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Abstract

Background: Inan electronic health context, combining traditional structured clinical assessment methods and routine el ectronic
health—based data capture may be a reliable method to build a dynamic clinical decision-support system (CDSS) for suicide
prevention.

Objective: Theaim of thisstudy wasto describe the data mining module of aWeb-based CDSS and to identify suicide repetition
risk in a sample of suicide attempters.

Methods: We analyzed a database of 2802 suicide attempters. Clustering methods were used to identify groups of similar
patients, and regression trees were applied to estimate the number of suicide attempts among these patients.

Results:. We identified 3 groups of patients using clustering methods. In addition, relevant risk factors explaining the number
of suicide attempts were highlighted by regression trees.

Conclusions: Data mining techniques can help to identify different groups of patients at risk of suicide reattempt. The findings
of this study can be combined with Web-based and smartphone-based data to improve dynamic decision making for clinicians.
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Introduction

Suicide Risk Assessment

Over 800,000 people die of suicide every year, and it is
estimated that for each suicide, there may have been >20 other
attempted suicides. A previous attempt is the major predictor
of death by suicide [1]. However, many other outcomes
associated with suicidal behaviors should be considered in the
preventive and therapeutic decision-making processfor effective
prevention[2]. Thus, clinical [3], environmental [4], and genetic
[2] suicide risk factors have been intensively studied among
suicide attempters. Indeed, attempters provide data to identify
suicide-related risk factors, and such at-risk patients are a
privileged target for proper prevention and intervention
strategies (eg, by mitigating risk factors or by maintaining
contact with clinical support) [5]. Empirically informed suicide
risk assessment frameworks are useful in guiding the evaluation
and treatment of individual s presenting with suicidal symptoms.
Actual guidelines recommend the systematic identification of
risk factors based on risk assessment scales [6]. Nevertheless,
the limits of actual risk assessment procedures may be afalse
reassurancefor clinicians, and the conflation of risk assessment
and risk prediction may be confusing to clinicians[7]. Therefore,
thereisan urgent need for an innovative tool that could integrate
both empirical and structured assessment to support decision
making in suicide prevention.

Clinical Decision-Support Systems

Decision-support tools help providersin their decision-making
process. The use of these tools has been on the rise in recent
years owing to their ability to bring evidence-based medicine
tothe point of care. A clinical decision-support system (CDSS)
isahealth information system that is integrated into electronic
health records (EHR), enabling easy and effective use by
physicians[8]. The CDSS incorporatesindividual patient data,
a rule engine, and a medical knowledge base to produce a
pati ent-specific assessment or recommendation of amanagement
plan [9]. The CDSS usually relies on the processing of clinical
data gathered into EHRs. However, these techniques have been
poorly explored in mental health and the suicide-prevention
setting [10].

Thus, there is still an important need to develop a CDSS that
supports clinician decision makersto choose, for example, the
most appropriate treatment, the nature of apsychosocia strategy,
or the duration of treatment in suicide prevention strategies. A
key feature of such a CDSS is to identify a patient’s risk in
terms of arepeated attempt, the number of reattempts, or suicide
death within aperiod of time. The development of both passive
and active collection of patients' data provides the opportunity
to improve clinician knowledge and thus determinerisk factors
and relevant combinations of risk factors[11].

https://mental .jmir.org/2019/5/€9766/

Aims

This study aimsto combine datafrom EHRsto provide support
to decision making for clinicians in suicide prevention. We
present the main results of a data mining process on a sample
of suicide attemptersto first identify groups of similar patients
and then identify risk factors associated with the number of
suicide attempts. We hypothesize that a data mining process
helpsto better characterize the popul ation of suicide attempters
by identifying the most relevant groups of patients and their
associated risk factors for suicide reattempt (or other variables
of interest). The ultimate goal isto build a CDSS for clinician
decision support and propose a personalized prevention and
intervention strategy to each patient.

Methods

Patient Recruitment

Suicide attempters aged >18 years were recruited from
consecutive admissions to the Emergency Department or
specialized Acute Care Unit of three university hospitals
(University Hospital Ramony Cajal, Madrid, Spain; Fundacién
Jimenez Diaz, Madrid, Spain; and Academic Hospital of
Montpellier, Montpellier, France) between 1994 and 2006.
Owing to their specific characteristics [12,13], major suicide
repeaters were excluded. One of the hospitals is part of the
Spanish National Health System and the other, the French
National Health System; both hospitals provide medical
coverage for al emergencies in a catchment area covering a
population of around 500,000 peoplein Madrid and 400,000 in
Montpellier. After providing acompl ete description of the study
to participants, written informed consent was obtained. Trained
psychiatrists or psychologists interviewed all patients before
discharge. The study was approved by the local research ethics
committees in Madrid and Montpellier (CPP Montpellier
Sud-Méditerranée 1V, CHU Montpellier). Theresearch followed
the Code of Ethics of the World Medica Association
(Declaration of Helsinki). Protocols and assessment procedures
in both centers are based on the Columbia Suicide History Form
[14].

Procedure and Clinical Assessment

The French or Spanish version of the Mini-International
Neuropsychiatric Interview (MINI) [15] was used to obtain
Axis | Diagnostic and Statistical Manual of Mental Disorders
- 4th edition diagnoses. Psychiatric diagnoses were classified
in the following categories: mood disorder (specifying
depression or bipolar disorder), anxiety disorders,
obsessive-compulsive disorder, alcohol or drug misuse,
psychotic disorders, eating disorders, somatoform disorders,
and adjustment disorders. Thelifetime diagnosiswas determined
using a best-estimate procedure. The psychiatrist in charge of
the patient's care assigned the diagnosis based on MINI
interviews, medical records, and information from relatives,
when available.
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Suicide risk was assessed using the Suicide Intent Scale [16],
a semistructured 15-item rating scale yielding a global score
that indicates the severity of suicidal intent. The Risk-Rescue
Rating Scale [17] is a 10-item interviewer-administered scale
designed to assess the lethality and intent of a suicide attempt,
measuring the life risk derived from it, and the likelihood of a
rescue intervention at the time of the attempt.

Statistical M ethods

A robust data-qualification process was performed to ensure
dataquality and consistency before statistical analyses. Although
datawereintended to be collected according to the same clinical
procedures, quality variations were expected between the
hospitals. Missing data were identified, and a variable was
retained only when the completion rate reached 70%. When
needed, new variables were created. For instance, 34 answers
of the Barratt Impulsiveness Scale survey, version 10 (B1S10),
weretreated to build 3 scores of impulsivenessin terms of motor
impulsivity, attentional impulsivity, or nonplanning impulsivity
[18]. For each question of the BIS10, the score ranged from 1
(low impulsivity) to 4 (high impulsivity). Thetotal scoreranges
from 34 to 136 points. The subscores ranged from 11 to 44
points for motor and attentional impulsivity and from 12 to 48
points for nonplanning impulsivity.

Unidimensional and two-dimensional analyses for both
guantitative and qualitative variables were carried out. In
addition, Fisher-Snedecor procedureswere used to compare the
two subgroups (male vsfemale) when needed. An unsupervised
approach was used to extract homogeneous patterns from the
data without any prior hypothesis. The approach is based on a
multiple correspondence analysis (MCA) of qualitative variables
to reduce the dimensionality. It consists of representing patients
in a factorial space where each dimension is a combination of
initial variables. Quantitative variables (eg, age) are not used
during the cal culations but are projected onto the factorial space.
Hierarchical Clustering on Principal Components is then
performed from the patients' representationintheinitial factoria
space. Hierarchical clustering has many advantages, including
the construction of a hierarchical tree called dendrogram that
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enables a visual interpretation of the dataset. The dendrogram
depictsthe emergence of groups of patientswho share common
risk patterns. In addition, it facilitates discussion between
statisticians and practitioners to choose the optimal number of
clusters. Each cluster was then interpreted through the
association between the cluster and the list of qualitative and
guantitative variables (V test). In the second step, the focus was
on the variable of interest—the number of suicide attempts.
Recursive partitioning has been used as a multivariable
procedure that classifies individuals (patients) by successively
splitting into subpopulations. Furthermore, a regression tree
was built, and the number of suicide attempts was explained by
different binary tests on predictive variables.

Results

Population Description

From the original database, the first step relied on data
qualification. Several redundancies (eg, duplicated surveys or
alternative coding) were observed among 263 initial variables.
Subsequently, a completion threshold was applied to the
resulting variables, and only 23 variables satisfied a 70%
minimum completion rate. Three additional variables related
to the types of impulsivity (as described above) were added.
With respect to the 2802 initial patients, we decided to keep
only suicide attempters with a 100% completion rate for the 26
variables. Inthefinal filtering, 5 variables were disregarded for
redundancy or usel ess purpose (thetype of patients, assessment
date, source, and year and day of birth). This rigorous process
ensured high data quality for both patients and variables; it al'so
provided a fina dataset of 681 patients and 21 variables.
Participants were predominantly young (mean age 40.1 years),
female, employed, and married. Most patients included in the
final analysishad ahistory of mental disorders, including major
depression (482/681, 70.8%), bipolar disorder (160/681, 23.0%),
dysthymic disorder (30/681, 4.4%), obsessive-compulsive
disorder (58/681, 8.5%), and alcohol misuse (178/681, 26.1%)
(Table 1).
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Table 1. Clinicosociological main features of the postfiltering dataset of 681 suicide attempters.

Berrouiguet et al

Features Value
General features
Qualitative variables, n (%)
Sex
Female 493 (72.4)
Male 188 (27.6)
Marital status
Single 239 (35.1)
Married 240 (35.2)
Separated or divorced 181 (26.6)
Widowed 21(3.1)
Children
No 272 (39.9)
Yes 409 (60.1)
Education
Low 31 (4.6)
Intermediate 368 (54.0)
High 282 (41.4)
Employment
Employed 451 (66.2)
Unemployed 110 (16.2)
Incapacity 41 (6.0)
Retired 79 (11.6)
Quantitative variable, age (years), median (Q1-Q3) 40.6 (28-49.6)
Clinical features
Qualitative variables, n (%)
History of mental disorder
No 6 (0.9)
Yes 675 (99.1)
History of family suicidal behavior
No 424 (62.3)
Yes 257 (37.7)
Lifetime major depression
No 199 (29.2)
Yes 482 (70.8)
Lifetime bipolar disorder
No 521 (76.5)
Yes 160 (23.5)
Lifetime dysthymic disorder
No 651 (95.6)
Yes 30 (4.4)
L ifetime obsessive-compulsive disorder
No 623 (91.5)
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Features Value
Yes 58 (8.5)
Lifetime eating disorder
No 571 (83.8)
Yes 110 (16.2)
L ifetime alcohol-drug misuse
No 465 (68.3)
Yes 216 (31.7)
Lifetime substance misuse
No 586 (86.0)
Yes 95 (14.0)
Lifetime alcohol abuse
No 503 (73.9)
Yes 178 (26.1)
Quantitative variable
Number of suicide attempts, median (Q1-Q3) 2(1-3)
Barratt Impulsiveness Scale survey - version 10, scores (range)
Motor impulsivity 26 (22-30)
Attentional impulsivity 27 (23-30)
Nonplanning impulsivity 28 (24-31)

Principal Outcome: Clustering of Patients

Thefirst step of the analysiswas to perform an MCA to reduce
the dimension, followed by a hierarchical clustering from the
principal components to highlight groups of homogeneous
patients. The tree structure (in terms of inertia gain) and a
discussion between statisticians and practitioners allowed usto
study patients partitioned into three clusters. Figure 1 shows
the cluster dendrogram and the projection of the three clusters
onto thefactor map; the factor map representsatwo-dimensional
projection of the first two dimensions only.

We conducted an in-depth analysis of the 3 groups for data
interpretation. Statistical association tests (V tests) enabled
identification of over- or underrepresented modalities in the
three clusters. Cluster 1 was mainly related to an average patient

https://mental .jmir.org/2019/5/€9766/

profile of women (positive association V test, P<.001) who did
not misuse drugs, substances, or acohol (P<.001) and without
bipolar disorder (P<.001), but with previous or current episodes
of depression (P<.001) and other mental health disorders
(P=.01). Cluster 3 was, in contrast, associated with men
(P<.001) and drug, substance, and a cohol misuse (P<.001); in
thisgroup, patientswere mainly single (P=.01), with no children
(P=.006) and no experience of depression (P=.006). Compared
with clusters 1 and 3, cluster 2 was neutral in terms of gender,
but this group was related to people with a work incapacity
(P=.03), low education level (P=.02), possible bipolar disorder
(P<.001), and no drugs or alcohol misuse (P<.001) and without
episodes of depression or other mental health disorders (P<.001).
Thus, without any prior hypothesis, this unsupervised approach
underlined three homogeneous groups. Gender appeared as a
crucial marker for two of the three groups.

JMIR Ment Health 2019 | vol. 6 | iss. 5 [e9766 | p.7
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Berrouiguet et al

Figure 1. Hierarchical clustering (left) and multiple correspondence analysis factor map (right) with three projected clusters.
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Secondary Outcome: | dentification of Factors
Associated With theRisk of Repeated Suicide Attempts

The second step of the analysis aimed to identify factors
associated with a higher risk of suicide attempts (variable
“number of suicide attempts’) for men and women separately,
following the principal outcome. Figure 2 depictstheregression
tree for male patients, while Figure 3 shows the results for
femal e patients only. For both groups, we noted that impulsivity
aspects (including the motor section, nonplanning section, and
attentional impulsivity section of the BIS interview) were
relevant factors explaining the number of suicide attempts for

05 0.0 05 1.0 15
Dim 1 (11.82%)

a patient. Furthermore, higher scores were associated with a
higher number of attempts for patients.

While analyzing both groups, the first conclusion is a clear
difference between genders. For instance, eating disorders are
linked to ahigher number of suicide attemptsfor women (mean
2.9inwomenvs2.3in men, P=.005), while ahistory of familial
suicidal behavior (mean 2.8 in men vs 1.7 in women, P<.001)
and the employment status are risk factors for some men. In
particular, unemployed men with higher scores at the BIS
interview were at higher risk of suicide repetition. Older age
and having children were also identified as risks factors.

Figure 2. The decision tree on the variable "number of suicide attempts' according to gender "male". BIS: Barratt Impulsiveness Scale.
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Figure 3. The decision tree on the variable “number of suicide attempts’ according to gender “female’. BIS: Barratt Impulsiveness Scale.
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Discussion

Principal Findings and I ntegration into a Dynamic
Clinical Decision-Support System

A systematic assessment before discharge from hospital has
allowed building of a large database suitable for modern data
mining techniques. In this study, weidentified clusters of suicide
attempters and variables that may explain the repetition of
suicide attempt in suicide attempters. This study shows how a
simple structuration of the assessment of discharged patients
after a suicide attempt may provide relevant datafor clustering
methods. The clustering may help clinicians alocate a patient
into arisk cluster. Therefore, it is the first step of the CDSS
design. Thismodel may lead to astratified approach in decision
making for suicide prevention. Furthermore, analyzing larger
datasets could allow the discovery of new risk factors that are
not currently considered relevant during clinical interviews.
However, we did not propose a model for suicide prediction;
our model mining big databases is a prerequisite toward better
decision making for suicide prevention. Furthermore, thismodel
could aso be applied to other data sources like personal health
records or ecological momentary assessment (EMA).

