this effect was not found in the control group.

First Aid Intentions

Participation in the experimental group did not significantly
predict changes over time in intentions for general or specific
first aid skills.

Beliefs About Help

Participation in the experimental group did not significantly
predict changes over time in beliefs about the helpfulness of
adults.

Help-Seeking I ntentions

Participation in the experimental group did not significantly
predict changes over time in help-seeking intentions toward
informal, formal, or all help sources.

Stigma

Participation in the experimental group, compared with the
control group, was related to changes over time in personal
stigmafrom pre- to postprogram measurements (b=—0.53, 95%
Cl -1.02 to —0.03; t;79.16=—2.08; P=.04) and from preprogram
measurements to the 3-month follow-up (b=-0.57, 95% ClI
-1.11 to -0.03; t17439=—2.07; P=.04). At the postprogram
measurements and 3-month follow-up, in line with our primary
hypotheses, personal stigma decreased significantly in the
experimental group (postprogram measurement: tg;=2.40, P=.02;
3-month follow-up: t4;=3.81, P<.001), whereasthiswas not the
casefor the control group. No effects of condition on perceived
stigma and socia distance were found at postprogram
measurement and the 3- and 6-month follow-ups, and the effects
on personal stigmadid not last at the 6-month follow-up.

First Aid Behavior

There were no significant differences at the 3- and 6-month
follow-ups between the experimental and control groups on
whether adolescents had provided help to someone in their
network with a mental heath problem. At preprogram
measurements, of the 71 participants who were in contact with
someone in their network with a mental health problem, 66
(93%) indicated having offered help. At the 3-month follow-up,
thiswas 89% (31/35 participants), and at the 6-month follow-up,
it was 67% (24/36 participants).

Help-Seeking Behavior

There were no significant differences at the 3- and 6-month
follow-ups between the experimental and control conditionson
whether adolescents had a personal experience with a mental
health problem. At preprogram measurements, 17.3% (32/185)
of the participants indicated whether they ever had a mental
health problem (or did not know for sure). At the 3-month
follow-up, 10.9% (19/174) of the participants indicated having
had a mental health problem in the previous 3 months (or did
not know for sure), whereas at the 6-month follow-up, thiswas

https://mental .jmir.org/2022/8/e26615

Tuijnman et al

5.4% (9/166) of the participants. None of the adolescents at the
3- and 6-month follow-ups mentioned that they had not been
hel ped.

Distal Measure

Participation in the experimental group was not related to
changes in depressive symptoms over time.

Process M easures

Contamination Check

In the control group, at the 6-month follow-up, 3% (2/80) of
the adolescents indicated that they had heard of Moving Sories.
None of them indicated they had played the game.

User Statistics

Most of the adolescents in the experimental group participated
intheintroduction and contact sessions (97/99, 98% and 93/99,
94% of participants, respectively). During the playing days,
49% (49/99) of the adol escents played the gamefor 5 days, 34%
(34/99) played it for 4 days, 14% (14/99) played it for 3 days,
and 3% (3/99) played it for <2 days.

Evaluation of Moving Stories

The adolescentsin the experimental group rated Moving Sories
positively at the postprogram measurements. When asked
whether they would recommend elements of the study and
program to a friend, 92% (90/98) of the adolescents indicated
they would recommend the game, 66% (65/98) indicated they
would recommend the contact session, and 79% (77/98)
indicated they would recommend the research element. Of the
98 adolescents, 75 (77%) understood the game, 67 (68%)
thought they had learned something from it, and 74 (76%) were
interested in how Lisa would be doing in 6 months. Fewer
adolescents rated the contact session positively (44/98, 45%);
however, 53% (52/98) of the adolescents indicated that they
had learned something from it. Approximately 40% (39/98)
indicated that they would play the game a second time to get a
better score. Interms of stigmatizing attitudestoward Lisa, 23%
(23/98) of the adolescents indicated that they would not hang
out with Lisain daily life, whereas the others were neutral or
positive toward her.

Discussion

Principal Findings

The goal of this cluster randomized controlled trial was to test
the effects of the newly devel oped game-based school program
Moving Stories [20] on mental health literacy and stigma
regarding depression in adolescents.

We found that participation in the Moving Stories program
reduced personal stigmaover time compared with participation
in the control condition. These results are in line with previous
research showing that contact with someone with lived
experience can reduce stigma [39]. Interacting with a video
game character with depressive symptoms combined with
meeting someone with lived experience in the Moving Stories
program seemed to be similarly effective, at least in terms of
immediate effects. However, improvements in persona stigma
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did not continue beyond 3 months, and the effects could be a
result of regression to the mean [83]. These results suggest that
repeated conversations about mental health in the classroom or
increased interactions with people with mental health disorders
(either virtually or face-to-face) may be needed to achieve
longer-lasting improvements. Furthermore, implementing
booster sessions with the game may be beneficia as well
[84-86].

Contrary to our secondary hypothesis, wefound that adolescents
inthe Moving Stories group wereless confident about providing
help at the 6-month follow-up compared with adolescents in
the control group; however, there were no group differences at
the 3-month follow-up or after the program. The adolescentsin
the Moving Sories group may have felt less confident after 6
months about remembering and applying the helpful skillstaught
in the Moving Stories program, whereas the adolescents in the
control group had no knowledge of whether specific skillswere
helpful or harmful. Indeed, we did not find any effects on first
aid skills. It could be that, for confidence to increase, a strong
and longer-lasting knowledge improvement would be needed.

No group differenceswere found for symptom recognition, first
aid intentions, beliefs about the hel pfulness of adultsin general,
help-seeking intentions in general, or toward informa and
formal sources specifically. We did not find group differences
in perceived stigma, social distance, or providing and seeking
help. The null resultsin our study are not in line with previous
work, as other mental health literacy programs have been found
to be effective in improving mental health literacy, specifically
intermsof knowledge[43,44,47]. An explanation could be that
our study was conducted on apopulation of younger adolescents.
Most successful mental health literacy programs have been
tested on older adolescents [43,44], and a study with younger
adolescents found weaker effects [45]. Younger adolescents
may be less devel opmentally equipped or lack experience with
depressed peers to relate to the topic [45]. Another reason for
not finding significant effects could be that the content of the
Moving Stories program was not sufficient to improve mental
health literacy. Other mental health literacy programs have
incorporated didactic sessions in which facts about depression
and first aid skills are explained. The Moving Stories program
did not include didactic sessions but was focused on learning
by doing [50]. It is possible that the experiences in the video
game did not sufficiently lead to improved knowledge. As the
contact session took approximately 50 minutes and focused on
sharing experiences and trand ating the story of Lisato the real
world, providing information about depression was not
prioritized. Future iterations of Moving Stories could combine
the learning by doing in the video game with the didactic
sessionsfrom other programsto improve its effectiveness. This
might be especially beneficial for a younger, less-experienced
group of adolescents. Finally, it could also be that we did not
have sufficient power to show effects in a Dutch context. We
based our power analysis on an Australian study; however, the
contexts of the 2 countries might have differed too much. Future
studies in a Dutch context with Moving Sories, or any other
mental health literacy program, should start with a lower
expected effect size.

https://mental .jmir.org/2022/8/e26615
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Finally, the process eval uation showed that Moving Sorieswas
well-received by the adolescents, and adherence to the full
program was high. Thisisasimportant asthe stigmaresults, as
both digital and nondigital mental health programs often suffer
from engagement problems [87]. If we want a school program
to be successful outside the research context, we need
adolescents to be intrinsically motivated to participate in the
program. Although the Moving Stories program does not have
the same entertainment goals as the video games adolescents
play today, adolescents in our study were still engaged by the
game and interested in the content of both the game and the
contact session.

Strengthsand Limitations

This study used a rigorous design to test the effects of a new
mental health literacy program. Most studies on the effects of
health literacy programs do not include a control group, and
very few studies test the effects over a longer period [40-42].
Another strength of this study is the assessment of =1 element
of mental health literacy [21]. Many studies on mental health
literacy focus solely on knowledge of depression facts[88]. In
this study, we also assessed knowledge of available help, first
aid skills, and help-seeking and first aid intentions.

A limitation of our study was the difference between dropouts
and completers at the 6-month follow-up. Age and education
level differencesin attrition were mostly because of aclassthat
received the questionnaire right before the Christmas break and
therefore received fewer reminders. Compared with the other
classes, adolescents in this class had a higher mean age and
lower educational level. However, this particular class did not
explain the attrition differences found in depressive symptoms.
Adolescents with depressive symptoms may have been less
comfortable with answering questions about their mental state
and therefore did not fill in subsequent questionnaires [89-91].
In addition, all participants were made aware that in the
exceptional case that the data showed that the adolescent was
feeling very bad, they themselves and their parents would be
contacted by the research team. To avoid such a cal, the
adol escents could have chosen not to fill out later questionnaires.

A second limitation was the relatively low reliability of some
of the outcome measures (ie, beliefs about help and personal
stigma). These outcomes should beinterpreted with caution. In
general, low psychometric quality is found for mental health
literacy measures[88] and, to enable comparisons, weincluded
guestionnaires that were used in studies on one of the most
rigorously evaluated mental health literacy programs (teen
Mental Health First Aid [44]). Although the use of vignettes
had the benefit of not relying on labels to assess mental health
first aid, a disadvantage was that we did not know what the
effects of repeated use of the vignetteswere. However, our study
did show a variety in responses to the vignettes over time,
meaning that the participantsdid not simply repeat their answers.
More work is needed to develop measures of good quality that
help us assess the effects of mental health literacy programs
more effectively [88].

Finally, we were unable to explore the behaviora effects of the
Moving Sories program because of small subsamples and
differences at baseline in the quality of the provided help

JMIR Ment Health 2022 | vol. 9 | iss. 8 [e26615 | p.35
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

between the 2 conditions. If we are interested in studying
whether adolescents show appropriate and effective behavioral
responses when coming into contact with a friend with
depressive symptoms after participation in a mental health
literacy program, long-term follow-ups with larger samplesare
needed to allow for the occurrence of such an event. Moreover,
assessing reaching out for help next to assessing receiving help
would provide even more useful information.

Future Directions

On the basis of the results of this study, we have several
recommendations for future directions of the Moving Sories
program specifically and mental health literacy programs in
general. One recommendation is to compare the effects of a
mental health literacy program between younger and older
adolescents. The original idea of Moving Sories was to teach
adolescents first aid skills and help-seeking behavior before
most mental health problems occurred. However, it could be
that a mental health literacy program is more effective when
students have experienced mental health problems themselves
or intheir social environment, which is more likely when they
are older. Another recommendation is to tailor mental health
programs to the preferences of the users. This becomes amore
feasible option when digital tools are used and might improve
their effectiveness [87]. For example, for Moving Sories, we
could create amale or nonbinary version of Lisa and increase
the number of first aid and dialog options in the game. Then,
the game could be tailored to the preferences of auser but also
to their knowledge and experience level. Finaly, although many
programs, both for mental health literacy and stigma, include

Tuijnman et al

the presence of aperson with lived experience, the organization
of these sessions on a large scale has proven to be difficult.
Other options could beto include video material of peoplewith
lived experience while aschool mental health professional leads
adiscussion. An added benefit is that the students participating
in these discussion sessions are immediately in contact with
someone who can provide help if they need it.

Conclusions

The results of this clustered randomized controlled trial seem
to show that the Moving Stories program could be effective in
reducing persona stigma regarding depression in adol escents,
although the effects were small. Moreover, the program was
well-received and well-adhered to, something that can be
difficult to achieve with young adolescents. Inits current form,
the Moving Sories program had no effect on mental health
literacy components, perceived stigma, or social distance. Our
results suggest that a larger sample might be needed to show
the effects on a Dutch adol escent population. Nevertheless, the
stigma results and positive eval uations may be a good stepping
stone for further iterations of the program. Combining the
program with didactic elements from other programs and
scheduling regular follow-up conversations in the classroom
might improve theseresults. Moreover, tailoring the video game
to each individual player's preferences and skill level could
further increase its effects. With better results and after showing
itseffectivenessin studieswith larger sample sizes, the program
could be implemented in schools to improve help-seeking in
adolescents and reduce the negative consegquences and burden
of depressive symptoms.
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Abstract

Background: Smartphone self-monitoring of mood, symptoms, and contextual factors through ecol ogical momentary assessment
(EMA) provides insights into the daily lives of people undergoing psychiatric treatment. Therefore, EMA has the potentia to
improve their care. To integrate EMA into treatment, a clinical tool that helps clients and clinicians create personalized EMA
diaries and interpret the gathered data is needed.

Objective: This study aimed to develop a web-based application for personalized EMA in specialized psychiatric carein close
collaboration with all stakeholders (ie, clients, clinicians, researchers, and software devel opers).

Methods: The participants were 52 clients with mood, anxiety, and psychotic disorders and 45 clinicians (psychiatrists,
psychologists, and psychiatric nurses). We engaged them in interviews, focus groups, and usability sessions to determine the
requirements for an EMA web application and repeatedly obtained feedback on iteratively improved high-fidelity EMA web
application prototypes. We used human-centered design principles to determine important requirements for the web application
and designed high-fidelity prototypes that were continuously re-evaluated and adapted.

Results: The iterative development process resulted in Personalized Treatment by Real-time Assessment (PETRA), whichisa
scientifically grounded web application for the integration of personalized EMA in Dutch clinical care. PETRA includesadecision
aid to support clients and clinicians with constructing personalized EMA diaries, an EMA diary item repository, an SMS text
message-based diary delivery system, and a feedback module for visualizing the gathered EMA data. PETRA isintegrated into
electronic health record systemsto ensure ease of use and sustainableintegration in clinical care and adheresto privacy regulations.