Our findingsarein line with recent studies showing how suicide
risk assessment could lead to patient clustering from a
preventative perspective [19]. Eleven clinically relevant items
related to the characteristics of suicidal behavior were submitted
to a Hierarchical Ascendant Classification; the results showed
that most individuals were included in a cluster characterized
by lesslethal means and planning (“impulse-ambivalent”). The
second cluster featured more carefully planned attempts
(“well-planned”), more alcohol or drug use before the attempt,
and more precautions to avoid interruptions. Finally, the third
cluster included individuals reporting more attempts

https://mental .jmir.org/2019/5/€9766/

(“frequent”), more often serious or violent attempts, and an
earlier age at the first attempt. In addition, differences across
clusters by demographic and clinical characteristicswerefound,
particularly with the third cluster whose participants had
experienced high levels of childhood abuse. Overdl, a
systematic, structured assessment may help clinicians
characterize suicide risk better and personalize prevention
strategies. We believe that electronic health and data mining
techniques may help usto reach this goal.

In this study, participants were assessed by trained clinicians
before discharge from the ED. Data were captured using
paper-based formul aries of the actual MeMind Web-based EHR
[20]; these data could have been captured by our MeMind Web
app [20] designed to gather observational datathrough an EHR
interface and perform EMA [18,19]. This Web-based software
has two distinct views—the EHR view (for clinicians) and the
EMA view (for patients). The “EHR” view is designed to be
used by doctors and nurses during the face-to-face assessment.
As current EHRs, the app also collects sociodemographic,
diagnostic, and pharmacological treatment information within
the “assessing suicide” protocol. Sociodemographic variables
included age (defined as the age at the index episode), sex,
profession, current working status, marital status, number of
children (if any), and educational level. Moreover, family history
of suicidal behavior, age at thefirst suicide attempt, and violence
of the suicide attempt were measured. The EMA view for
patients to track their symptoms was not used in this study.
Clinicians and patients can access the Web app either from a
computer or their persona mobile phone. EMA involves
repeated sampling of subjects’ behaviors and experiences in
real time in their natural environment. EMA has been
successfully used for real-time self-reporting of symptoms and
behavior. For example, Husky et a showed the utility and
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feasibility of using EMA to study suicidal ideation [4]. For this
study, patients did not have any access to this interface. Such
aWeb app may represent the future of suicide risk assessment,
asit allows data mining of static data (EHR data provided by a
single clinical assessment) and dynamic data (smartphone data
provided by EMA techniques); these data can be processed to
build a dynamic CDSS[19].

Limitations

Focus on Suicide Attempters

In thisstudy, patientswere recruited after asuicide attempt. We
postulate that the development of a CDSS would be more
relevant in apopulation of suicide attempters. Suicide attempters
are also defined as an “indicated population” [2] who warrant
the maximal attention of health care service owing to the risk
of reattempt. Treatment and follow-up strategies are well
described in the guidelines for suicide attempters. Therefore,
we were able to propose treatment to each participant based on
actual recommendations. However, applying these strategiesto
samples of patients with suicide ideation but without a history
of suicide attempt would be hypothetical and ethically
controversial. Owing to the epidemiological specificities of both
populations, a specific model would have to be built for each
population. In terms of multiple suicide attempters, a relevant
perspective is to focus on the temporality of suicide attempts
rather than the absolute number; to achieve this objective, finer
data are needed.

Missing Data: The Data Mining Challenge

This study illustrates the need for high-quality and large
databases for extracting significant patient profiles or risk
factors. Inthisstudy, starting from aninitial set of 2802 patients
with 263 variables, the data-qualification process resulted in a
final sample of 681 patients with 21 complete variables.
Although this volume of data already ensures dstatistical
significance, it underlines the importance of better ways to
standardize data collection in participating institutions. The
CDSS quality strongly depends on input data. Moreover, a
critical challenge may be the clinician acceptance of such tools
that directly impact the completion rate of the EHR [21].
Another option could be the integration of other data sources,
such as personal health recordsand EMA [21]. Overall, theuse
of larger databases will refine different profiles of patients and
dynamically improve the personalized prevention strategies,
thanks to the EMA data.

Recommendations for Suicide Prevention
From Guiddinesto Clinical Decision-Support Systems

in Suicide Prevention

Guidelinesrecommend that al patients presenting to the hospital
services with self-harm should receive a psychological
assessment before discharge, to determine the risk of further
reattempt [6]. Thisassessment should also help clinicians choose
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the most appropriate treatment while considering clinical
guidelines and patient-specific risks factor. However, reviews
have addressed the challenge clinicians working in the
emergency setting face when they rely on thesetoolsto perform
decison making [7]. As EHRs are extensively used in
emergency services and psychiatric departments, we propose
integrating CDSSfeaturesregarding an individual’srisksfactors
into EHRs.

Toward Dynamic Clinical Decision-Support Systems

Most clinicianshave use EHRs daily in emergency servicesand
psychiatric units. However, few institutions have taken
advantage of recent technological advances opportunities in
risk assessment. Combining €l ectronic health—based assessment
with data mining techniques represents an opportunity to foster
suicide-prevention research. This new paradigm is useful in
providing personalized intervention strategies by itself, but it
also affords the opportunity to identify novel mechanismsto be
targeted in suicide-prevention strategies. In addition, we believe
that computational models can provide data-assisted ideas
emerging from these repositories and will have specia appeal
for the empirically minded clinicians[7].

Although studies have highlighted the value of self-reportsin
clinical assessment, they arerarely routinely implemented [22].
Internet and mobile technologies are ideal for self-monitoring
assessment and ecol ogical observationa studies. M obile phones
are generaly kept on at all times and carried everywhere,
making them an ideal platform for the broad implementation
of EMA technology. For example, Husky et a conducted a
study providing support for the use of EMA intheidentification
of suicidal ideation in outpatients [23]. These techniques may
help cliniciansidentify risky events occurring during follow-up.
Overdll, these EMA data could also be mined and integrated
into the decision-making process.

Conclusions

The next step is to take advantage of new technologies and
current developments of Web-based mobile apps to design the
next-generation dynamic CDSS (Figure 4). Asemerging mobile
health (mHealth) techniques in suicide prevention strategies
also produce relevant data, this study proposes a new model of
the decision-support system based on the data mining
proceedings from face-to-face assessment and mHealth EMA.
Our strategy relies on the processing of static data (initial
assessment) and dynamic data (EMA) able to instantaneously
ddliver to clinicians decision support regarding aspecific patient.
Indeed, mHealth apps allow patientsto report their physical or
mental health conditions and symptoms, hence providing
dynamic data able to enrich studies, confirming or rejecting
statistical hypotheses [24]. Such dynamic data based on EMA
will form the core of adynamic decision-support system, which
will adapt its recommendations to patients characteristics
(Figure 4).
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Figure 4. The decision-support system based on ecological momentary assessment and data mining.
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Abstract

Background: Postpartum depression (PPD) has a 20% 3-month prevalence rate. The consequences of PPD are significant for
the mother, infant, and the family. There is a need for preventive interventions for PPD, which are effective and accessible;
however, many barriers exist for women who attempt to access perinatal depression prevention programs. Internet interventions
for the treatment and prevention of depression are widely accepted as efficacious and may overcome some of theissues pertaining
to access to treatment barriers perinatal women face. However, internet interventions offered without any human support tend to
have low adherence but positive outcomes for those who do compl ete treatment. Internet support groups often have high levels
of adherence but minimal data supporting efficacy as a treatment for depression. Taken together, these findings suggest that
combining the treatment components of individua interventions with the support provided by an internet support group might
create an intervention with the scalability and cost-effectiveness of an individual intervention and the better outcomes typically
found in supported interventions.

Objectives: This study aimed to describe the development of a cognitive behavioral therapy (CBT) internet intervention with
peer support to prevent PPD and examine preliminary depression and site usage outcomes.

Methods: User-centered design groups were used to develop the internet intervention. Once the intervention was devel oped,
women who were 20 to 28 weeks pregnant with symptoms of depression (Patient Health Questionnaire-8 scores of 5-14) but who
had no major depression diagnosis were enrolled in a randomized controlled trial (RCT) to compare 8 weeks of a CBT-based
internet intervention with peer support to an individual internet intervention designed to prevent PPD. Assessments took place
at baseline, 4 weeks, 8 weeks (end of treatment), and then 4 weeks and 6 weeks postpartum.

Results. A tota of 25 women were randomized. Of these, 24 women completed the RCT. Patient Health Questionnaire-9 scores
at 6 weeks postpartum remained below the clinical threshold for referral for treatment in both groups, with depression measures
showing a decrease in symptoms from baseline to postpartum. At 6 weeks postpartum, only 4% (1/24) met the criteriafor PPD.
There was no difference between groups in adherence to the intervention, with an average of 14.55 log-ins over the course of
treatment.

Conclusions: Results suggest women were responsive to both peer support and individual internet interventionsto prevent PPD
and that peer support may be a useful feature to keep participants adherent.

Trial Registration: ClinicalTrials.gov NCT02121015; https:/clinicaltrials.gov/ct2/show/NCT02121015 (archived by WebCite
at http://www.webcitation.org/765a7gBKy)
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Introduction

Background

Postpartum depression (PPD) has a 20% 3-month prevalence
rate[1]. The consequences of PPD are significant for the mother,
infant, and the family [2]. Loss of pleasure; low mood; fatigue;
difficulty thinking, concentrating, and making decisions; and
deep and appetite disturbance all lead to impairment in daily
functioning, especialy in caring for an infant. Depressed
mothers often show gaze avoidance, more negative and fewer
positive facial expressions, and slower or mistimed responses
to infant bids for attention [3]. Infants of depressed mothers
show less eye gaze during feeding, less play, less positive affect,
and higher levels of withdrawal behavior; are more drowsy and
fussy; and show higher levelsof insecure attachment than infants
of nondepressed mothers [2,4]. This negative impact extends
to the preschool years and beyond [4,5]. In sum, PPD leads to
impairment in maternal behavior, cognition, and affect, which
has a clear and negative long-lasting effect on the child. The
need for preventive interventions for PPD, which are effective
and accessible, iswidely recognized.

Many types of face-to-face PPD prevention interventions have
been developed and tested. Cognitive behavioral therapy (CBT),
interpersonal psychotherapy, and antidepressant medications
have demonstrated benefit in preventing the onset of depressive
symptoms [6,7]. CBT has considerable support in preventing
major depressive episodes as well perinatal depression. CBT
focuses on teaching patients to identify and challenge
dysfunctional beliefs and problematic behaviors. It has been
shown to be effective in numerous settings, including
individual-, group-, and distance-based interventions [8].
However, many barriers exist for women who attempt to access
traditional perinatal depression prevention or treatment
programs. Barriers may exist on multiple levels (patient,
provider, and practice) [9] and make it difficult for women to
access services, even if they have been identified as having
depressive symptoms or being at risk for developing them.
Barriers include stigma, cost, scheduling difficulties, and lack
of providers and programs [10-12]. Structural barriers such as
time constraints, lack of child care, and transportation also are
substantial barriersto obtaining psychological treatment among
75% of depressed urban primary care patients [13]. Online
prevention and intervention programs have the potential to
overcome many of these barriers.

Internet interventions for the treatment of depression arewidely
accepted asefficacious[14-18]. Though prevention interventions
are fewer, they have demonstrated support [19-21]. These
interventions commonly consist of didactic material and
interactive tool sto practice skills, such as cognitive restructuring
or behaviora activation. Stand-alone individual interventions
(those without any human support) typically show smaller effect
sizes than coach-supported interventions, likely because of
decreased adherence. Although coach-supported interventions

http://mental .jmir.org/2019/5/€10778/

may have improved outcomes, drawbacks include increased
cost and decreased scalability. Internet support groups (1SGs),
where peers provide support rather than trained coaches, are
frequently utilized by pregnant women and new mothers, with
75% of mothers endorsing use of internet-delivered support
[22]. However, despite good adherence and high levels of
interest, 1SGs have limited data supporting their efficacy for
treating or preventing depression [23-26].

Objectives

Taken together, these findings suggest that combining the
treatment components of individual interventions with the
support provided by |SGs may create an intervention with the
scalability and cost-effectiveness of an individual intervention
and the outcomes similar to those found in coach-supported
interventions. There have been a number of small trials that
suggest that peer support hasthe potential toimprove adherence
and depressive outcomes [23,27,28], and this study sought to
examine the use of this approach in the perinatal population.
Theaimsof thisstudy areto describe the development of aCBT
internet intervention with peer support to prevent PPD and
examine preliminary depression and site usage outcomes.

Methods
Stagel: User Centered Design Groups

User-Centered Design Groups

With institutional review board approval, user-centered design
groups were conducted to engage women from the target
population in the intervention-building process (topics, site
motif, and usability of potential application). User-centered
design groups were held from July to September 2014, with a
total of 6 participants across 3 groups. A total of 2 groups were
held in-person on campus at 1 of the participating institutions,
the third group was held online for ease of data collection and
participation. All werefacilitated and analyzed by apsychologist
consultant for thisgrant and analyzed using aphenomenol ogical
approach to qualitative analysis [29]. No software was used.

Participants and Procedures

Participantswere recruited by word-of-mouth from investigators
at the 2 participating institutions and through recruitment flyers
distributed around the campus of 1 institution. Participants
ranged in age from 25 to 45 years, reported median income of
US $100,000.00 and education level asgraduate or postgraduate.
Furthermore, 100% of the sampleidentified aswhite, and 100%
were partnered or married. Of them, 1 participant was still
pregnant (O children), 2 participants reported having 2 children
each, and 3 participants reported 1 child in their household.

Before beginning the groups, amoderator guide was developed
to ensure consistency of questions and topics covered.
Low-fidelity prototypeswere used to obtain feedback on various
site components and motifs. All groups were shown the same
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set of materials. Questions were formulated along 3 lines of
inquiry: (1) pregnancy topics of interest (topics about which
women might be seeking more information); (2) motifsfor the
intervention (visual themes and look and feel of the internet
site); and (3) use of the intervention (how, when, and why they
might interact with the intervention).

Investigators defined pregnancy topics of interest in initial
meetings regarding the creation of the intervention and vetted
these with group participants. Theinitial list was devel oped by
consulting the literature and brainstorming among the authors
and collaborators, who have extensive clinical experience with
pregnant women. Investigators also asked for any topics
participants did not seeincluded in the premade list. Participants
were initially asked for motifs they had either seen or thought
of themselvesin response to pregnancy, mothering, babies, etc.
In total, 3 motifs for the intervention had already been created
by the research team in conjunction with the application
development team and were vetted among group participants.
Finally, participant interest in using the proposed intervention
was gauged using diagrams of predetermined themes, potential
topics as discussed in the focus group, and the broader concept
of social mediafor information and community. Predetermined
motifswere devel oped through brainstorming sessionswith the
authors, program designers, and graphic designers.