Conclusions: PETRA was built to fulfill the needs of clients and clinicians for a user-friendly and personalized EMA tool
embedded in routine psychiatric care. PETRA isuniquein this codevel opment process, its extensive but user-friendly personalization
options, its integration into electronic health record systems, its transdiagnostic focus, and its strong scientific foundation in the
design of EMA diaries and feedback. The clinical effectiveness of integrating personalized diaries via PETRA into care requires
further research. As such, PETRA paves the way for a systematic investigation of the utility of personalized EMA for routine
mental health care.
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Introduction

Background

Ecological momentary assessment (EMA; also referred to as
the experience sampling method or ambulatory monitoring) [1],
isanincreasingly popular self-monitoring method to gain insight
into daily life experiences relevant to mental health problems.
With EMA, clientsmonitor their daily lifeasitislived viashort
guestionnaires (ie, diaries) on their smartphones. Several times
per day, they ratetheir experienced symptoms, affect, thoughts,
activities, and (social) contexts [2]. In research, EMA has
already been applied to improve our understanding of mental
disorders by examining how symptoms fluctuate in daily life,
in relation to stressful and rewarding events, and in a diverse
range of mental disorders [3-6]. Increasingly, researchers and
scientists are recognizing the potential of EMA as a tool for
improving mental health care [7-10]. Self-monitoring through
EMA and visuaizing the data in EMA feedback may offer
clients and clinicians relevant insights into the person-specific
mechanisms that contribute to clients’ mental health problems
[8].

EMA asa Self-monitoring Tool

In many medical disciplines, self-monitoring of, for example,
daily blood pressure or glucose levels, is already a common
practice and isinformative for diagnosis and treatment planning
[11,12]. Similarly, mental health trestment may benefit from
the self-monitoring of daily symptoms, (social) contextual
experiences, and treatment-related factors [13]. Indeed, for this
reason, many mental heath treatments such as cognitive
behavioral therapy already use someform of (paper-and-pencil)
self-monitoring [14], and routine outcome monitoring is well
established [15]. However, EMA isboth more detailed and more
frequent than existing monitoring methods. Typically, EMA
assesses momentary experiences (“right now, | feel cheerful”),
which can be rated on a visua analog scale ranging from 0O to
100 (“not at al” to “very much,” respectively). In mental health
care, momentary experiences can pertain to symptoms (eg,
sadness, restlessness, or hearing voices) or other factorsrelevant
to treatment (eg, harmful or helpful thoughts and behaviors).
The number of EMA assessments per day, aswell asthetiming
and duration of the assessments, depend on the goal of the EMA
diary and the experienced burden of completing the diaries.
Most EMA studies thus far have used 3 to 10 assessments per
day for 1 to 2 weeks[16,17], whereas some have monitored for
up to 4 months [18].

Clinical Promiseof EMA

Self-monitoring through EMA is suggested to improve clients
self-management by increasing their insights into their
well-being. By frequently reflecting on one’'s symptoms and
learning what types of activities or situations positively or
negatively influence well-being, clients may become more in

https://mental .jmir.org/2022/8/€36430

control [19]. As such, EMA self-monitoring may be an
intervention in itself. In addition, EMA data can be visualized
to enhance the understanding of clients' personal mechanisms
that contribute to mental health problems. Such EMA feedback
could be as simple as demonstrating variability in affect or
showing contexts in which clients have complaints. As EMA
is suggested to be unaffected by memory biases [20], such
feedback could provide amorereliable overview of how clients
fared between treatment sessions. This could improve shared
decision-making and the therapeutic aliance (ie, the
client-clinician relationship, involving an agreement on the
goalsand tasks of treatment, aswell astheir interpersonal bonds
[21]) [10,19]. Therefore, EMA feedback could form the basis
of amore collaborative approach to diagnosis and intervention,
where clients and therapists use EMA data to decide together
on the next treatment step.

Empirical Evidencefor Clinical Effectivenessof EMA

Thefirst empirical investigationsinto the clinical effectiveness
of EMA are promising. In qualitative research, clients and
clinicians describe the beneficial effects of EMA on client
self-management, therapeutic aliance, and treatment
effectiveness [22-25]. This is supported by a clinical trial
demonstrating that adding EMA monitoring and feedback to
antidepressant treatment was more effective in reducing
depressive symptoms than using antidepressant medication
alone [26], and it improved clients’ feelings of empowerment
[27], emation differentiation [28], and behavioral change[29].
However, 2 other clinical trialsdid not replicate these beneficia
effects in individuals with depression in routine care [30] and
individualsreporting aloss of interest and pleasure (anhedonia)
[31]. Thisdiscrepancy may be becausein clinical trialsthusfar,
EMA diaries have been standardized for al clients. This
insufficiently relates EM A feedback to clients’ treatment goals,
making the EMA less effective, and may increase the burden
for clients, who have to frequently answer questions that are
irrelevant to their current situation [32]. Therefore,
personalization of the EMA seemsto be a core requirement for
successful clinical implementation.

Developing Web-Based EM A Technology

Given that clients, clinicians, and researchers aign in their
positive evaluation of theclinical utility of EMA, thefield needs
aflexible, user-friendly, and evidence-based application for the
use of personalized EMA diaries in mental health care. More
specifically, this entails the development of a digital
infrastructure that enables clients and clinicians to intuitively
construct personalized EMA diaries, deliver them to clients
smartphones, and dynamically visualize the gathered EMA data.

In this paper, we describe the development of Personalized
Treatment by Real-time Assessment (PETRA), a web-based
application that enables the use of personalized EMA diaries
in Dutch mental health care. PETRA was built into electronic
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health record (EHR) systems to ensure sustainability and easy
access. The web application comprises a decision aid to help
clients and clinicians construct personalized EMA diaries, an
EMA diary item repository, a diary delivery system, and a
feedback module to visualize the gathered EMA data. PETRA
was developed in close collaboration with clientsand clinicians
as they will be the primary users. Involving them early in the
development processis crucial to ensure the uptake of PETRA.

Methods

Study Design

PETRA was developed using the road map of the Center for
eHealth Research (CeHRes) of the University of Twente, the
Netherlands [33]. The road map comprises 5 iterative phases.
Inthefirst 2 phases of the CeHRes road map (contextual inquiry
and vaue specification), we conducted focus groups and
interviewsto identify the needs and requirements of the rel evant
stakeholders, clients and clinicians, for a personalized diary
web application [34]. The next phase (design) comprised an
iterative design process in which prototypes were devel oped,

Boset d

evaluated, and adapted frequently based on feedback from
clientsand clinicians[35]. In this paper, we describe the results
of these 3 phases and the resulting PETRA web application.
Thefinal 2 phases of the CeHRes road map (operationalization
and summative evaluation) will involve implementing the web
application and evaluating its use in practice.

During each of these phases, stakeholderswere actively involved
to ensure their perspectives are integrated into PETRA. The
CeHRes road map follows human-centered design principles,
attempting to understand the needs of users and actively
involving them in designing sol utions to meet these needs[36].
Therefore, the PETRA project team was multidisciplinary and
comprised the core scientific team; a scientific programmer;
the RoQua devel opment team to ensure sustainable embedding
in existing mental health care software; a user experience (UX)
designer to integrate the needs of all stakeholders; and client
and clinician representatives engaged in interviews, focus
groups, and usability sessions. All team members critically
reviewed the prototypes, which were then continuously adapted
and re-evaluated (Figure 1).

Figurel. Overview of the developmental phasesof PETRA (Personalized Treatment by Real-time Assessment). EMA: ecological momentary assessment.

Phase 1 and 2: Identifying
requirements of clients and clinicians

Focus groups and
interviews

Developing lists
of requirements and of
relevant EMA constructs

Data saturation reached?

(4 %

No - Backto Yes - Move to
previous step Phase 3

Setting and Participants

The PETRA web application was developed from 2016 to 2022
at the Department of Psychiatry, University Medical Center
Groningen (the Netherlands), facilitated by iLab, acollaborative
initiative to implement scientific innovations into clinica
practice [37]. PETRA’s software was built into RoQua [38], a
nonprofit web-based questionnaire system for research and care.
RoQua is fully integrated into the EHR systems of several
mental health care facilities in the Netherlands, which are part
of the Rob Giel Research Center (RGOc) [39]. The facilities
participating in this collective mostly provide secondary or
tertiary (specialist) mental health care services to clients
presenting with a diverse range of mental disorders, such as
major depression, bipolar disorder, anxiety disorders, and
psychosis.
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Participant Recruitment

Participants comprised a convenience sample of clients and
clinicians recruited from RGOc facilities, who took part in
interviews, focus groups, and usability sessions. All clientswith
a (self-reported) history of mental health problems (regardless
of type) were eligible to participate in the study. Similarly, all
cliniciansworking in an RGOc facility wereeligible. Clinicians
could be psychiatrists, psychologists, or psychiatric nurses.
Participant characteristicsfor the first 2 phases can befound in
the studies by Bos et a [22,23] but were not systematically
collected in the design phase. The clients were informed of the
PETRA project by the RGOc coordinator of the client
representatives or their clinician. If interested, clients received
a flyer and, after providing consent, were invited for an
interview, focus group, or usability session. The clients were
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reimbursed for their time (€10 [US $10.18] per hour). Clinicians
wereinvited based on prior participationin ongoing diary studies
or their expressed interest in PETRA during (department)
presentations. Both clients and clinicians were invited to join
multiple onsto offer feedback on the adaptationsthat were
made.

Ethics Approval

The University Medical Center Groningen Medical Ethics
Committee exempted thisresearch from afull review (reference
number 201900401). Clients signed awritten informed consent
formto participate in the focus groups, interviews, and usability
sessions.

Phases1and 2: | dentifying the Requirementsof Clients
and Clinicians

Phases 1 and 2 aimed to identify perceived problems in the
status quo of mental health treatment, perceived advantages and
challenges of personalized electronic diaries, and core
requirements for the EMA web application to be devel oped.
In-depth quaitative interviews and focus groups were conducted
with 40 clientsand 27 clinicians between June 2016 and March
2018 on the perceived utility of EMA for psychiatric care and
perceived important requirementsfor aclinical EMA tool. Focus
groups with clients or clinicians were conducted in groups of
3to 7 participants until data saturation was reached (ie, no new
themes emerged). The focus groups and interviews were part
of 2 qualitative studies that broadly focused on identifying
applications of EMA in diverse clinica contexts and
implementation requirements. For more details, we refer the
reader to previous studies [22,23] (for interview guides, see
Table S1 in Multimedia Appendix 1). In this paper, we
specifically discuss the resulting recommendations for the
development of an EMA tool on which PETRA was based.
Furthermore, in this phase, we compiled a list of potentially
relevant constructs to assess personalized EMA diaries. On the
basisof previous EMA research and subsequent suggestions by
clientsand clinicians, each construct waslinked to related EMA
diary items (eg, “1 feel anxious’ for the construct “Anxiety”).

Phase 3: Development of PETRA Prototypes

Overview

On the basis of the recommendations in phases 1 and 2, we
designed prototypes for the web-based personalized EMA tool
PETRA. These were continuoudly tested and redesigned in
usability sessions with clients and clinicians held from May
2019 to August 2021. Owing to the COVID-19 pandemic, all
usability sessions after March 2020 were conducted via video
cals (for interview guides, see Table S1 in Multimedia
Appendix 1). At each session, the researcher FB and UX
designer TV were present. After each session, they wrote a
report with the main recommendations. The participants were
invited to provide feedback on this report.

Sessions With Clinicians

On the basis of phases 1 and 2, clinicians were considered the
primary users of the decision aid and feedback module: they
would need to integrate PETRA into their working routines and
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introduceit to clients. Therefore, most of the usability sessions
were held with clinicians. A total of 18 clinicians participated
in 21 of the 31 usability sessions (5/18, 28% were men).
Approximately 77% (24/31) of the sessions were held
individualy, and 23% (7/31) of the sessionstook placein groups
of 2to 3 clinicians. Most clinicians were psychol ogists (10/18,
56%), followed by psychiatrists (4/18, 22%) and psychiatric
nurses (4/18, 22%). Of the 18 clinicians, 7 (39%) participated
once, 8 (44%) participated twice, and 3 (17%) participated
thrice. During each session, clinicians were asked to describe
their thoughts and expectations regarding EMA and their
requirements for a diary web application. Subsequently, the
clinicianswerewalked through adigital prototype of the PETRA
web application. They were encouraged to describe what they
saw on the screen and provide their initial thoughts on each
page (the think-aloud method). When the clinicians offered
suggestions for improvement, follow-up questions were asked
until an in-depth understanding of the proposed adaptation was
reached. The clinicians were aso invited to explain how they
would use PETRA in treatment and to suggest new features or
feedback types.

Sessions With Clients

A total of 12 clients participated in =1 of the 4 usability sessions,
which were similar to those with the clinicians. Clients were
currently or had been previously in treatment for mood,
psychotic, or anxiety disorders (8/12, 67% were men). Of the
12 clients, 9 (75%) participated in 1 usability session, and 3
(25%) participated in 2 sessions. The sessions took place in
groupsof 3to 7 clients. One of the sessions specifically focused
on designing low-fidelity (paper-and-pencil) prototypes for
EMA diary feedback. The other usability sessions were used to
obtain feedback on the digital high-fidelity prototypes of the
PETRA web application. Feedback was sought on the workflow
and itsintended use in treatment.

Data Analysis

Theinterviews and focus groupswere transcribed and analyzed
thematically using the Qualitative Analysis Guide of Leuven
[40]. Briefly, this approach involves the identification of
important themes within qualitative data, which are then
iteratively verified against the transcripts. Further details are
provided el sewhere[22,23]. Theresulting themesregarding the
requirements of aclinical EMA tool are described in the Results
section.

After each usability session, wireframes were created with the
proposed changes to the PETRA web application (see Figures
2-4 for example wireframes or adide-by-dlide overview onthe
PETRA website[41]). A wireframeisablueprint that explicates
the flow throughout the web application. Intotal, 9 low-fidelity
wireframes of the overarching structure and workflow of
PETRA were designed, each version improving upon the
previous one. The final ninth wireframe was used for the next
stage, which focused on determining the types of content,
visuals, and graphs depicted on the screens. This stage
comprised 15 high-fidelity wireframes, which were again
improved iteratively.
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Figure 2. The first wireframe that was designed of the first page of the decision aid, on which participants select the goal of the EMA diary. The
usability sessions indicated a need for an introduction and a more detailed progress menu. More detailed wireframes can be found here [41]. EMA:
ecological momentary assessment.

X | |

Which protocol do you want to follow?