Stagell: Pilot Trial

Study Design

Participants were randomized in groups of 7 to 9 to either the
Share (group) condition or the Control (individual) condition.
In total, the Share condition comprised 18 women, and the
Control condition comprised 7 women. Randomization of 2:1
was utilized to gain more experience with the group intervention
component, which was more novel than the individual
intervention. Contact was lost with 1 participant in the Share
condition immediately after randomization, so 17 women
actually participated in the Share condition. Subsequent to
randomization, participants had an initial 20-min phone call
with the study staff to establish rapport, ensure site functionality,
and elicit change-talk viamotivationa interviewing. Study staff
had no additional contact with participants except for regularly
schedul ed assessments. Study datawere collected and managed
using REDCap electronic data capture tools hosted at the
University of lowa (Ul) [30].

Website

The Sunnyside website was an 8-week online prevention
intervention devel oped by research partners at the Northwestern
University [31]. The Sunnyside website is based on cognitive
behavioral principles [32] that consisted of 16 core didactic
lessons (plus 3 postpartum booster sessions) and 5 associated
tools. See Multimedia Appendix 1 for an overview of
intervention content. CBT was selected as the intervention
approach given the evidence base supporting its effectiveness
in managing perinatal depression as well as the authors
experience in creating online CBT interventions [31,33]. Each
lesson, which required 10-15 min to complete, was uniquely
designed to provide information about pregnancy and
postpartum issues, as well as the components of CBT. At the
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conclusion of each lesson, women were prompted with a Call
to Action dlide that encouraged them to directly apply the CBT
strategies that were learned in the lessons. The lessons
comprised text and video material. In addition to the 8 weeks
that comprised the core portion of the intervention, participants
also completed postpartum booster sessions, which werelessons
made available at 2 weeks, 4 weeks, and 6 weeks postpartum.

New lessons and accompanying tools were released twice a
week, and participants received an email notification upon the
release of this material. The initial lesson introduced the
cognitive behavioral principles utilized throughout the
intervention and explained how one’s thoughts and behaviors
affect their moods and physical being. The program contained
5 interactive cognitive behavioral tools: thought restructuring
(Think), mood tracking (Feel), activity scheduling and
monitoring (Do), relaxation (Relax), and goal setting (Achieve).
Associated tools served to complement the lessons by having
thewomen directly apply the CBT strategiesthat were discussed
inthelessons. See Multimedia Appendix 1 for moreinformation
on the content of the lessons and tools. Taken together, the
lessons and tools provided useful information and additional
resources on how to manage mood and cope with depression
and anxiety.

Experimental Intervention: Share

Content and general layout was identical for the Control and
Share, with the exception that the Share site featured anewsfeed
and accountability features. Although the Control participants
focused on the lessons and interactive tools on the website, the
Share participants aso collaborated through the Activity Feed.
The Activity Feed was a constantly updating feed that displayed
each of thewomen’s activity on the site. Here, participantswere
able to post, like, and comment or provide feedback to other
women's posts. Discussion questions were posted with the
release of each lesson to encourage interaction.

Share participants also maintained an Individual Garden Plot
aswell asaCommunity Garden that werelinked to user profiles.
Women provided information about themselves in the profiles
to increase group bond. In both of the garden plots, incentives,
such as garden gnomes or flower collections, were earned by
completing various tasks on the site, such as reading a new
lesson or posting on the feed, but they were only added to the
Community Garden once each of the group members had
completed the identified task. The flower garden provided a
visual representation of each participant’s site use to increase
accountability to each other on task completion. Women were
also able to reach out to each other with a generic nudge
message that sent an email indicating that a specific group
member requested return to the site. A deliberate decision was
made to not allow private messaging between participants to
encourage interaction on the site.

Women were also provided a Contact Moderator tool to report
any issuesthat arose with either the site or with group members.
Staff members watched over the site to verify that medically
inaccurate information was not being posted and to ensure this
was a safe space for participants to disclose their feelings.
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Measures

Participants completed a total of 5 study assessments, which
included self-reported online questionnaires and i nterview-based
assessments that were conducted over the phone by trained
graduate students in clinical psychology. Outcomes were
assessed at baseline, week 4 of the treatment program, week 8
(end of treatment), 4 weeks postpartum, and 6 weeks
postpartum. Interview assessments were conducted at baseline,
week 8, and 6 weeks postpartum. Self-report measures were
collected at all 5 time points. Assessorswere blinded to sitearm
and intervention usage. Participants were compensated US $20
per assessment completed, for atotal of US $100 over the course
of the study. Compensation was tied to assessment completion,
not site usage, to decrease lossto follow-up in assessment even
if participants were no longer engaged with the site.

Use

Use was examined through total number of log-ins, completion
of tools, and lessons. Peer support features (likes, comments,
nudges, and posts) were examined for those in the Share
condition.

Usability and Satisfaction

Usahility and satisfaction were measured using the 17-item
Usahility, Satisfaction and Ease of Use questionnaire (USE)
[34] which was designed to measure satisfaction, usefulness,
ease of use, and ease of learning on a 1-7 Likert scale, with
higher numbers indicating greater usability and satisfaction.

Depressive Symptoms

The Hamilton Depression Rating Scale (HDRS) is a 17-item
scale that assesses the severity of depression symptoms.
Participants are scored on arange of severity (0-4) or incidence
(0-2), based on the variable. Variablesinclude depressed mood,
agitation, and somatic symptoms, among others [35]. Data on
the structured HDRS support interrater reliability, internal
consistency, and high test-retest reliability [36].

The Inventory of Depression and Anxiety Symptoms (IDAS)
is a self-report tool that aims to assess specific dimensions of
depression and anxiety symptomatology. It contains 10
symptom-specific scales, including suicidality, appetite, and
panic, among others, as well as 2 broader scales for general
depression and dysphoria. Thisinventory possessesbothinternal
consistency and content validity [37]. The 20-item general
depression scale was used for this study.

The Patient Heath Questionnaire (PHQ-8) is an 8-item
modification of the Primary Care Evaluation of Mental
Disorders used to provide diagnostic criteria for depression
symptoms and commonly used in depression screening. The
Patient Health Questionnaire-9 (PHQ-9) isareplicaof the 8-item
form with the addition of a suicidality item. Participants are
scored based on the frequency of certain moods and behaviors
over thelast 2 weeks, from O (not at all) to 3 (nearly every day)
[38]. The internal reliability and test-retest reliability of this
measure was excellent with a Cronbach alpha of .89 and .84,
respectively, and correlates strongly with other mental health
assessments[39]. The PHQ-8 wasadministered during theinitial
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online screening, whereas the PHQ-9 was used for al other
assessments.

Psychiatric Diagnosis

The Structured Clinical Interview for Diagnostic and Statistical
Manual of Mental Disorders (DSM) Axis-| Disorders (SCID-I)
is a semistructured interview that guides the diagnosis of the
major DSM Axis-| disorders. Its modules show excellent to
good reliability and superior validity compared with clinical
interviews (First, 1995). Suicidality was assessed using the
suicide question from the Mini International Neuropsychiatric
Interview (MINI), abrief structured interview for the diagnosis
of DSM and International Classification of Diseases disorders
[4Q].

Statistical Analyses

As this was a pilot study, descriptive statistics were used to
examine the data. Results should be interpreted with caution
because of the small sample size.

Procedures

Eligibility

Eligible participants were 18 years of age or older, between 20-
and 28-weeks gestation at the time of baseline assessment, had
ascore between 5 and 14 on the PHQ-8 screener (mild-moderate
depressive symptoms), were able to read and speak English,
and had access to theinternet on any device. Exclusion criteria
included diagnosis of a major depressive episode, psychotic
disorder, bipolar disorder, substance use disorder or other
diagnoses using the MINI, current use of psychotropic
medications, intention to resume antidepressant medi cation after
delivery (if women discontinued use during pregnancy),
currently in psychotherapy, and endorsed suicidality (with
separate procedures in place for responding to these women).
The rationale for the PHQ-8 €ligibility criteria is that
subthreshold depression symptoms are a common criterion for
entry to prevention programs[41,42]. The purpose of prevention
interventions is to halt the progress toward PPD; thus,
identifying those already on the trgjectory isimportant.

Recruitment

All women who met eligibility criteriafrom May 2015 to August
2015 were invited to participate in the study. Participants were
identified by the Ul's Ingtitute for Clinical and Trand ational
Science (ICTS). The ICTS accessed the medical records from
the Ul Hospitalsand Clinics and generated alist of women who
were currently pregnant and 18 years of age and older. Ul
research team membersfollowed up with the women generated
from that list to inquire about interest in participation. In
addition, Ul and University of Illinois-Chicago employed use
of mass-email and advertisement via Research Match.

Interested participants were directed to the study Web page
where they completed the initial online screener. Consent was
obtained before completion of the screening questionnaire.
Eligible women were invited to complete the baseline clinical
phone interview and self-report assessments, which were the
final step in determining eligibility for the study. Once women
compl eted the assessments and were deemed eligible, they were
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randomized into a cohort. This is discussed in greater detail
below.

All procedureswere approved by theingtitutional review boards
a the Ul, Northwestern University, and University of
I1linois-Chicago.

Results

Stage |: User Centered Design Groups
Topics
Topics to be included in the final version of the intervention

fell within 3 common categories—physical changes (mother
and fetus), logistical challenges, and emotional stresses.

Intermsof physical changes, 50% (3/6) of women reported that
including information on body changes—such as weight, body
after baby, changes during and after pregnancy, and
breastfeeding—would be helpful. Participants suggested that
simple psychoeducation itself would ease anxiety levels but
they had difficulty finding useful information. Logistical
challenges—including the broad different strategies work for
different kids and the specific When to amend your will were
the second most common responsesin terms of topic category.
Finally, 100% (6/6) of women described some sort of emotional
challenge they had anticipated at some time during their
pregnancy, including the fears of Am | meant to be a mother
and the experience of having a baby ishot “ easy” or “ happy”

or “blissful” Each woman described including these topicsin
an app designed to prevent PPD or at |east recognizeit early on
if it were to occur, as ahelpful, if not essential, goal.

Motifs

In reviewing predetermined themes offered for the overall
appearance of the app, the overwhelming favorite (6/6, 100%)
was a flower garden. This theme seemed to reflect the
undercurrent of new and emerging in spontaneous participant
answers. In total, 1 participant stated:

...the flower theme...l think it has a positive tone of
growing and new life.

Participants also felt strongly and negatively toward the
predetermined themes of EgginaNest and Fish Bowl. Of them,
1 participant commented:

Not sure about the eggs...reminds me of something
to eat.

The same participant more strongly added:
| don't know what | would want—but | know I

wouldn’t want anything with teddy bears, ducks, or
other baby animals.
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Use

Participants were asked a humber of questions about their
anticipated or hypothetical use of an intervention during
pregnancy. Partici pants suggested notifying program participants
of new content viaany number of messaging systems, including
text, email, push natification, or pop-up within the app.
Parti cipants suggested the information in the intervention should
be credible, monitored by an authority or third-party figure, and
should include information about how to use the app, as well
as how to be socia on the app. In this way, study participants
could create a supportive, informative community. Finally,
participants suggested incentivizing social interaction on the
intervention with changes in the flower garden environment,
such as growth or more flowers in the garden as interpersonal
activity or use of the app increases.

Stagell: Pilot Trial

Participants

A total of 24 pregnant women (1 additional woman ceased
participation immediately after randomization) in their second
trimester participated in exchange for compensation. The sample
was predominantly white (17/24, 72%), with 8% (2/24) African
American, 8% (2/24) Asian or Asian American, 8% (2/24)
multiracial, and 4% (1/24) Latina. The average age was 30.5
years (SD 4.05). The majority of the sample was married or
cohabitating (20/24, 83%) and were employed either part-time
or full-time (16/24, 67%). PHQ-8 scores at screening were 6.7
(SD 1.6). In total, 216 women completed the online screener.
Most women screened out during the online screening process
(n=180). Of those who completed the baseline assessment, 83%
(n=25) were eligible and enrolled in thetrial, whichisasimilar
rate to other online depression prevention trials[21]. A total of
5 women (17%) were excluded because of current major
depressive disorder (MDD) symptoms. See Figure 1 for more
information.

Attrition and Site Use

Overdl, 1 participant in the Share group withdrew from
participation before beginning the intervention. Mean number
of log-ins across the 8-week intervention plus booster sessions
was 12.6 (SD 6.9) for Control (N= 7) and 16.5 (SD 9.3) for
Share (N= 17). The average number of lessons accessed
(Control: mean 12.1, SD 5.6; Share: mean 13.7, SD 4.3) and
tools utilized (Control: mean 31.0, SD 28.6; Share: mean 24.3,
SD 17.6) was similar between groups. Data are provided in
Table 1.

Use of peer support featureswasfairly low (mean 5.9, SD 5.6);
however, 59% (10/17) of the participants used at least one
feature. Commenting on discussion questions or posts was most
popular (59%); initiating status updates also was common
(53%). The like and nudge features were utilized by fewer
participants (35% and 12%, respectively).
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Figure 1. CONSORT flow diagram. MDD: major depressive disorder; PHQ-8: Patient Health Questionnaire-8.
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Table 1. Adherence data.

Duffecy et d

Program activity Control (N=7) Share (N=7)
Mean (SD) Range Mean (SD) Range
Log-ins 12.6 (6.9) 5-21 16.5(9.3) 2-35
Lessons accessed 12.1 (5.6) 2-17 13.7 (4.3) 2-18
Tool: activity scheduling/monitoring 10.7 (15.6) 1-34 6.2 (4.1) 1-12
Tool: mood rating 15.8(9.9) 5-30 12.4 (9.5) 1-33
Tool: relaxation 7.7 (2.5) 5-10 34(1.8) 1-6
Tool: thought record 6.5(3.8) 1-11 5.1(2.8) 1-11
Tool: goal setting 3.0(0.0) 33 2731 1-11
Total tools used 31.0(28.6) 1-81 24.3(17.6) 5-63
Depression

Usability and Acceptability

At week 8, scores on USE subscales ranged from 1 (strongly
disagree) to 7 (strongly agree) and fell in the average range for
both groups. Control participants' mean scores were 3.69 (SD
1.76) for usefulness, 4.94 (SD 0.88) for ease of use, 5.77 (SD
0.91) for ease of learning, and 3.93 (SD 1.70) for satisfaction.
Share participants mean scores were 4.42 (SD 0.87) for
usefulness, 4.97 (SD 0.74) for ease of use, 5.73 (SD 0.87) for
ease of learning, and 4.58 (SD 1.11) for satisfaction.

Table 2. Depression outcomes.

PHQ-9 scores at 6 weeks postpartum remained below 10, the
clinical threshold for referral for treatment in both groups [39],
with measures showing a decrease in symptoms from baseline
to postpartum with the exception of the PHQ-9. PHQ-9 scores
inthe Control group increased slightly from baselineto 6 weeks
postpartum, but still remained below a clinically significant
threshold. Of them, 1 woman in the Control group met the
criteriafor amajor depressive episode at 6 weeks postpartum
diagnosed viathe SCID. See Table 2 for more information.

Outcome measures Baseline 4 weeks 8 weeks 4 weeks postpartum 6 weeks postpartum  Difference

Control, mean (SD)
PHQ-9? 5.6 (3.5) 44(37) 7.3(4.8) 3.0(0) 7.2(5.4) +1.6 (1.9)
HDR? 8.3(2.9) _c 6.2 (3.9) — 5.5 (4.0) -2.8(11)
IDAS 47.3(7.8) 42.4(9.8) 416(137)  45.0(7.1) 41.3(9.0) -6.0(1.2)
scip® 0 — 0 — 1 —

Share, mean (SD)
PHQ-9 5.1(3.6) 5.8(4.3) 3.7(23) 2.3(1.3) 3.7(3.8) -14(.2)
HDRS 8.6 (5.4) — 3.6(2.0) — 33(2.3) -5.3(3.1)
IDAS 454 (6.3) 43.9 (6.6) 37.7(4.7) 36.9 (7.0) 36.6 (4.9) -8.8 (1.5)
SCID 0 — 0 — 0 —

3PHQ-9: Patient Health Questionnaire-9.

PHDRS: Hamilton Depression Rating Scale.

®Not applicable.

dpAs: Inventory of Depression and Anxiety Symptoms.
€SCID: Structured Clinical Interview for DSM Disorders.

Discussion

Principal Findings

Thisstudy outlinesthe development and initial testing of anovel
Web-based intervention to prevent PPD. It indicates that
pregnant women are willing to use an individual intervention
or a group-based program and that doing so may impact the
development of depressive symptoms. At the completion of the
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trial, only 1 woman (5%) in this at-risk sample met criteriafor
PPD compared with a 17% prevalence rate seen in at-risk
women in the absence of an intervention [43]. Depressive
symptoms decreased across most measures from baseline to
postpartum in both the Share group and the Control individual
condition. Given the adverse effects of depression on both
mothers and babies, the reduction in symptoms is positive.

Intervention use was high as compared with other online PPD
prevention interventions, with no significant difference between
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groups. For example, for pregnant women in the Mamma Mia
trial, an automated Web-based PPD prevention intervention,
the average number of sessionswas 7.4 (of 16) [19]. Thee-MB
trial, another Web-based individual intervention for PPD
prevention, found reasonable adherence (40.47 min of
intervention use) but did not have a significant impact in the
development of PPD [20]. In the MMB program, an online
individual intervention utilizing a mindfulness-based cognitive
therapy approach, 57% of women completed at least 4 out of 8
ons, with the average number of sessions completed at 4.72
[21]. Asdiscussed in the development of the NetMums online
PPD treatment intervention, perinatal women have specific
needs that are often overlooked in Web-based CBT programs
focusing on MDD [44]. Content in Sunnyside was carefully
designed to provide desired pregnancy information as well as
mood management material, and it is possible that this helped
draw women back to the site.

Usahility scores indicate that the overall user experience was
satisfactory. However, limited uptake of the peer network
features suggest that changes could be made to increase group
discussion and cohesion. Increased utilization of peer support
features might lead to greater differences between groups but
given that both groups showed adequate adherence and positive
outcomes, optimization of those features may not provide any
further benefit.

Although dropout from assessments was high from baseline to
6 weeks postpartum, we retained 72% of participants in
assessments  through the completion of the intervention.
Retention at follow-up dropped considerably, in part because
of the time demands on the new mothers. In future trials, this
problem will have to be addressed by requiring less time for
assessment and doing a better job of preparing participants for
the postpartum assessments.

Duffecy et d

Strengthsand Limitations

There are several strengthsin thistrial. To our knowledge, this
isthefirst onlineintervention for PPD prevention that included
peer socia support. Socia support is consistently found to be
beneficial for pregnant women but can be difficult to accessfor
many women. Women consistently utilized the intervention,
even without human support, suggesting that this modality of
intervention is appealing to pregnant women.

The limitations of this trial include small sample size, limited
diversity in the sample, and the short duration of follow-up.
Ideally, follow-up would be closer to 6 months or 1 year to
determine if PPD developed later in the postpartum period.
Results should be interpreted with caution because of the small
sample size, and a larger trial with a more diverse group is
needed to verify the outcomes. In addition, most of our
participantswere recruited viaelectronic methods, such asemail
or Research Match, the online volunteer registry. This suggests
participants were comfortable using technology. The results
may not generalizeto those without familiarity with theinternet.

Conclusions

In conclusion, this study outlines the devel opment process and
feasibility testing of a Web-based intervention to prevent PPD.
Results suggest that women were responsive to the intervention
although it would benefit from continued refinement. Next steps
include a larger trial with a more diverse sample and a longer
follow-up period. In addition, making intervention enrollment
available viaprimary care clinics or ob-gyn offices, rather than
simply online, may increase access for those most in need of
preventive services but with less familiarity with online
resources.
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Abstract

A magjor problem in mental health clinical trials, such as depression, islow assay sensitivity in primary outcome measures. This
has contributed to clinical tria failures, resulting in the exodus of the pharmaceutical industry from the Central Nervous System
space. This reduced assay sensitivity in psychiatry outcome measures stems from inappropriately broad measures, recall bias,
and poor interrater reliability. Limitationsin the ability of traditional measures to differentiate between the trait versus state-like
nature of individual depressive symptoms also contributes to measurement error in clinical trials. In this viewpoint, we argue that
ecological momentary assessment (EMA)—frequent, real time, in-the-moment assessments of outcomes, delivered via
smartphone—can both overcome these psychometric challenges and reduce clinical trial failures by increasing assay sensitivity
and minimizing recall and rater bias. Used in this manner, EMA has the potential to further our understanding of treatment
response by allowing for the assessment of dynamic interactions between treatment and distinct symptom response.

(JMIR Ment Health 2019;6(5):€11845) doi:10.2196/11845

KEYWORDS
ecological momentary assessment; mental health; controlled clinical trial; psychiatry; health technology

Introduction

Background

Mental health treatment development and testing has been at
an impasse for the past several decades; our clinical trials
increasingly fail more often than in other fields [1]. Although
the global burden of psychiatric illness continues to be one of
the largest contributors to disability worldwide, investment in
the discovery of novel pharmacologic agents flows instead
toward disease states with identifiable biological targets. These
targetsremain elusivein psychiatric disorders[2,3]. The central
nervous system (CNS) drug devel opment pipeline has become
increasingly burdened with late-phase failures[4], contributing
to awell-publicized exodus of the pharmaceutical industry from

https://mental.jmir.org/2019/5/€11845/

RenderX

the CNS space. This has resulted in decreased investment in
drug discovery [5].

Treatment Failures: Bad Medicine or Bad M easures?

The randomized, placebo-controlled trial isstill considered the
gold standard test of treatment efficacy. However, over the past
60 years of treatment research in psychiatry, we have observed
that treatment effect sizes remain stable, whereas placebo
responsesrise[6]. Modern clinical trialsare difficult to conduct
and are fraught with numerous challenges related to cost,
regulatory requirements, recruitment difficulties, and other
inefficiencies [7,8]. Added to these challenges is the use of
impreci se outcome measures, which hindersthe ability to detect
true separation of active treatment from placebo response [9].
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The contribution of poor measures to treatment failures is
particularly well-illustrated in antidepressant trials[10-12]. For
example, lanicemine, an N-methyl-D-aspartate receptor
antagonist differing from ketamine that produces lower
psychotomimetic side effects, was thought to show promisein
treating depression [13]. Early phase clinical trials showed
promising results in rapidly reversing symptoms of treatment
resistant depression, but investigators failed to replicate the
results in a late phase study [14]. Similarly, basimglurant, a
postsynaptic metabotropic glutamate subtype 5 receptor
antagonist, showed promise in early phase trials but failed to
separate from placebo on the primary outcome measure in a
larger phase 2b trial [15]. In both cases, the primary end point
was change from baselineto 6 weeksin the Montgomery Asberg
Depression Scale (MADRS), which is considered an industry
standard in depression treatment research. The authorsidentified
flaws in study design, conduct, and even underlying scientific
rationale as possible causes of these late stage failures.

It seems unlikely, given the financial and intellectual resources
brought to bear in the early phases of discovery, that
investigators could have gotten the scientific rationale so wrong.
A more probable explanation for the failed studies might liein
how the primary outcome was determined and measured.
Althoughthe MADRS s considered astandard assessment tool
in depression research, poor interrater reliability (ie, imprecision
of measurement) is one of many limitations to this measure's
assay sensitivity.

The Culprit: Faulty Signal Detection

Measurement assay sensitivity, asit appliesto clinical research,
refersto the ability of a symptom assessment measure to detect
whether a difference exists between treatment groups [16].
Issues of assay sensitivity are well known in psychiatric
treatment research and have been observed with older self-report
scales such as the Hamilton Rating Scale for Depression
(HAM-D) aswdll asin newer clinician-administered instruments
such as the MADRS. Both measures include several symptom
domains but offer only afinal summed score. This offerslittle
insight into the specific symptoms underlying the clinical
presentation.

Self-report measures may incorporate reporter bias, whereas
clinician-administered assessmentsincorporate bias on the part
of the clinician. For example, there may be bias in recruitment
or sample ascertainment, such as career patients who serialy
enroll in research studies for financia reasons and are thus
motivated to answer questions in such a way as to increase
likelihood of enrollment. Investigators may unconscioudly inflate
baseline measures of psychiatric symptomsto meet recruitment
goals[17-19].

Nonetheless, these arguments fail to explain why academic
studies, in which less financial gain accrues to the patient and
investigator, also see a high placebo response and failure rate
[20]. Regardless, reduced assay sensitivity in clinical trials has
the potential to sabotage treatment development at any stage.
We submit that these and other depression symptom measures
reduce assay sensitivity in 3 primary ways. unnecessary
complexity, human error (ig, clinician judgment), and infrequent
sampling.
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Getting to Precision Assessment

The idea of using technology to increase the accuracy and
precision of symptom assessment in clinical trials is gaining
momentum. For example, the National Institutes of Health
toolbox was designed specifically for this purpose [21]. The
Pati ent-Reported Outcomes Measurement Information System
also offers researchers standardized patient-reported outcome
(PRO) measurement tool swith transparent performance metrics
[22]. Sdf-report measures delivered via mobile technology
certainly offer ecological validity and may also prove superior
to clinician-administered instrumentsin large, industry-funded
clinical trials. Improved measurement would likely trandate
into more useful clinical trials. It may even go along way toward
surmounting our present impasse in developing new mental
health treatments.

Clearly, weare not thefirst to contempl ate the problem of assay
sensitivity in our field. However, public discussion as to why
progress in the field of psychometrics has stalled has not
extended to industry trials. Open scientific discourse has aso
been limited on the subject of devel oping novel, effective, Food
and Drug Administration (FDA)—sanctioned instruments, which
could be used to track mental health disorder outcomes with
greater assay sensitivity. As the success or failure of
antidepressant treatment trial s often rests solely on the presumed
validity and reliability of symptom measures, it should follow
that these assessments deserve the same degree of scrutiny
regarding assay sensitivity as any laboratory test.

In this viewpoint, we will examine 3 major problem areas we
believe the field needs to address in getting to precision
assessment: overly complex assessment tools, contributions of
human error, and limitations of infrequent sampling. First, we
will review the 2 gold standard depression instruments used at
present to track psychiatric symptoms in industry-funded drug
trials. Next, we will examine the role of clinician assessment
and how human involvement in measurement contributes to
error. We will then discuss challenges to adequate measurement
frequency in obtaining valid self-report data. Finally, we propose
a solution to the measurement problem in depression clinical
trials. We will explore contributions from the fields of
mathematics, human psychology, and computer science to the
development of mobile technology—based measures, which we
believe may offer significant improvements over traditional
Ssymptom assessment.

Problem 1: Needless Complexity
Undermines Utility

Key point:

« Overly broad measures that attempt to cover multiple
symptoms or symptom domains compromise signal
detection. To meaningfully reduce error, consensus on what
to measure is needed.

The Problem of Excessive Description

Psychiatric rating scales frequently use diagnostic criteria or
descriptive psychopathology to track a patient’s progress
throughout aclinical trial. The descriptive psychopathol ogy for
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a given psychiatric disorder is by nature more expansive than
the diagnosgtic criteriaalone, which can be helpful for identifying
clinically significant featuresfor treatment targets. This problem
is not restricted to mental health research; trials in cardiology
have also been compromised by failing to adequately confine
outcome measures for meaningful signal detection[23]. Inmajor
depression, patients often have irritability, anxiety, and other
symptomsin addition to the 9 cardinal symptoms of the disorder.
A content analysis by Eiko Fried found 52 symptoms of
depression across 7 commonly used depression scales, with a
content overlap among all scales of only 32 percent [24].

Take for example the MADRS discussed above [25]. The
clinician in using this scale administers a 10-item assessment
to a study participant. The change in the total score over time
is then used to determine whether the treatment under
investigation is effective. The 17-item HAM-D (HAM-D-17)
determines efficacy similarly [26]. However, both items assess
multiple symptom domains, al considered diagnostic aspects
of depression. A recent study by Checkroud et al [27] of over
7000 patients with major depression demonstrates why this
approach, aswell as any other that relies on indiscriminate use
all of theitemsin a scale to assess primary efficacy outcomes
(eg, the HAM-D), may be a problem. In their study, they
illustrate how thisindiscriminate approach to measurement can
jeopardize a potential treatment in late-phase clinical trials.
Specifically, they found that consistent anti depressant treatment
response was found only for the core emotional symptoms
(anergia, dysphoria, anhedonia, feelings of worthlessness, and
difficulty concentrating). The detectable signal for treatments
shown to be effective is thus obscured by the total score, which
isthe only score considered when designing trialsto determine
efficacy. This example highlights how standard rating scales
have contributed to treatment failures by introducing
unnecessary compl exity, which reduces measurement specificity.