Selected goal

Diagnostics: general X

Dlscover associations between complaints

What do you specifically want to investigate?

This is goal #1

This is goal #2

This is goal #3

This is goal #4

Next step

Figure 3. The ninth wireframe that was designed of the first page of the decision aid, on which participants select the goa of the EMA diary. As
suggested in usability sessions, it incorporates an introduction and a more detailed progress menu. More detailed wireframes can be found here [41].
EMA: ecological momentary assessment.

Welcome to PETRA Progress diary
Easily compile your own diary here
and and type of diary -

PETRA helps you to compile your own diary. You start by selecting a goal: what should the diary
Selected goal

help you with? Next, you chaose the diary topics and questions, Finally, you decide when and
how often the diary should be completed. On the right side of the screen, you can view your Discover associations between behavior and complaints
progress and your decisions. Make a decision

What is the goal of the diary?

2 Topics and questions +

Discover associations between behavior and complaints x
This goal can ba d at random or at fixad

3 Configure and finalize diary +

Further specify the goal

What is the impact of lifestyle on my complaints?
This goal can be d at random or at fixed

How do my complaints relate to each other?
This goal can be d at random or at fixed

What triggers my complaints?

This goal can be d at random or at fixed

What is the impact of sleep on my wellbeing?
This goal is assessed once per day at a fixed moment

make a decision first
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Figure4. Thefina (visual) design of thefirst page of the decision aid, on which participants select the goal of the EMA diary. More detailed wireframes
can be found here [41]. EMA: ecological momentary assessment.

Results
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Welcome to PETRA

Easily compile your own diary here
Determine the goal and focus of the diary.
PETRA will suggest relevant diary questions. Please adapt as you see fit

On the right you can view your progress with compiling the diary.

What is the goal of the diary? question 1/ 4

Discover what influences my complaints )
This goal can be assessed at random momants or at fixed moments

Further specify the goal question 2/ 4

What is the impact of lifestyle and sleep on my complaints?
This goal can be assessed at random moments or at fixed moments

What triggers my complaints?
This goal can be assessed al random moments or af fixed momenis

What helps me cope with my complaints?

This goal can be assessed at random moments or af fixed moments

What is the impact of my thoughts?
This goal can be assessed at random momaents or ar fixed moments

How do my physical and psychological complaints relate to
each other?

This goal can be assessed at random moments or at fixed moments

Chc-ése questions

Compile a diary in 3 steps

1. Select a goal ~

Discover what influences my complaints

2. Select diary topics and questions

3. Configure and finalize diary

perceived advantages and challenges of personalized electronic

Phases 1 and 2: Core Requirements of PETRA

Overview

The first 2 phases of the CeHRes road map resulted in an
in-depth overview of clients' and clinicians' perceptions of
perceived problemsin the status quo of mental health treatment,

diaries, and core requirements for the EMA web application to
be developed (Table 1). The core requirements were (1)
extensive possibilities for personalization, (2) resource

efficiency, (3) scientifically grounded and provided by atrusted
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source, and (4) meeting the demands regarding privacy and safe
data storage. Relevant quotes can be found in Table S2 in
Multimedia Appendix 1.
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Table 1. Resultsof phases 1 and 2 of the Center for eHealth Research road map in the devel opment of the PETRA (Personalized Treatment by Real-time

Assessment) application.

Theme Description

Problems clients and cliniciansidentified in the status quo of mental health treatment

Reliability or efficiency
of current monitoring ~ »
instruments .

throughout the day

Often paper-and-pencil based and deemed less reliable and efficient
Often focus too much on symptoms and fail to take important contextual factors and strengths into account
Usually only administered 1 to 2 times per month; missing relevant information about clients’ daily lives

«  Usualy not person-specific enough to be directly relevant to clients

Insights

bias)

Therapeutic aliance

Per ceived advantages of personalized electronic diaries
Reliability or efficiency
forgotten or ignored

Insight .
client self-management

Limited insight into overall progress and treatment outcomes

Limited insight into the effects of treatment or lifestyle adaptations

Limited insight into the frequency and severity of symptoms and when they occur

Limited insight into triggers and relapse signals

Recall of well-being in between sessionsisbiased by current mood or otherwise difficult torecall for clients (recall

Knowledge imbalance between client and clinician, weakening the therapeutic alliance

Current monitoring instruments are often not discussed in treatment, weakening the therapeutic alliance
Limited contact between client and clinician in between sessions

Client does not believe in the current treatment approach as the effects are not clearly visible

More reliable and efficient as assessments take place multiple times per day via smartphone and are less easily

Offersinsightsinto progress, treatment effects, and the flow of symptoms throughout daily life, thereby increasing

. Offersinsightsinto contextual factors and personal strengths

Therapeutic alliance .

Client and clinicians share the same information and can, therefore, collaborate more easily

« Relevant diary feedback can more easily be integrated in treatment, strengthening the therapeutic alliance and

clients' trust in their clinician

Perceived challengesin constructing personalized electronic diaries

Diary construction .

What kind of clinical questions can be answered with electronic diaries?

«  How to formulate or select relevant and valid diary items?
«  How to determine the number of assessments per day, balancing client burden and the number needed to answer

aclinical question?

«  How to determine the necessary diary schedule (eg, time-contingent or event-contingent) for a clinical question?
«  How to make sure the diary maximizes its advantages and minimizes disadvantages?

Diary feedback .

How to automatically analyze and visualizethe diary datawithout the need for statistical knowledge of the clinician?

« How tointerpret the diary feedback in aclinical context?

Personalization

All clients and clinicians stressed the necessity for extensive
personalization of the diary content, schedule, and duration.
They suggested that clients and clinicians should be able to
compile different EMA items based on the clients’' current care
needsin aflexible manner. Thismeansthat EMA diaries should
be transdiagnostic and adaptable in diverse stages of treatment.
The aternative, where diaries are constructed based on client
diagnosis, was viewed as limiting, more burdensome, and not
inline with the real-world situation where many clients present
with symptoms of multiple diagnoses. Furthermore, EMA diaries
should not only focus on symptoms but also on personal
strengths and (social) contextua factors. This need for
personalization has also been highlighted in research on
monitoring in general [32,42,43].

https://mental .jmir.org/2022/8/€36430

Resource Efficiency

Both clients and clinicians emphasized that the use of EMA in
treatment should be easy, time efficient, and fit with the existing
workflow of clinicians. This means that constructing
persondized EMA diaries and interpreting the resulting feedback
should be intuitive and cost clients and clinicians limited time,
effort, and resources. This corresponds with research
demonstrating that eHealth is most useful if it matches client
and clinician expectations[44]. Thus, the web application should
be largely automated and integrated into existing digital
infrastructures used in mental health care, preferably the
clinician’s EHR system.

Scientific Background

Clients and clinicians indicated that they found it difficult to
assess the effectiveness of eHealth applications, which
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correspondsto eHealth research [45,46]. Therefore, they stressed
the need for aweb application that is scientifically grounded so
that the resulting diary and feedback are valid, trustworthy, and
according to scientific standards for EMA [16]. Furthermore,
ascliniciansare not primarily trained in the innovative methods
and statistics necessary for constructing and analyzing diary
data, they indicated that the web application should help them
with constructing diaries and interpreting feedback.