To further complicate matters, measuring multiple constructs
inflates the chance that items tied to each construct will shift
unpredictably over time (eg, dueto lack of longitudinal factorial
invariance) [28]. In this way, depression rating scales are often
a mix of sensitive and specific items (dysphoria, anhedonia),
nonspecific items (anxiety), and symptoms that may be derived
from an unrelated illness (eg, fatigue). Side effects of the
treatment itself are also frequently conflated with the itemsin
the primary outcome measure. Moreover, individual itemswithin
a scale are often not weighted for relevance. As the success or
failure of a trestment rests on a scale’'s summative score, it
follows that some of the score’s equally weighed items might
betotally irrelevant to the trajectory of the disorder in question
[29]. The 24-item HAM-D (HAM-D-24) ismore comprehensive
than the 17-item version [30]. It was designed to more
comprehensively capture relevant symptoms. However, using
the HAM-D-24 may conceal treatment effects by introducing
items that assess uncommon or diagnostically nonspecific
symptoms, such as hypochondriasis or depersonalization. Again,
asthetotal scoreisused to determine whether or not a trestment
is effective, there is a further risk of magnifying irrelevant
changes and obscuring important ones.
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LessisMore

The shortened 6-item HAM-D and MADRS scales, which favor
core items such as low mood, anhedonia, and guilt, have both
been shown to be more sensitive than HAM-D-17 and the
10-item MADRS, respectively [31]. The shorter 6-item version
of the HAM-D [32] was superior to the longer HAM-D-17, 21
and 24 in detecting treatment response to the newer
antidepressant vortioxetine versus placebo [33]. Similarly, the
buprenorphine/samidorphan combination treatment, which failed
to separate from placebo on the primary outcome measure of
changefrom baselineonthe MADRS-10item scale, fared better
in separating from placebo using the MADRS-6 item scale [ 34].
These exampl es suggest a data reduction approach to symptom
assessment focusing on core symptoms is more likely to
accurately detect meaningful clinical response. Unfortunately,
thereis, asof yet, little agreement on which symptoms are most
relevant.

Consensus on the most clinically, functionally, or personally
relevant features of treatment response or remission is needed
to improve signal detection. If we simply wish to use our
existing scales more pragmatically, we would take a treatment
we know to be effective and choose the individual items from
aselected scale that reveal the greatest amount of separation in
favor of the proven treatment. We would then use the items
from that same scale to determine whether or not an unproven
treatment is effective. Alternatively, the field could adopt a
universal consensus around measuring the core emotional
symptoms of the illness to determine treatment success or
failure. Thisis a difficult and unlikely scenario as we do not
have the evidence base at present necessary to establish what
exactly these core symptoms might be. In either case,
improvement from a functional or pharmacoeconomic
perspective may not map well onto any of the items in the
measures we currently use. This may force the field to revisit
some of its a priori assumptions about clinical relevance. In
short, although we can confidently say that our current approach
is suboptimal, fixing it will not be so easy.

Problem 2: Human Error Magnifies
Measurement Error

Key points:

«  Clinician-administered scales compound response bias
« Sdf-report aone is imperfect but minimizes rater
contribution to measurement error

Not All That Glittersis Gold

Psychiatric treatment research has traditionally considered
clinician-administered assessmentsto be the gold standard over
PRO measures. This stemsin part from an inherent belief that
the clinician objectively corrects for whatever error (eg, errors
of omission, exaggeration, expectancy effect, and Hawthorne
effect), intentional or otherwise, introduced by the patient.
Perhaps somewhat counterintuitively, clinicians may magnify
the patient’s error. A large study evaluating self-report and
clinician-administered instruments from the Sequenced
Treatment Alternatives to Relieve Depression trial found that
self-report measures contributed more to the prediction of
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outcomes of clinician-administered instrumentsthan vice versa
[35]. The authors of the study aso recommended that, in the
event that only 1 form of assessment could be used, self-reported
outcome measures would be preferable.

Error or bias on the part of the clinician is routine, rather than
idiosyncratic. It would be unfair to presume it to be the result
of malice or laziness. It may happen unconsciously and even
in good faith because clinical judgment is not completely
objective. Interviewers are also susceptible to either a positive
or negative rater bias depending on whether research participant
attributes, often irrelevant to the assessment at hand, are
perceived as positive or negative. This can result in sometimes
pronounced unconscious alterations of judgment [36] that
significantly impact clinical decision making. This has been
illustrated in studies finding poor interrater and test-retest
reliability in standard clinician-administered assessment
measures for depression [3]. The reason for such results may
be that clinicians, even when given rules governing the scoring
of the assessment at hand, will tend to drift from standard
calibrated practice [37]. Whether or not a clinician reliably
follows an assessment-related rule depends on the amount of
inertia that must be overcome to adopt it, the format in which
the rule was originally presented, the number of demands that
compete with the rule, and the institutional pressures involved
in maintaining compliance with the rule [38].

When all Else Fails, Listen to the Patient

Although the evidenceisstill far from conclusive, adecent body
of literature has elevated the stature of PROs vis-avis
traditional, clinician-administered rating scales. Self-report
assessments represent an improvement over
clinician-administered assessments insofar as they eliminate
rater bias and reduce the likelihood that participants will feel
compelled to give socially desirable responses (a type of
response bhias) or affirmative answers when interviewed
face-to-face[39]. For example, alarge meta-analysis of placebo
response in 96 antidepressant trials by Mora et a found that
clinician-administered instruments were associated with a higher
placebo response than PRO measures [40]. Such evidence
further supports the idea that clinician-administered scales add
error rather than removing or mitigating patient error. In
summary, athough we place a high vaue on
clinician-administered assessments, clinician objectivity may
be more of an appealing myth than reality.

Problem 3: Infrequent Sampling Hurts
Sensitivity

Key points:

« Retrospective patient symptom report in the context of a
clinical trial may be inaccurate

«  Ecologicaly valid symptom reports collected in real time
are needed to interpret treatment effects

(Not So) Total Recall

Self-report also has inherent limitations. This was recognized
by Arthur Schopenhauer in the 19th century [41], who observed
that one cannot be both the subject and object of accurate
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perception. Thus, reporting on one's own mood even in the
present poses significant challenges and represents an
irremediable layer of error. Mehl and Conner have aso
comprehensively discussed the problem of recall bias in
psychological research [42]. In short, asking a participant to
provide aretrospective symptom report merely compoundsthis
error by introducing recall bias. In other words, emotional recall
bias (unlike the subject-object problem) isacontrollable source
of error. Neuroscientists have found memory to be frequently
unreliable, particularly when the encoding and retrieval of
memories occurs during periods of emotional arousal [43].
Memory has many odd biases, not all of which are evident in
daily life. For instance, it has been shown that people have a
tendency to remember events that ought to be enjoyable, such
as a vacation or spending time with one’s children, as being
more pleasant than they actually were [42]. Thus, asking a
respondent to recall something requires filtration through
whatever emotional state the subject happens to be in at the
time of the assessment, which only compounds this error [44].
Furthermore, respondents are unlikely to accurately create a
coherent summary of their emotional states over time.

What isthe (Right) Frequency?

Infrequent measurement or sampling in clinical trials tacitly
makes the assumption that we know enough about how anillness
behaves over time to ask questions with atime frame modifier
(eg, “In the last week...") and is associated with measurement
error in clinical trias. This has been illustrated in disciplines
outside of psychiatry. For example, the Heart Outcomes
Prevention Evaluation trial evauated the effect of the
angiotensin-converting enzymeinhibitor ramipril in patients at
high risk for adverse cardiovascular events [45]. The study
found that ramipril lowered blood pressure assessed via 24-hour
ambulatory measurement, whereas office-based blood pressure
measurements did not detect the treatment response.
Investigators attributed this to a diurna variation in blood
pressure or white coat hypertension —phenomena that could
not be captured with the limited number of measures obtained
during office hours or that were affected by the officevisit itself.
For thisreason, blood pressure assessment in clinical trials has
moved to using frequent ambulatory blood pressure sampling
to assess treatment efficacy, which has essentially eliminated
the placebo responsein antihypertensive treatment trial s[46,47].

Similar to blood pressure, depressive symptoms also appear to
fluctuate throughout the day or in response to specific situations
[48]. Mobile technology offers a feasible way to increase
sampling frequency, as evidenced by the already rich scientific
literature on ambulatory assessment [42]. However, this
approach has yet to be fully embraced by industry sponsored
studies, where it could be of prime utility. To date, only 1
industry-sponsored study currently underway has attempted to
compare  daly, ambulatory self-report with a
clinician-administered measure [49]. Frequent, in-the-moment
self-report also has its limitations. There is no doubt some
theoretical limit on high-frequency sampling to the extent that
it may, if administered often enough, conflate mood and
emotions or succeed in becoming itself a source of negative
mood, affect, or emotions[50,51]. However, thisissue callsfor
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careful experimentation with frequency to assess acceptability
rather than avoiding frequent sampling altogether.

The State Versus Trait Problem

Symptoms of many psychiatric illnesses are characterized as
trait-like in advance of any evidenceto support thisassumption.
However, variation is routinely observed in behaviors studied
over time, irrespective of how trait-like they seemed to be (eg,
personality traits such as sociability) [52]. For thisreason, itis
highly probable that important variation is the rule rather than
the exception in psychiatricillness. For example, inanindividual
with major depression, mood might be very depressed at a
certain point in the morning and near-normal later that same
day [48].

Despitethis, we continue to measure mood as a stable trait-like
symptom (eg, “in the last 7 days, how has your mood been?’).
This is the case for most psychiatric symptom assessments,
where dynamic versus stable or trait-like nature of symptoms
are poorly described. The only way to ascertain variation or
lack thereof isto sample theillness frequently before finalizing
the measure (eg, for use in a treatment study). In other words,
frequent sampling would ideally be used to inform the creation
of a scale before using it to track efficacy [52]. Without this
approach, scal e selection becomes thoughtlessly reflexive [50].
Limited sampling likely further compromises psychiatric
research because trait measures reguire respondents to attempt
asummation of statesviarecall of past experiences, which has
been shown to introduce error [53].

Even if the symptoms of psychiatric illness are predominantly
trait-like, we would continue to favor frequent sampling, even
if this requires us to use a smaller number of items. Thisisin
contrast to classical test theory, from which we take the maxim
that adding equally good items to a measure leads to greater
reliability and therefore, a better shot at validity [54]. Thisis
based on the ideal circumstance where it is possible to ask a
respondent the same question repeatedly, which we cannot do
at a single time point without expecting the respondent to
become reactive to the question [54,55]. Furthermore, ameasure
using high-signal items repeatedly over time would better
capture any given quality than would a measure with a mix of
itemswith lower signal detection at asingletime point [56]. In
psychiatric treatment research, we have historically chosen to
use a greater number of inferior items at a single time point,
even though the maxim we are following was based on equations
that are arguably better suited to repeated measurement of a
single quality.

Solution: Ecological Momentary
Assessment

Overview

Ecological momentary assessment (EMA) isfrequent, real time,
patient-reported assessment delivered via surveys (eg, “right
now, my mood is...”) and completed by the patient typically via
mobile device to collect information about the patient in a
real-world setting [57]. Participants are prompted at prespecified
intervals to complete symptom assessments rather than having
a prompt dependent upon a passive event (eg, actigraphy and
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patterns of speech). EMA may overcome the deficiencies
inherent in traditional clinician-administered instruments.
Evidence from pain studies examining EMA aongside
retrospective recall show a consistent discrepancy between the
2 formsof report [58]. A similar discrepancy between real time
and retrospective self-report of affect has al so been demonstrated
[59]. A single item scale measuring mood delivered via EMA
outperformed the HAM-D-17 in its ability to predict “current
relapse status’ in patients with major depressive disorder [60].

Increasing Accuracy in Early Phase Trials

Frequent, real-time EMA sampling has been shown in the same
study to both qualify positivefindingsin clinical trialsand detect
treatment effectsthat the HAM-D was unable to detect between
groups after 18 weeks of treatment [61]. Frequent real-time
sampling has also been shown to unmask differences between
treatment responders and nonresponders and to detect treatment
effects earlier than clinician-administered assessments[62,63].
Finaly, frequent, rea-time sampling compared with
retrospective assessment has been shown to increase the
precision of measurement over time.

An exampl e of how infrequent sampling adversely affects assay
sensitivity in clinical trials was recently provided by Moore et
al [64]. In this study, the researchers assessed the effects of
mindfulness-based stressreduction (MBSR), compared with an
attention placebo. For outcome assessments, they measured
depressive symptoms, anxiety symptoms, and mindfulness
self-ratings in 2 ways: EMA tools delivered to participants
electronically via a smartphone 3 times daily for 14 days and
traditional paper- and pencil-based measurement tools asking
about last week’s symptoms (comparable with most outcome
measures). The EMA-based outcome assessment resulted in a
much lower number needed to treat (NNT) for MBSR than the
same outcomes measured using the traditional technique: the
NNT for treating depression was 8 using EMA versus 31 using
traditional measurement. In other words, EMA captured a
treatment effect that was missed by standard self-report
assessments. This was also reflected in the smaller SDs for
outcomes measured viaEMA when averaged over time. In short,
frequent ambulatory assessment improves precision.

Increased Under standing of Core Symptom Constructs

EMA may also increase measurement precision by tracking
how symptoms of an illness behave and interact over time[65].
This allows investigators to characterize state versus trait-like
symptoms and establish the nature of the rel ationshi ps between
symptomsover time. Thisapproach may also be useful because
it offers the ability to evaluate interactions between symptoms
without first assuming that they are symptoms of the disorder
in question. This “pragmatic nihilism” [66] or “symptomic”
[67] approach differsfrom how we currently assess psychiatric
disorders. Clinician-administered instruments are rated with the
built-in assumption that any number of symptoms are all tied
to 1 underlying, latent variable (eg, depression). With enough
patient-reported EMAs carried out over time, investigators may
be able to observe how symptoms interact with one another.

It may also be possible to discern which symptoms are central
to the disorder under study and how certain upstream symptoms
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may influence a cascade of symptoms downstream. How many
EMA s are enough depends on the exact questions being asked
and the assumptions made in the analysis; however, it islikely
that aslittle as 25 measurements from hundreds of participants
or a hundred measurements in even a small number of
participants would be a reasonable starting place [68]. Such
findings may eventually afford researchers the unique
opportunity to stratify clinical trial participants based on how
they do or do not get better rather than simply whether or not
they get better. The approach becomes highly descriptive at the
level of the individual, thereby allowing one to answer a host
of previously unanswerable questions.

Deconstructing Treatment Response

Another question that might be asked is whether patients
responding to an intervention or placebo get better in the same
way. In other words, do the temporal dynamics of placebo
response differ from that observed in drug response? Temporal
dynamics here refer to certain discernable patternsin the EMA
data that allow a researcher to broadly classify a patient as
displaying, for instance, affective inertia (symptoms strongly
relate to themselves over time, resulting in less change over
time), affective instability (symptoms vary a great deal over
time), or inability to differentiate between symptoms (as 1
symptom gets better or worsetherest tend to follow) [69]. This
isby no meansan exhaustivelist of questionsthat may be asked
of the data derived from EMA. It is safe to say EMA has the
potential to offer a renaissance of sorts in descriptive
psychopathology and may even allow for veritable personalized
medicine given the types of patterns and points of intervention
itisabletoreveal.

EMA may also help us detect the phenomenon of regression to
the mean. This phenomenon occurs when a baseline assessment
of symptomsin aclinical research study isinflated at theinitial
visit before regressing to where those symptoms normally live.
This is thought to significantly impact the ability to detect
separation whenever it occursin the placebo group. Using EMA,
patients may be monitored in the outpatient setting not simply
for clinical research purposes but rather to give the clinician a
better idea of whether or not a patient is getting better. This
approach appreciates EMA as an instrument that may be used
to conduct field research, which is thought to have better
“ecological validity” than assessments delivered within the
artificial environment of the clinical tria site [42]. Such
real-world information could be used to find out where that
patient “lives’ if a patient is being screened for a clinical
research study. Similarly, it is not difficult to envision tailoring
inclusion/exclusion criteria to this end. If and when this does
take place, CNS research will be indebted to data provided
directly by the patient.

Developing Better Interventions

Once individual symptom characteristics are known, targeted
interventions can be devel oped. For instance, if insomnialeads
to anergiathe following day, which in turn leads to anhedonia,
one might examine whether applying an intervention at the
onset of insomnia changes the observed course of
symptomatology downstream. This sort of interventioniscalled
an ecological momentary intervention (EMI) because it relies
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on EMA or ajust-in-time adaptive intervention. An EMI isan
intervention informed by datagathered by EMA.. We can already
find examples of researchers using EMA data to provide an
EMI. For example, EMI has aready been shown to be very
successful in providing patients with substance use disorders
relapse prevention tools precisely when they need it the most
[70Q]. Itisconceivablethat EMA scales, in addition to providing
efficacy outcomes with increased assay sensitivity, may also
reveal novel points of intervention in clinical trials.

Multiple methods, including multilevel vector autoregression
and multilevel dynamic structural equation modeling, can help
researchers examine how individuals may vary from group
trends over time [71,72]. This might allow clinicians to tailor
apersonalized EMI based on a patient’s own unique pattern of
EMA data. To take thisidea further still, EMA may eventualy
be able to offer the unique ability to evaluate whether a target
is being addressed by an intervention via real-time lagged
mediation rather than post hoc analyses. In other words, we
would be able to use real-time lagged mediation to see whether
or not we are actually engaging a chosen target precisely when
we are attempting to target it.

The use of EMA to gather the data needed to deliver a
just-in-time EMI is also consistent with the concept of target
engagement raised by the National Institute of Mental Health
in an effort to address the declining success of clinical trialsin
mental health. A target is defined as something “molecular,
cellular, circuit, behavioral or interpersonal, commensurate with
theintervention,” which is expected to be changed in some way
by the intervention being studied [73]. The concept of target
engagement is closely related to a recent call for a research
focus on symptomics or the examination of “ symptom-specific
effects’ [70]. Such afocus, asrepresented in the example above,
may allow us to identify those key symptoms that tend to
precede or perhaps even cause other symptoms. Investigating
patterns of interaction between symptomsin thisway may help
us to understand some of the underlying causes of complex
psychiatric illnesses.

How Do We Get to Widespread Use of
Ecological Momentary Assessment in
Clinical Trials?

Under standing and Getting Past Limitations

Although smartphone ownership isnot universal, itisincreasing,
particularly among individual swith psychiatric conditions. John
Torous found in a recent survey of 457 individuals with
schizophrenia or schizoaffective disorder that greater than half
(54%) of such individuals owned a smartphone [74]. Perhaps
a greater question then is whether a participant with a
smartphone would want to useit to regularly quantify hisor her
depressive symptoms. User privacy is aso becoming an
increasingly important issue as faith in big tech to safeguard
users’ privacy haswaned in the wake of the numerous scandals.
Getting around these limitations may require sponsorsto invest
in low-cost devices participants can use while enrolled intrials.

Use of EMA in the real world often leads to missing data that
have historically made analysis problematic. Users may not be
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compliant with the number of surveys they are required to
completein atimely manner, and, as described above, frequency
of assessments increase precision only up to a point. Beyond
this point, with too frequent assessment, the risk increases of
either introducing noise by sampling irrelevant aspects of the
human condition or of the assessment itself becoming anegative
part of the intervention. Investigators will have to consider an
assay senditivity assessment as part of the startup process to
determine how the target population will best respond to EMA.

Although the FDA has made its expectationsfor PRO measures
clear [79], it is not at al clear whether every aspect of FDA
guidance will neatly trandlate to electronic PROs. For example,
to what extent, if any, would necessary software updates for an
accepted EMA app involve the FDA? FDA guidance for
evaluating antidepressant drugs has not been updated since 1977
and explicitly favors selecting scales that have been previously
used in drug trialsover onesthat are novel [76]. Thiseffectively
prioritizes tradition over innovation and creates a catch-22 for
researchers who might otherwise break with the status quo.
Clinician-administered instruments need to be evaluated
alongside commensurate EMA-delivered items. Thiswill help
us to determine parameters such as the optima sampling
frequency but will likely also be necessary asthe FDA typically
reports correlation coefficients for established measurement
tools[77].

The conceptualization of disorders based on Diagnostic and
Statistical Manual of Mental Disorders/International
Classification of Diseases criteriahas been called into question
and may eventually be replaced altogether by Research Domain
Criteria [78]. Although EMA isin many ways conducive to a
dimensional approach to mental illness, this migration would
obviously require a new approach to EMA scale creation and
validation. In this case, the role of EMA may be to supplement
observabl e behaviors with self-report.

EMA may not be ideal for detecting rare events, especialy if
they occur infrequently relative to the sampling frequency (ie,
asthe sampling frequency decreases so too doesthe probability
of capturing rare events). Thus, when and how to apply EMA
inclinical trials remains an arearequiring additional study and
consensus devel opment.

EMA should not be mistaken for apanacea so long as p-hacking,
publication bias, and apha inflation continue to affect the
integrity of clinical research. Any scale used to evaluate the
efficacy of an intervention in large industry-sponsored clinical
trials must be uniform and well-validated. Thus, to create a
standard efficacy measure for a given psychiatric disorder, we
first must form a consensus about the types of itemsthat should
be included in the EMA scales, the frequency and duration of
assessments, and the types of analytical approachesthat will be
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used to interpret the data. The FDA would be unlikely to accept
an EMA-based primary outcome measure over existing efficacy
end point measures without standardization across multiplefield
trials in different populations. These data should then clearly
establish test-retest reliability, external validity, and other
parameters necessary to validate an EMA scale.

Conclusions

Moving from clinician-administered rating scales toward
real-time patient-reported measures such as EMA offers
significant advantages across medical settings. In clinical
research studies, EMA may reduce placebo response and
increase intervention-placebo separation. EMA aso offers an
obvious advantage over clinician-administered rating scalesin
inpatient and community settings given that time, cost, and staff
pressures make use of the latter measure impractical. In
community and inpatient settings, EMA can be used to identify
individual factors leading to relapse, provide a more accurate
picture of how apatient has been doing between clinical visits,
and link real-world functional outcome measures over time (eg,
rates of rehospitalization, days lost because of disability, and
likelihood of self-harm) to scores on EMA scales. Finadly,
interventions are rapidly being introduced and delivered via
smartphone. EMA may offer the best way to assessintervention
acceptability and efficacy, creating the opportunity to
personalize treatments with real-time adaptation. For these
reasons, EMA is poised not only to replace
clinician-administered rating scalesin research settings but also
to increase accessibility of EMA measures to the patients and
health care providers in clinical settings, ultimately allowing
real-world clinical settings to contribute meaningful data to
research and development of new interventions.

Overadl, we believe that the continued use of
clinician-administered retrospective self-report assessmentsin
clinical trials contributes significantly to observed treatment
failures and sguanders innovative potential. As we have
described, the instruments currently being used are too broad
to adequately assess outcomes, suffer from poor interrater
reliability, make inappropriate assumptions about how theillness
being studied behaves, and rely on patient recall despite a
sizeable body of research, which cautions against this. EMA
instruments may play an increasingly important role in
addressing the disparity between the need for and investment
in novel mental health treatments. Self-report assessment via
EMA addressesthe limitations of traditional assessment methods
but has not yet made its way into large multisite clinical trials
sponsored by the industry. Although the FDA's recent efforts
to advance mobile technology in clinical trials [79] represents
an important first step, iterative testing of standardized
EMA-déelivered instruments to assess primary outcomes in
clinical research is still needed.
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Abstract

Background: Excessive stress has a hegative impact on many aspects of life for both individuals and societies, from studying
and working to health and well-being. Each individua hastheir unique level of stress-proneness, and positive or negative outcomes
of stress may be affected by it. Technology-ai ded interventions have potential efficacy in the self-management of stress. However,
current Web-based or mobile stress management solutions may not reach the individuals that would need them the most, that is,
stress-sensitive people.

Objective: The aim of this study was to examine how personality is associated with stress among Finnish university students
and their interest to use apps that help in managing stress.

Methods: We used 2 structured online questionnaires (combined, n=1001) that were advertised in the University of Helsinki’'s
mailing lists. Thefirst questionnaire (n=635) was used to investigate intercorrel ations between the Big Five personality variables
(neuroticism, extraversion, openness, agreeableness, and conscientiousness) and other stress-related background variables. The
second questionnaire (N=366) was used to study intercorrelations between the above-mentioned study variables and interest in
using stress management apps.

Results: The quantitative findings of the first questionnaire showed that higher levels of extraversion, agreeableness, and
conscientiousness were associated with lower self-reported stress. Neuroticism, in turn, was found to be strongly associated with
rumination, anxiety, and depression. The findings of the second questionnaire indicated that individuals characterized by the Big
Five personality traits of neuroticism and agreeablenesswere particularly interested to use stress management apps (r=.27, P<.001
and r=.11, P=.032, respectively). Moreover, the binary logistic regression analysis revealed that when a person’s neuroticism is
one SD above average (ie, it is higher than among 84% of people), the person has roughly 2 times higher odds of being interested
in using a stress management app. Respectively, when a person’s agreeableness is one SD above average, the person has almost
1.4 times higher odds of being interested in using a stress management app.

Conclusions: Our resultsindicated that personality traits may have an influence on the adoption interest of stress management
apps. Individuals with high neuraticism are, according to our results, adaptive in the sense that they are interested in using stress
management apps that may benefit them. On the contrary, low agreeableness may lead to lower interest to use the mobile stress
management apps. The practical implication isthat future mobile stressinterventions should meaningfully be adjusted to improve
user engagement and support health even among less-motivated users, for instance, to successfully engage individuals with low
agreeableness.

(JMIR Ment Health 2019;6(5):€10039) doi:10.2196/10039
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Introduction

Background

The word stress has often somewhat differing definitions if it
isused in ascientific compared with a colloquial context. From
a physiological perspective, it generaly refers to the loss of
homeostasis of an organism [1]. Stress may have negative
outcomes if it lasts too long or is too strong. On the contrary,
stress may be beneficia if it is experienced in moderation
relative to individual stress-sensitivity (eg, personality) and
contextual features. Balancing the stress faced from the
environment is a vital challenge, and thus, it is not surprising
that stress is a major issue for well-being, health, and even
proper functioning of the individual [2].

Stress is often referred to as if it exists in the environment per
se, although it is not typically an objective feature of a specific
environment. Instead, stressreactivity consistsof anindividua’s
perception of an environment and their reactiontoit [3,4]. Some
individuals are more prone to stress than others, thus enabling
measurement of individual stress pronenessviapersonality and
other features as well as coping styles. Personality and other
descriptions of thought and behavior styles do not exist in a
vacuum; they often become more self-evident after we
understand the real-world consequences arising from them.

Per sonality and Stress Proneness

Personality and temperament are defined as characteristic
patterns of thoughts, feelings, and behaviors over time and
acrosssituations[5]. Thesetraitsarerelatively stable across age
groups, cultures, and time [6]. In addition, mood inductions
have little effect on personality inventory scores[7]. Personality
has been shown to affect exposure to a stressor, influencing the
nature and severity of stressor experiences[5,8,9].

Possibly, the most commonly accepted model for describing
personality is currently the 5-factor model called Big Five
[10,11]: it consists of 5 globa factors of neuroticism (N),
extraversion (E), openness to experience (O), agreeableness
(A), and conscientiousness (C). In general, high scores of
neuroticism are linked with emotiona instability and
anxiousness; high scores of extraversion are linked with
socializing and impulsiveness; high scores of openness are
linked with creativeness and artistry; high scores of
agreeableness are linked with trustworthiness and
co-cooperativeness; and high scores of conscientiousness are
linked with being hardworking and vigilance [11].

Furthermore, people differ greatly in their stress proneness and
coping styles. Lazarus and Folkman [12] have argued that the
major determinant of coping responsesis the perception of the
situation by the individual. Coping has been described as
“personality in action under stress’ [13], and people have been
shown to develop habitual methods of dealing with stressors
[12]. The process of coping is seen to consist of efforts made
to manage a stressful situation so that it becomes less stressful
[12], and coping strategies are seen as categories of behavior

https://mental.jmir.org/2019/5/€10039/

in response to stressful events [14]. All Big Five traits have
been shown to be associated with specific coping strategies[5].
In recent years, it hasincreasingly been proposed that different
coping strategies actually overlap with personality dimensions,
and thus, they should not be treated separately but rather astrait
complexes. Furthermore, personality may influence the ability
toimplement the chosen strategy and its degree of effectiveness
[5,8,9].

In general, the personality trait of neuroticism and rumination
isknown to be associated with negative, stress-related conditions
such as depression and anxiety [15,16]. Of the key features of
depressive symptoms and stress states resembling depression,
1is often related to repetitive negative thinking. This constant
rethinking of adverse events or thoughts is called rumination
[17]. All people experience traumatic and stressful experiences
in their lives, but some people will fixate on bad memories,
thinking about them continual ly, thus creating a constant internal
stress for themselves. Thinking about the stressful experience
might seem like away to reduce stress and anxiety, but in fact,
ruminating tends to increase rumination itself.

The importance and influence of personality traits over an
individual’s stress proneness, coping processes, health, and
health behavior have been confirmed in several previous studies
[18-20]. For instance, an earlier study [21] regarding the
associations between personality and key health behaviors
indicated that highly conscientiousindividual s had more positive
health behavior, such as exercising. People with high levels of
extraversion, on the contrary, were associated with risky health
behavior, such as cigarette smoking and alcohol drinking. The
personality trait of conscientiousness is established to be
associated with outcomes that are dependent on persistently
working on something over the long run, eg, education [22].
Ferguson [23] provided a comprehensive review and a
theoretical model to better understand interrelationships of
personality, coping, health, and health behavior.

Tailoring to Increase | ntervention Effectiveness

Psychological interventions aretypically resource-intensive and
thus expensive. Technological approaches for delivering
psychological interventions may increase their access and
sustainability by being, among other things, less costly. They
may extend the effective time beyond atherapy session or even
replace some of the other treatment options [24]. Hence, the
potential of technology toolsin self-management of stress seems
considerable owing to their cost-effectiveness and scalability
[25].