Privacy

Thefina corerequirement clientsand clinicians mentioned was
that the gathered diary data should be safely stored, protecting
the privacy of clients, according to data protection laws (eg, the
General Data Protection Regulation [GDPR] law of the
European Union). Given thefar-reaching personalization of the
diaries, the data should be treated accordingly.

Phase 3: Design of PETRA

Overview

The core requirements for a web application for personalized
EMA diariesweretranslated into the current design of PETRA.

Figure5. Overview of PETRA.
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PETRA was developed as a web-based application, built into
EHR systems via RoQua. As per the suggestion of clinicians,
this means that clients and clinicians do not need additional
log-in data, and clients do not need to install an app on their
phones, allowing easy access for both. PETRA was devel oped
for adult clients diagnosed with mood, anxiety, or psychotic
disordersreceiving treatment in specialized mental health care.
Proficiency in the Dutch language and client possession of a
smartphone with internet access are required to use PETRA.

PETRA comprises four main parts: (1) a decision aid, (2) an
item repository of diary items, (3) an SM S text message—based
diary delivery system, and (4) afeedback module. An overview
of the various parts of PETRA is shown in Figure 5. Each part
wasiteratively evaluated and adapted based on the feedback of
clients and clinicians, who mostly agreed on the design of
PETRA's features. PETRA was designed to be used
collaboratively: clients and clinicians together decide on the
goal, content, and schedule of the EMA diary and interpret the
feedback together. Clients have access to the decision aid and
feedback modulesviatheir clinician. PETRA'sstepsare outlined
in more detail in the following sections.

:: Themes and

Decision aid,
including the item repository in step 2

Decision Aid

A decision aid was developed to assist clients and cliniciansin
constructing personalized EMA diaries. This decision aid is
intended to be used collaboratively by clients and clinicians.
Thefollowing specifications can be personalized viathe decision
aid: (1) the content (or diary items), (2) the number of
assessments per day, (3) the diary schedule (timing of the
assessments), and (4) thelength of the EMA monitoring period.
These specifications depend on the intended goal of the diary,
anticipated burden for the client, and the client’s main symptom
profile.

PETRA's decision aid was developed based on the results of
phases 1 and 2 and guidelines for designing EMA studies
[16,47]. First, we developed a list of clinical goals for which
personalized EMA may be insightful. Such goals include, for
example, gaining insights into the effects of lifestyle on
well-being or monitoring the effects of medication. Each goal

https://mental .jmir.org/2022/8/€36430
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Feedback
module

Diary delivery
system

islinked to potentially relevant EM A items, apreferred number
of assessments, apreferred diary schedule, and apreferred diary
period (Tables S3-S5in Multimedia Appendix 1). Thismatching
process was based on clinical EMA research demonstrating the
requirements for different types of research questions. For
example, if gaining insightsinto contextual factorsisthe primary
goal, the best practice in EMA research is to opt for a
semirandom diary schedule, in which the assessments are
randomly generated within multiple predefined time blocks.
Thisisgenerally considered the most ecologically valid way of
gaining an overview of someone’s activities and events during
the day [48].

In additionto the goal, clientsand clinicians select the symptom
profile they wish to focus on. We developed alist of prevalent
symptom profiles in specialist mental health care (eg,
depression, anxiety, and psychosis). Each symptom profile was
linked to potentially relevant EMA items. For example, relevant
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constructs for clients in depression treatment could be mood,
anhedonia, worry, self-esteem, and resilience.

The decision aid first prompts clients and clinicians to decide
on the clinical goa, symptom profile, and preferred diary
schedule (see Figure 5 or the PETRA website for avideo [49]).
In the next 2 steps, based on these decisions, PETRA
automatically preselects the relevant EMA items and proposes
adiary schedule. This preselection can be adjusted according
to personal preferenceswhile remaining within valid boundaries
(eg, if the goal is to assess the relationship between activities
and symptoms, only a semirandom schedule of at least five
assessments per day can be selected [48]). Clientsand clinicians
can deselect irrelevant items or select additional items. The
PETRA decision aid further includes apreview function, which
visualizes the diary as the patient views it on their phone, and
a burden indicator, which is a gradient bar that changes color
according to the number of items in the diary to remind clients
and clinicians to discuss the burden when constructing diaries
(S6 and S7 in Multimedia Appendix 1 [16,17,47,50,51]).
Although research currently offers no clear-cut guidelines on
the diary length and associated burden [17,50], a study
demonstrated that 60 items per diary were perceived as more
burdensome than 30 [51], and another study showed that EMA
studies, on average, comprised 30 items [16]. It is likely that
the number of items and associated burden differs between, as
well aswithin, individual s and across popul ations and treatment
stages. Therefore, the burden indicator was based on our
experiencein designing EMA studies and will be updated based
on the UXs and emerging research.

EMA Item Repository

The EMA item repository was developed as clients and
cliniciansindicated apreferencefor amenu in which they could
select clinically relevant constructs (eg, mood or hearing voi ces)
that automatically tieinto preworded items. Although the EMA
fieldisyet to establish thevalidity of EMA items, best practices
have been developed in EMA research on the wording of EMA
items [16,47,50]. The PETRA items were developed based on
these best practices.

The EMA item repository was devel oped by the scientific team
based on extensive experience with the items used in EMA
studies and subsequent evaluations and suggestions by clients
and clinicians. First, we determined potentially relevant
constructs to be assessed; that is, constructs pertaining to
symptoms, strengths, and contextual factors. For each construct,
we formulated 4 to 10 diary items.

This resulted in four item sets based on the EMA assessment
schedule: (1) at semirandom moments (128 items), (2) at fixed
moments (126 items), (3) once daily in the evening (62 items),
and (4) oncedaily inthemorning (18 items). EM A assessments
can occur either at fixed time points (eg, at noon) or at random
points in predefined intervals (eg, somewhere between 10:30
AM and noon), termed fixed or semirandom EMA designs,
respectively. Fixed designs are believed to be less burdensome
for clients, whereas semirandom designs supposedly provide a
more representative overview of daily experiences [2,48]. The
item sets were developed as experiences can be expected to
operate on different timescales and, therefore, require different
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wording. For example, mood usually fluctuates throughout the
day and requires multiple assessments for valid estimation.
However, excessive buying, a symptom of mania, may only
vary from day to day and can be sufficiently assessed only in
the evening. Most items are answered on 0 to 100 visual analog
scales (ranging from “not at all” to “very much”), some via
selecting categorical multiple-choice checkboxes (eg, indicating
activities, coping strategies, or locations), and some viaentering
text (eg, descriptions of events). The full lists of EMA items
are available in item S9 in Multimedia Appendix 1
[16-18,22,23,26,37,42,47,50-72] (Bos, F, unpublished data,
May 2022; Jenner, JGL, unpublished data, October 2006;
Bringmann, L, unpublished data, January 2021). In addition to
theitem sets, clientsand clinicians can also formulate alimited
number of person-specific items.