Especially, mobile phones hold a great promise as an
intervention delivery tool because they enable deeper integration
into users everyday lives [26]. Thus, it seems feasible to
implement health interventions using mobile technology;
participants have demonstrated adequate compliance with the
treatment protocol and have described momentary interventions
as a credible and acceptable form of treatment [27]. Earlier
researches have already noted that mental health interventions
delivered through mobile apps can be effective in treating a
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range of mental health problems, such as depression, stress, and
anxiety [28]. The use of mobile apps has been shown to enhance
the sense of comfort and acceptance of theintervention [29,30].

However, mobile intervention solutions have not sufficiently
taken into account the differences between individual users.
Tailoring refers to the system autonomously performing the
tailoring of personally relevant content without any direct user
intervention through applying a preselected self-management
strategy [27]. Technology-based systems can automatically
tailor intervention content based on characteristics or
information provided by individuals during preintervention or
momentary assessments. Tail oring and smooth interaction with
daily life appear to be more important for long-term adherence
and beneficial outcomes than a multitude of options[31,32]. It
has been shown that tailoring the content of health messages
based on individual characteristics can improve message
acceptance and willingness to change [33,34]. Furthermore,
personally relevant content and tools may lead to better
adherence and more lasting effects, especially in preventive
programs [35,36].

Research Questions

Personality influences peopl€’s decision-making processes, and
information about personality can be utilized in designing health
apps [30]. We selected study variables known to be associated
with stress reactivity, everyday emotions, and outcomes of
long-term stress. Our online questionnaires included questions
about personality, other processing styles of everyday
information (rumination, self-reflection, and self-directedness),
depressive symptoms, anxiety, coping styles, health status, and
interest in using stress management apps. Relevant personal
information about coping, personality, and related variables
could be useful in tailoring individua interventions for better
self-management of stress[37].

Personality and other traitsinvolving stressreactivity and stress
proneness may be useful in understanding the following
empirical questionsthat arerelevant for interventions, especialy
mobileinterventions: (1) who are the individuals reporting most
health and mental health problems, (2) who are most likely to
start participating in an intervention, (3) who are most likely to
continue participating in an intervention, (4) who are the ones
benefitting the most from interventions, and (5) how could
feedback and other features be tailored according to individual
differences. The research variables and research questions of
the study were designed to answer, when suitable, as many of
these questions as possible.

With this exploratory study, we were interested in finding
answers to the following questions:

Ervasti et d

1 How are an individual's personality and stress-related
background variables associated with (1) each other and
(2) health and mental health variables?

2. How are the individual’s personality and stress-related
background variables linked to the interest to use stress
management apps?

Methods

Data Collection

We approached our research questions in an exploratory way,
starting from the existing research and theories and then
examining how peopl€e’s personality is related to stress and to
their interest to use apps that help in stress management. Data
were collected via 2 online questionnaires. The study was
performed in accordance with ethical guidelines and it was
reviewed by the Ethics Review Board in humanities and social
and behavior sciences of the University of Helsinki. Table 1
presents a summary of the data.

The Big Five personality variables were assessed using the
Neuroticism, Extraversion, Openness-Five-Factor Inventory
(NEO-FFI) [38]. NEO-FFI is a shorter version of the Revised
NEO Personality Inventory, and it contains 5 subsections that
assess the factors of neuroticism, extraversion, openness to
experience, agreeableness, and conscientiousness. Thereare 12
items per subsection, for atotal of 60 items. Participants were
asked to indicate their responseto each item on a5-point Likert
scale ranging from strongly disagree (1) to strongly agree (5).
Higher scores indicated higher levels of each personaity
dimension.

Self-reported stress was studied with a single item stress
guestion and a description of stress (trandation: “ Stress means
a situation in which a person feels tense, restless, nervous or
anxious or is unable to sleep at night because his’her mind is
troubled all the time. Do you feel this kind of stress these
days?’) [39]. Depressive symptoms were assessed using the
Center for Epidemiologic Studies Depression Scae
guestionnaire [40], and anxiety was assessed using the
Generalized Anxiety Disorder questionnaire [41]. Rumination
tendency was explored through the questionnaire devised by
Elliot and Coker [42].

Moreover, the online questionnaire included basic queries about
background information (eg, gender, age, education, work,
social, and health status). The following questions were asked
regarding the perceived usage activity of mobile apps and
interest in using novel mobile apps: “Do you have a mobile
phone?,” “Do you consider yourself as an active user of mobile
application?,” and “Are you interested in using novel mobile
applications on adaily basis?’

Table 1. Summary of data collection methods, numbers of participants, and goals of studies 1 and 2.

Data collection method Participants Goal of study

Study 1: structured online questionnaire 635 university students To gain knowledge of thelinks between personality traits and stress-rel ated
mental disturbances such as depressive symptoms, anxiety, and rumination

Study 2: structured online questionnaire 366 university students To explore how peopl€e'sinterests for usage of technology-aided stress

management solutions are related to their personality, stress proneness,
depressive symptoms, and rumination
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The second online questionnaire was otherwise similar, but it
was somewhat improved by adding a few questions based on
insights gained through the first survey round. The questions
added to Study 2 were the following: “What kinds of stress
management or relieving methods you are using?’, “Do you
have previous experience on well-being applications?’, “If yes,
what kind of application you have used?’, and “Are you
interested in using a self-management application for managing
stress?”’

Apart from the previously mentioned items and questionnaire,
Siegrist’s work stress measure (effort-reward imbalance, ERI)
[43] wasincluded in the questionnaires but was not used in this
study. The sample consisted of mostly full-time students, the
resulting ERI was less suitable for the sample. In addition to
having few people actually reporting their work stress, the
personswho reported the ERI were not likely full-time workers
in professions that would match their educational background.
Thus, the ERI was deemed as not suitable for this study.

The quantitative analysis of the questionnaire data was
performed with IBM SPSS Statistics software. The Pearson
correlation coefficient was used in the analyses.

Study 1: First Online Questionnaire

The structured online questionnaire was used with the purpose
of reaching alarge sample of respondents representing afairly
heterogeneous group of individuals. Participants (n=635) were
voluntarily recruited from the University of Helsinki, Finland,
by sending an invitation viaemail to several of the distribution
lists of university students in November 2014. The invitation
contained a link to an electronic questionnaire, which was
provided by the University’s Web service, E-lomake. Over 99%
of the respondents responded within 14 days of the questionnaire
being accessed.

Most of the respondents were female (86.9%; 552/635) and
full-time students (79.5%; 505/635). Most of the respondents
were 26 years or younger (69.0%; 438/635), and the age range
was 18 to 62 years. All respondents responded in Finnish. It
may be useful to clarify that there are practically no ethnic
minorities among the Finnish-speaking studentsin the University
of Helsinki; apart from Swedish-speaking Finnsand potentially
adopted children, there were no minoritiesin the sample or their
number was extremely small (<1%). Thus, no further
information regarding ethnicity is provided.

The socioeconomic background of the sample was relatively
evenly spread; 25.4% (161/635) reported their family
background asworking class, 49.0% (311/635) asmiddleclass,
23.6% (150/635) as upper middle class, and 1.9% (12/635) as
upper class. Of the whole sample, 23.3% (148/635) had had a
diagnosis of clinical depression at some point in their livesand
7.2% (46/635) were currently clinically depressed. Altogether,
14.3% (91/635) of the respondents reported having worse or
much worse health than average people of their age, whereas
33.4% (212/635) reported having better or much better health
than the average person of their age. Moreover, 22.5% (143/635)
of respondents reported having difficulties quite often or often
in making ends meet (=not having enough money). Of the
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respondents, 14.0% (89/635) reported being rather dissatisfied
or very dissatisfied with their lives.

More than half of the respondents considered themselves as
active mobile app users (56.1%; 356/635), and nearly half were
interested in using novel mobile apps on a daily basis (49.1%;
312/635).

Study 2: Second Online Questionnaire

The second online questionnaire (N=366) was similar to the
Study 1 questionnaire except for the 4 supplementary questions
concerning stress management and experience of well-being
apps as presented in the Data Collection section. The data
collection and analysis methods were similar to the first study.
Email invitations were sent in February 2015. Over 97% of the
respondents responded within 14 days of opening the
guestionnaire.

Most of the respondents were female (83.9%; 308/366) and
full-time students (74.8%; 274/366). The age range was 19 to
56 years, with the majority of respondents being 30 years or
younger (n=304; 83.0%; 304/366). Slightly over half of the
respondents considered themselves as active mobile app users
(57.1%,; 209/366), and nearly half reported being interested in
using novel mobile apps on a daily basis (45.9%; 168/366).
Ethnicity information is similar to that in Study 1; either there
were basically no ethnic minoritiesin the sample or their number
was extremely small (<1%).

Aswith Study 1, the socioeconomic background of the sample
was relatively evenly spread; 24.9% (91/366) reported their
family background asworking class, 46.7% (171/366) asmiddle
class, 26.8% (98/366) as upper middle class, and 1.6% (6/366)
as upper class. Of the whole sample, 23.0% (84/366) had had
a diagnosis of clinical depression at some point in their lives
and 5.4% were currently clinically depressed. In addition, 17.5%
(64/366) of the respondents reported worse or much worse health
than average people of their age, whereas 35.6% (130/366)
reported better or much better health than the average person
of their age. Altogether, 23.0% (84/366) of respondentsreported
having difficulties quite often or often in making ends meset
(=not having enough money). Moreover, 12.3% (45/366) of
respondents described being rather dissatisfied or very
dissatisfied with their lives.

Every fifth respondent (20.8%; 76/366) had previous experience
with well-being apps, and 55.5% (203/366) stated that they
would beinterested in using apps geared to stress management.

Results

Findings From Study 1

In the first questionnaire round, we investigated correlations
between the Big Five personality dimensions and other
stress-related variables. The correlations are presented in
Multimedia Appendix 1.

Neuroticism was strongly associated with rumination, anxiety,
and depressive symptoms. People with higher neuroticism
reported more stress and were more likely to have a diagnosis
of clinical depression. Furthermore, higher neuroticism was
associated with lower happiness and being less content in the
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current life situation. Higher neuroticism was also associated
with a history of absences from work or similar duties for
psychological reasons and worry about the financial situation
and was negatively associated with social statusin society and
personal health situation.

Extraversion had a strong negative association with anxiety,
depressive symptoms, and rumination. Furthermore, extraversion
seemed to be associated with ahigher level of happinessin the
current life situation and social status together with the
prevailing health situation.

People characterized by the personality trait of agreeableness
were discovered to have a lower tendency for rumination,
self-reported stress, depressive symptoms, and anxiety. This
personality trait appeared to also be associated with general
happinessin life aswell aswith satisfaction with current social
status, health, and financial situation.

Conscientiousness had a positive association with happinessin
life, social status, and health situation. However, it was
negatively associated with the perceived financial situation.
Thispersonality trait was negatively associated with rumination,
anxiety, depressive symptoms, and self-reported stress.

The personality trait of openness to experience was positively
associated with satisfaction with one's life and financia
situation, and interestingly, people characterized by openness
appeared to be more prone to self-reported stress and absences
from work owing to psychological reasons.

Findings From Study 2

We investigated how a person’s characteristics correspond to
actual interest to use stress management apps and whether it
would be possible to distinguish a potential user population
with specific personality traits and stress proneness. This was
initially evaluated by correlating questionnaire variables with
the survey question “Are you interested in using applications
that help in stress management?;” significant correlations are
presented in Table 2.

The correlation analysis revealed that previous stressful life
events, current self-reported stress, diagnosed depression, history
of absencesfrom work for psychological reasons, and previous
experience of psychological treatment were significantly related
to interest for stress management app use. Thus, individuals
who are stressed and depressed appear to be the most in need
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of the app. Furthermore, current health situation, financial
situation, and perceived general happiness in the current life
situation were correlated with stress management app usage
interest. Stress proneness and perceived past stressful life events
and current self-reported stress therefore appear to be associated
with higher levels of acceptance of astress management solution
and with the interest to use the technol ogy.

Rumination, anxiety, and depressive symptoms were
significantly associated with usage interest. Individuals
characterized by the Big Five personality traits of neuroticism
and agreeableness appeared to have a significant positive
association with interest to use stress management apps, with
r=.27 and .11, respectively. Thefirst questionnaire round already
identified the strong correlation between neuroticism and the
tendency for rumination and depressive symptoms, among
others.

We also examined whether respondents general interest in
using novel mobile apps on a daily basis and previous
experience of using well-being apps correlated with personality
and stress-related background variables. Interestingly, no
significant correlations emerged between these variables.

Owing to associations with neuroticism and other personality
traits, the associations between the coping styles, rumination,
and other variables shown in Table 2, and the dependent
variables, were not statistically significant in the combined
model of logistic regression analysis (P>.05). The conducted
analysis did not include coping styles and rumination for said
reasons. The binary logistic regression analysis included
standardized values for covariates of personality traits (N, E,
A, C, and O), sex and age. The regression analysis showed
statistically significant associations between the interest to use
stress management apps and neuroticism (P<.001) and
agreeableness (P=.010). When a person’s neuroticism is one
SD above the mean, that is, larger than among 68% of the
people, he or she has 2.036 times higher odds (95% CI 1.543
to 2.687) to be interested in using stress management apps.
Respectively, when a person’s agreeableness is higher than the
mean by one SD, the person has 1.379 higher odds to be
interested in using stress management apps (95% CI 1.081 to
1.758). Sex did not have a significant association with the
interest in using stress management apps, when anaysed
together with the said personality traits and age.
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Table 2. Intercorrelations between Study 2 variables and interest to use stress management apps. Significant associations are indicated in italics.

Variable Interest in using novel mobile apps on a Interest in using stress management app

daily basis

rvalue P value rvalue P value
Age -.05 .35 -.02 .78
Happiness -.11 .03 -.11 .04
Socia status -.01 .86 -.05 .38
Financial situation A1 .03 15 .003
Hedlth situation -.06 .29 -.16 .002
Rumination .03 .63 A9 <.001
Self-reported stress .02 .73 .24 <.001
Stressful and hard life-event within past 5 years .06 22 .16 .002
Reaction to thislife-event with along-term reduction of  -.04 43 -.13 .01
performance
Absence from work for psychological reasons .04 A4 17 <.001
Professional help for psychological problems .03 .56 .18 <.001
Depressive symptoms .07 .16 19 <.001
Anxiety .08 14 .8 <.001
Neuroticism .05 .38 .27 <.001
Extraversion .08 .15 .01 .90
Agreeableness .00 >.99 A1 .03
Conscientiousness -.11 .04 -.09 .09
Openness to experience .08 15 .01 .80

Discussion

Research Question 1: Personality’sInfluenceon Stress
Proneness and Coping (Study 1)

Thefindings of thefirst questionnaire revealed that, as expected,
neuroticism was strongly linked to rumination, anxiety, and
depressive symptoms. Furthermore, people characterized by
neuroticism experienced more self-reported stress and reported
being less happy and content in their current life situation,
consistent with previous research [5]. Thus, the study population
was similar to other populations studied with the said variables.