Semirandom and fixed diary schedules are mutually exclusive.
Once-daily items are often an informative addition to these more
frequent assessment schedules. Therefore, in the decision aid,
the constructs of the once-per-day schedules are integrated
within the construct structure of the semirandom and fixed
schedules. This ensures that clients and clinicians can select
items based on the construct. For example, the construct
(hypo)mania provides items assessed in the moment
(semirandom or fixed), as well as morning and evening items.
Although the EMA items are grouped into constructs in the
decision aid, they are reordered in the actual diary to balance
positive and negative items and ensure that more fleeting
momentary emotions are assessed before contextual experiences
[16,50].

EMA Dédlivery System

Once clients and clinicians have constructed the EMA diary,
clients receive SMS text messages on their personal
smartphones. The messages are sent according to the chosen
diary schedules and contain a link to the EMA diary items,
which are presented and filled in viathe browser. Clientsreceive
remindersif the diary has not been completed within 20 minutes,
and thelink is disabled after 30 minutes (semirandom and fixed
schedules) or 3 hours (once-daily schedules).

Feedback Module

The gathered EMA data for each client are visualized in the
PETRA feedback module, which clientsand their clinicianscan
discuss during a regular treatment session (see Figures 6-8 or
the PETRA website for avideo [49]). This module is grouped
around three themes identified by clients and clinicians as
relevant to psychiatric treatment: the fluctuations and changes
in symptoms and strengths over time, associations between
(social) contexts and symptoms and strengths, and the impact
of pleasant and unpleasant events (see item S8 in Multimedia
Appendix 1 for moredetails). The early versions of the feedback
module were based on the feedback module developed in the
Therap-i trial [52]. The PETRA feedback moduleisupdated in
real time and offers dynamic feedback options, and each graph
can be adapted and can display any of the assessed EMA items.

Clientsand cliniciansindicated that the understanding of EMA
data is greatly facilitated by qualitative descriptions of the
context provided by clients. Therefore, clients are actively
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encouraged to provide such descriptions. In the feedback
modul e, these qualitative evaluations can be linked to high and
low scores to provide contextual information on moments the
client experiences high or low symptoms. Furthermore, all
entered text is summarized in word clouds to intuitively
summarize the main themes that emerged from the qualitative
data and provide context for when these themes emerged. The
PETRA feedback is descriptive as statistical analysis of diary
data was considered too complex, unclear, and vulnerable to

Boset d

misinterpretation [73,74]. However, the modular structure of
the feedback module ensures that novel feedback can be easily
added in later stages. For example, if empirical evidence shows
that certain patterns in EMA data can be linked to treatment
response or outcome, PETRA can offer thisinformation directly
initsfeedback module[75-77]. Finally, the module has areport
function, which enables usersto save graphs and comments (eg,
therapy notes) for later use.

Figure 6. An interactive graph on the variation in mood and symptoms in the feedback module. All continuous ecological momentary assessment
(EMA) diary items can be selected from the menu on the right side of the screen. Clicking on any of the assessment points will activate asliding pane

depicted in Figure 7. For avideo, see here [49].
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Figure 7. Sliding panel in the feedback module that provides relevant contextual information for a specific moment in the time series and surrounding

moments. Moments are selected by clicking on assessment points in the graph depicted in Figure 6. For avideo, see here [49].

Context on the diaries ®

Here, you can see all free text that has been entered with every diary.
You can select period or search by keyword.

Period Keyword
@, tot El

tuesday 20-07-2021 - 23:22
cheerful 51/100  social media alone home

Had a nice dinner, got late night call about work

tuesday 20-11-2021 - 19:55
cheerful 58/100 household chores, groceries, admin alone

Sold a chair, waiting for someone to finish a task (annoying)

tuesday 20-11-2021 - 18:14
cheerful 59/100 household chores, groceries, admin alone

Really busy with work

tuesday 20-11-2021 - 16:54
cheerful 58/100  talking to someone friends  cCafellibraryfpark

Had a nice chat with PT, stubbed my toe

tuesday 20-11-2021 - 13:15
cheerful 78/100  working/studying alone  home

Took a nice walk with coffee to go, nothing

tuesday 20-11-2021 - 12:45
cheerful 40/100  working/studying alone home

Received a nice e-mail, feeling super busy

Figure 8. A word cloud of all freely entered text in the feedback module. Clicking on aword provides more context on when this word was used. For

avideo, see here [49].
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Discussion

Principal Findings
In this paper, we outline the development of PETRA, a
web-based application for personalized EMA in Dutch
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RenderX

psychiatric care. Interviews, focus groups, and usability sessions
with clients and clinicians demonstrated that they expected an
added value of integrating personalized EMA into treatment.
Crucia requirements entailed a personalized and user-friendly
diary tool built on scientific foundations, which adheres to
privacy regulations. The subsequent thorough cocreation design

JMIR Ment Health 2022 | vol. 9 | iss. 8 [e36430 | p.52
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

process ensured that PETRA was considered intuitive,
user-friendly, and useful for clients and clinicians.

By involving clients and clinicians from the start of the
development, PETRA can be considered a significant
advancement of current EMA (web-based) applicationsthat are
mostly targeted at researchers. By systematically integrating
the perspectives of clients and clinicians with those of
researchers and software developers, the PETRA web
application has promise as atool for assisting both clients and
clinicians in the personalized treatment of mental health
problems.

Limitations

Inthisproject, we attempted to include adiverse group of clients
and clinicians with differing levels of interest in using
personalized EMA for treatment. However, thiswasarel atively
small sample, and participants were selected based on their
interest in EMA. Therefore, it cannot be ruled out that we
overestimated the eventual uptakein clinical practice. ASEMA
requires significant time and resources from both clients and
clinicians, it may not appeal to everyone [78,79], which was
also highlighted in the focus groups and interviews. However,
research indicates that EMA isfeasible for diverse psychiatric
populations [47,80,81], including individuals diagnosed with
depression [26,27,82], bipolar disorder [83,84], anxiety [85],
and psychotic [53,86,87] disorders, from youth [88,89] to older
adult populations [90]. Feasibility will likely not depend on
diagnosis but rather on the intrinsic motivation of clients,
symptom severity, and stage of care [22,23].

Furthermore, there are some limitationsthat pertain specifically
to the PETRA tool. First, PETRA is only accessible to clients
viatheir clinicians via their EHRs. This can be a psychiatrist,
psychologist, or psychiatric nurse affiliated with a RoQuamental
health care facility. We are currently developing client access
to PETRA directly via their personal health record system to
enable clients to interpret feedback independently of their
clinician. Thisisin line with clients' desire to have access to
their own data [23]. Second, proficiency in the Dutch language
and client possession of a smartphone with internet access are
required to use PETRA. Thisimplies that PETRA is currently
unavailable in other languages.

Comparisons With Prior Studies

Thus far, EMA software development has mainly focused on
researchers [91-94], who have different needs from clients and
clinicians. However, there are three known EMA platforms for
clinical purposes: MindLogger [94], m-Path [95], and PsyMate
[96,97]. MindLogger does not solely focus on EMA but aso
on other self-monitoring techniques and mobile interventions.
As m-Path and PsyMate are most similar to PETRA, we will
briefly review them here. Both platforms offer a web
environment for clinicians and clients and a smartphone app
that delivers EMA diaries to clients. PsyMate provides a
standardized EMA diary: a set list of EMA items (which may
differ dightly according to the target group) and 10 assessments
per day on a semirandom schedule. m-Path is an open-source
platform that targets both researchers and clinicians. It offers
full freedom with creating adiary but no decision aid, requiring
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knowledge of constructing EMA diaries. Similar to PETRA,
PsyMate and m-Path were developed based on best practices
for EMA and GDPR compliance. Their smartphone appsenable
client access to EMA data, which PETRA is till developing.
PETRA differs in that it was codeveloped with clients and
clinicians from the beginning, balancing personalization with
user-friendly diary construction and feedback. Furthermore, the
PETRA decision aid and feedback module were specifically
developed for use as shared decision-making tools, integrating
EMA with contextual information. Finally, its integration into
EHR systemsviaRoQua[38] ensuresthat PETRA issustainably
embedded in clinical practice. As such, each platform has a
different focus, and its concurrent development can advance
our understanding of how to optimally implement EMA in
clinical practice.

Qualitative work demonstrates that clients and clinicians
consider personalized EMA a useful add-on tool for diagnosis
and treatment [22-24,78,98]. Similarly, self-monitoring of
symptoms is considered safe and acceptable in diverse
psychiatric populations [32,99,100]. Our results suggest the
need for a collaborative approach to integrating personalized
diariesin care, where clients and clinicians decide together on
the focus of the EMA and the interpretation of feedback [22].
This corresponds to research demonstrating the importance of
shared decision-making for psychiatric outcomes[10,101-103].
Throughout the development process, we realized the
importance of tailoring PETRA's EMA diaries and feedback
to diverse clinical settings and client populations. However,
much is unknown regarding the optimal type and timing of
EMA feedback and how this potentially varies across diagnoses
and treatment strategies. This means that PETRA will need to
be continuously re-evaluated and adapted based on the diverse
needs of clientsand cliniciansin psychiatric care. Thisiterative
process has also been highlighted in other recent publications
on the co-design of self-monitoring technology with users
[42,97,104].

Ethical Consider ations

Several ethical considerations arise when developing tools for
highly personalized self-monitoring. First, the (sometimes
qualitative) data are sensitive, and the privacy of the client
should be well protected [105]. For PETRA, software and data
transmission security are guaranteed by RoQua[38] and arein
compliance with the GDPR. Second, clients may expect that
the self-monitoring application aerts them or their clinician in
the case of elevated EMA scores, which PETRA currently does
not provide. Research indicates that this feature is desired by
clients [23]; however, scientific evidence is lacking on how to
provide EMA-based aerts with adequate sensitivity and
specificity. Therefore, it isimportant to manage the expectations
of clientsand cliniciansthrough training. Third, self-monitoring
can be burdensome: clients can feel disturbed in daily activities
or even experience symptom worsening [22,106]. Clients and
clinicians will have to decide together whether the benefits of
EMA outweigh this burden. The PETRA application helps
clients and clinicians with this decision by providing a burden
indicator, which helps them make informed decisions on the
number of items. Similarly, the burden may be reduced by
placing equa emphasis on symptoms and strengths in
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personalized diaries, in linewith other studies on self-monitoring
technology [104,107].

Finally, research suggests that clinician training and support
via a helpdesk are important requirements for the
implementation of EMA in clinical settings [25,97]. The
cliniciansin this study also expressed these needs. Training is
important to minimize potential health risksand help clinicians
construct valid diaries, accurately interpret EM A feedback, and
integrate EMA into treatment. Therefore, inthe PETRA project,
clinicians receive training on the valid use of EMA and the
integration of PETRA in treatment, and they have accessto a
helpdesk. Clinicians are made aware that the feedback should
betreated asan additional perspectivethat isequally (not more)
valuable compared with the perspectives of clientsand clinicians
themselves. Furthermore, short instructive videos are included
in PETRA’s various steps, explaining (1) how the decision aid
works, (2) what clients should know when completing a diary,
and (3) how to interpret the feedback [49].

Directions for Future Research

Although self-monitoring is already a prominent feature in
several treatment modalities and protocols [14,108], an
important next step isto determine the clinical effectiveness of
adding personalized EMA to the treatment. This is especialy
relevant as only standardized diaries have been investigated in
randomized controlled trials [26,27,29-31]. Extensive
personalization options are clearly desired in clinical practice
but may mean that effective components may differ across
clients, which may complicate research into the effectiveness
of personalized EMA [105]. Furthermore, future trials should
not only solely focus on symptom improvement but also on
more proximate outcomes relevant to the mechanisms of EMA,
such as self-management and the therapeutic aliance [52].
Finally, future research will have to investigate the clinical
populations and treatment settingsfor which personalized EMA
can be effective. PETRA enables research on these questions.
Within the PETRA project, the effectiveness of personalized
EMA istested both qualitatively and quantitatively. PETRA is
currently being tested in pil ot sessionswith clientsand clinicians
and is continuously updated. Analytics are collected to assess
which features of PETRA are used and how, when, and by
whom. Furthermore, clientsand cliniciansareinvited to fill out
guestionnaires on their positive and negative experiences with
PETRA, aswell astheir effects on self-management [109,110]
and thetherapeutic alliance[111]. Thiswill allow usto examine
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how personalized EMA influences psychiatric care and to
improve PETRA accordingly. These steps can help to set
personalized EMA, such as PETRA, as an eHealth technology
apart from the myriad of appsavailableto clientsand clinicians,
who will be more inclined to use EMA if it is supported by
scientific evidence [112].

The second step concerns further scientific validation of the
EMA items[113,114] and the development of moreinnovative
EMA feedback. Such endeavors should explore more descriptive
visualizations [115] and further develop statistical methods to
analyze EMA data. Previous publications on EMA have often
highlighted the potential of person-specific statistical models
for informing treatment. These models include, for example,
network analysisto demonstrate associ ations between symptoms
[54,116,117], early warning signalsto aert clientsto impending
relapse[118,119], and machinelearning to differentiate between
diagnoses[120]. However, since then, several publications have
shown that the outcomes of these models depend on
methodological and statistical choices[73] and that researchers
disagree on their implications for treatment [74]. Therefore,
PETRA focuses on descriptive feedback, with alarge role for
qualitative descriptions until more consensus on statistical
models has been reached.

Conclusions

PETRA was developed to meet the demands of clients and
clinicians for a personalized and user-friendly EMA tool
embedded in routine psychiatric care. By collaboratively
constructing EMA diariesand interpreting the resulting dynamic
feedback, PETRA offers clients and clinicians a new tool to
illuminate daily life processes that worsen or alleviate mental
health problems. This approach may have beneficial effects on
client self-management and the therapeutic aliance and, thus,
has the potential to significantly improve clinical care. Our
findings demonstrate the importance of a multidisciplinary
approach to the development of personalized EMA tools,
including clients, clinicians, researchers, and software
developers, to ensure that their needs are sufficiently addressed
inthedesign of thetool. PETRA isuniquein its codevel opment
process, extensive but user-friendly personalization options,
integration into EHR systems, transdiagnostic focus, and strong
scientific foundation in the design of EMA diaries and feedback.
As such, PETRA paves the way for a systematic investigation
of the effect of personalized EMA on specialized mental health
care.
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