Extraversion may act as a protective factor for stress-related
disorders because it was associated negatively with anxiety,
depressive symptoms, and rumination. This finding is also
congruent with the results of Takano and Tanno [16] and
Bunevicius et a [22], who showed that higher levels of
extraversion are negatively associated with stress. Agreeableness
was found to diminish the tendency for rumination, self-reported
stress, depressive symptoms, and anxiety. Conscientiousness
was associated positively with happinessin life, social status,
and health situation. In addition, conscientiousness associated
negatively with rumination, anxiety, depressive symptoms, and
self-reported stress. Openness to experience was positively
associated with satisfaction with one's financia situation and,
perhaps surprisingly, with self-reported stress and abbsence from
work for psychological reasons. Overall, higher levels of
extraversion, agreeableness, and conscientiousness were
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associated with lower self-reported stress, thus providing
possible benefits for stress outcomes.

Resear ch Question 2: Stress Management App Usage
Interests (Study 2)

After the initial correlation analysis, we conducted a binary
logistic regression analysis with standardized variables. The
results of the analysis suggested that individuals characterized
by the Big Five personality traits of neuroticism and
agreeableness are more likely interested to use stress
management apps. People with higher neuroticism (or lower
emotional stability), being more stress-sensitive, seem to be
adaptive in this regard. When it comes to interest in stress
management apps, their personal topics of interest coincidewith
their own benefit. On the contrary, higher agreeableness could
increase the odds of being interested in using stressintervention
software. Odds ratio between neuroticism and usage interest
indicated that increase by one SD of neuroticism is associated
with 2.036 times higher odds to be interested in using stress
management apps. Respectively, the odds ratio between usage
interest and agreeableness was 1.379. This is a particularly
interesting finding as neuroticism and agreeableness were found
to be negatively associated (r=-.24, P<.001). Thus, there are
likely to be subgroups of people who would benefit from astress
management app but who are inhibited by being interested in
using them by some other trait, such asavery low agreeableness.

The findings support earlier research showing that personality
traits are important contributors to technology acceptance [44].
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For instance, the tolerant and cooperative nature of agreeable
people makes them easier to accept new technol ogies, in general
[45]. However, the possible impact of personality traits on the
adoption of mobile apps has been shown to differ between
different app categories [46]. Our findings suggest that
especiadly individuals with high agreeableness and high
neuroticism are more likely to be interested in using mobile
stress management solutions.

Earlier research has emphasized theimportance of gaining deep
insightsinto aperson’s personality, stress proneness, and coping
strategies [14]. Another consideration should be to avoid
burdening the userswith data collection activities, instead using
the data aready collected [47]. Previous studies have shown
that people may avoid attending face-to-face therapy as mental
health problems and ilInesses are still ataboo for many people.
In thefuture, mobile stress self-management tool s could be used
in combination with traditional care as people who suffer from
depressive symptoms or related conditions could benefit from
external motivation to encourage themselves to use
self-management solutionsfor relieving their mental symptoms
[48]. In addition, people’s attitudes toward mobile phones as
monitoring and self-management tools for mental health have
been shown to be positive [49,50].

The findings suggest that tailoring the content of interventions
according to personality and personal needsis essential to make
digita interventions more personaly relevant. Greater
practitioner and end-user involvement in the co-design process
would help avoid a mismatch between technology and the
designated context of use [51,52]. Tailoring should not be done
on a superficial level but should take into account the user’'s
personal situation and psychological needs. Tailored messages
have proven to improve intervention acceptance and efficacy,
thusincreasing the willingnessto change and boosting treatment
adherence and engagement rates [34,53].

Limitations and Future Work

There are some noteworthy limitations in this study. As an
exploratory study, the findings cannot be generalized too widely.
Our respondents do not reflect the average population because
the mgjority of the questionnaire respondents were full-time
students and women aged under 30 years. To further complicate
our study on the feasibility and validity of profiling survey
respondents, personality appearsto be more strongly associated
with coping in young samples|[5]. Stress coping strategies seem
to change over time as responses to stress are driven more
strongly by temperament in younger individuals [5]. Gender
may also moderate relations between personality and coping
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styles owing to sex differences in the types of stressors
experienced [54]. Another important aspect to consider is that
the study was conducted among Finnish people. As attitudes
toward stress and personality variables may differ between
cultures, the findings may not be directly transferrable to other
cultural settings. It is possible that the characteristics of our
respondent population influenced the results, asthey are by no
means representative of all adults. Our results should be further
investigated and confirmed in more diverse populations. In
addition, multiple correlations were analyzed and presented
simultaneoudly in the results, which might itself be somewhat
problematic. On the contrary, the significances of correlations
wererelatively high and the resultswerelogical andin linewith
each other and with previous findings, with no large outliers.
Thus, the results may be considered relatively reliable in that
sense.

Our future work will focus on developing a stress management
app that supports users in their everyday life with personally
meaningful interventions. It would be beneficial to highlight
and create more personalized solutions for the groupsthat could
benefit from stress-reduction interventions but who have other
traits that make their interest less likely, such as people at the
higher end of neuroticism and very low agreeableness.
According to previous research, individuals characterized by
different personality dimensions are accustomed to using
different coping strategies. We hypothesized that after having
identified the user’s personality, we could define distinct user
profiles and identify preferred coping strategies and
intervention(s). Thus, we plan to merge user profiles and
characteristic coping styles to validate the approach of
automatically determining and tailoring the content of maobile
interventions.

Conclusions

This study serves as a basis for a mobile service devel opment
process helping to derive design implications for a stress
management solution that would be effective and acceptable.
We studied how personality is associated with stress among
Finnish university students and how personality may influence
on an individua’s interest to use a self-management app for
managing stress. According to our findings, individuals
characterized by the personality traits of neuroticism and
agreeableness are more likely to be interested to use stress
management apps. These findings suggest that stress
management apps should consider tailoring content based on
the user's personality or similar constructs to enhance user
adherence and engagement. However, further research on how
to best accomplish thisis needed.
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Intercorrelations (r value; P value) between Study 1 variables.
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Abstract

Background: Work-related stress is widespread among employees and associated with high costs for German society.
Internet-based stress management interventions (iISMIs) are effective in reducing such stress. However, evidence for their
cost-effectivenessis scant.

Objective: Theaim of this study was to assess the cost-effectiveness of aguided iSMI for employees.

Methods: A sample of 264 employees with elevated symptoms of perceived stress (Perceived Stress Scale>22) was assigned
to either theiSMI or awaitlist control condition (WL C) with unrestricted accessto treatment as usual. Participants were recruited
in Germany in 2013 and followed through 2014, and data were analyzed in 2017. TheiSMI consisted of 7 sessions plus 1 booster
session. It was based on problem-solving therapy and emotion regulation techniques. Costs were measured from the societal
perspective, including all direct and indirect medical costs. We performed a cost-effectiveness analysis and a cost-utility analysis
relating coststo a symptom-free person and quality-adjusted life years (QALY s) gained, respectively. Sampling uncertainty was
handled using nonparametric bootstrapping (N=5000).

Results:  When the society is not willing to pay anything to get an additional symptom-free person (eg, willingness-to-pay
[WTP]=€0), there was a 70% probability that the intervention is more cost-effective than WL C. This probability roseto 85% and
93% when the society is willing to pay €1000 and €2000, respectively, for achieving an additional symptom-free person. The
cost-utility analysis yielded a 76% probability that the intervention is more cost-effective than WLC at a conservative WTP
threshold of €20,000 (US $25,800) per QALY gained.

Conclusions: Offering aniSMI to stressed empl oyees has an acceptable likelihood of being cost-effective compared with WLC.
Trial Registration: German Clinical Trials Register DRK S00004749; https://www.drks.de/DRK S00004749
International Registered Report Identifier (IRRID): RR2-10.1186/1471-2458-13-655
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Introduction

Background

Up to 27% of the workforce in Europe suffers from elevated
stresslevels[1]. According to the effort-reward imbal ance model
[2] and the job demand-control model [3] situations
characterized by an imbalance between high effort (eg,
workload) and low reward (eg, job insecurity) or high demand
and low job decision latitude lead to high levels of strain. This
strain is known to be a risk factor for psychologica and
physiological health consequences such as sleeping problems
[4], mental health problems|[5], cardiovascular disease[6], and
chronic pain [7]. Consequently, the resulting economic burden
dueto productivity losses (eg, sick leave) [8] and higher health
care consumption and out-of-pocket payments is substantial
[9-11]. The estimated costs of work-related stress range from
US $221.13 million to US $187 billion and therefore impose a
tremendous burden on society [12]. Psychological interventions
can be effective in reducing stress [13], but the availability of
face-to-face treatments is limited [14]. Web-based and
mobile-based interventions have been proposed to overcome
the limitations of traditional face-to-face interventions. Such
interventions are low-threshold interventions, are available 24/7,
and are associated with low costs [15].

In arecent meta-analysis, it has been shown that internet-based
stress management interventions (iSM1s) are effective with an
effect size of d=0.43 (95% CI 0.31-0.51) on perceived stress
[16] and a small effect on depression and anxiety, but lack
evidence regarding cost-effectiveness.  Internet-based
interventions are often argued to be cost-effective, yet there
existslittle evidence. Donker et al [17] found that internet-based
interventions for common mental heath disorders have a
considerable probability of being more cost-effective when
compared with control groups. Most health economic outcome
studies evaluated internet-based interventions for alcohol
consumption [18], smoking cessation [19], anxiety [20], and
depression [17,21]. Hedman et al compared an iSMI with an
internet-based cognitive behavior therapy (iCBT) for treatment
of health anxiety, where theiSMI resulted in lower costs[22].

Objectives
To our knowledge, there exist no cost-effectiveness and
cost-utility analyses of iSMIs from the societal perspective.

Thus our aim was to establish the cost-effectiveness and
cost-utility of thisiSMI for employees.

Methods

Design

This study isahealth-economic evaluation with a6-month time
horizon from a societal perspective alongside a 2-arm
randomized controlled trial (RCT) in Germany to establish the
cost-effectiveness and cost-utility of an iSMI for employees

https://mental.jmir.org/2019/5/€10866/

with elevated work-related stress in combination with usual
care compared with a waitlist control condition (WLC) with
access to treatment as usual [23]. The present health-economic
evaluation followed guidelines from the International Society
for  Pharmacoeconomics and  Outcomes Research
RCT-cost-effectiveness analysis Task Force report and the
recommendations of the Consolidated Health Economic
Evaluation Reporting Standard [24,25]. The tria included 264
participants who were randomly allocated in a 1:1 ratio with a
block size of 2 to either iSMI or WLC. An independent
researcher not otherwise involved in the study performed the
randomization using randomization software (Randlist, Datinf
GmbH) [26]. Participants were included in the study if they
were 18 years or older, currently employed, and scored 22 or
above on the Perceived Stress Scale (PSS-10). One SD (SD 6.2)
above the mean (PSS-10=15.3) in a large working population
[27] was chosen as a cut-off value to select participants with an
elevated level of stress. The exclusion criteriawereto be at risk
of suicide or dissociative symptoms or having been diagnosed
with a psychosis. The Ethics Committee of the
Philipps-University of Marburg, Germany, approved the study.
The trial was registered (DRKS00004749) in the German
Clinical Trials Register.

Intervention

The most popular modelsto explain work-related stress are the
effort-reward imbalance and the job demand-control model.
According to the effort-reward imbalance mode [2],
work-related stressis generated by high effort (eg, pace of work
and workload) and low reward received in return (eg, inadequate
salary, promotion prospects, and job security). The job
demand-control model [3] identifies high demand (eg, high
workload) and low job decision latitude (eg, autonomy and
control over the job) as factors that lead to high levels of job
strain. Thisstrain isknown to be arisk factor for adverse health
consequences, such asmental health problems|[5], chronic pain
[7], and cardiovascular disease[6]. Ideally, job strain should be
reduced by changing adverse working conditions such as small
rooms and bad equipment. As changing these may be difficult,
stressors on an individual level such as inadequate coping
strategies can also be addressed. Interventions based on
Lazarus's transactional model aim to empower the individual
to reduce or modify problems at work (ie, high effort, low
rewards, or low decision latitudes). This model identifies 2
strategies of coping with stressors: problem-oriented coping, to
actively change or adapt stressors, and emotion-oriented coping,
to cope with negative emotions dueto stressors at the workplace.
Thus, theiSMI isbased on 2 main components: problem solving
and emotion regulation. Problem solving is an evidence-based
method for dealing with such problems and has been proven to
be successful in improving mental heath [28]. However,
employees arefrequently faced with unsolvable problems, which
are associated with strong negative affective reactions and
require effective regulation strategies. |mprovement of emotion
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regulation skills has been shown to be both promising for
reducing psychopathological symptoms [29] and a mechanism
of change in previous studies using thisiSMI [30]. Deficitsin
emotion regulation may aso be an important factor for the
development and persistence of mental health symptoms [31].
Yet, emotion-focused coping is regarded as the forgotten
component, whereas problem-focused coping by means of
problem-solving techniquesis awell-established component of
most coghitive-behavioral stress management trainings.

The iSMI is based on Lazarus's transactional model of stress
and includes problem solving and emotion regulation. The
intervention consists of 8 sessions composed of modules for
psycho-education (session 1), problem solving (sessions 2 and
3), emotion regulation (sessions 4-6), planning for the future
(session 7), and a booster session (session 8). In addition,
participants could choose optional modules covering different
topics, for example, time management, rumination and worrying,
psychological detachment from work, and sleep hygiene. Each
module takes approximately 45 to 60 min to complete.
Participants were advised to complete 1 to 2 modul es per week.
Transfer tasks such as homework assignments were integrated
into the intervention to hel p participantsintegrate learned skills
into daily life. Participants received nontherapeutic feedback
by an e-Coach after each completed module. E-Coaches had a
degree in psychology, and feedbacks were based on a
standardized manual on feedback writing. Participants could
also opt in for an additional text message coach along theiSMI
(eg, short relaxation exercises). A detailed description of the
iSMI can be found elsewhere [32]. The clinical effectiveness
of the iISMI has been positively evaluated in a series of RCTs
[23,30,31,33,34].

Outcome M easures

Self-reported measures of stressand social functioning (PSS-10
and Short-Form Six-Dimension; SF-6D) were collected at
baseline (T1), post treatment (T2; 7 weeks after randomization),
and 6-month follow-up (T3) using a secured Web-based
assessment system (AES, 256-bit encrypted).

Clinical Outcome

Thelevel of perceived stresswas measured by the PSS-10 [27].
Cronbach alphasindicated that the internal consistency ranged
from .70 to .91 over different measurement pointsin this study
[30]. Symptom-free status was operationalized as scoring 2 SDs
below the PSS-10 sample mean at T1 (mean 25.52, SD 3.91)
[23,35].

Quality-Adjusted Life Years

Quality-Adjusted Life Years (QALY s) were used asthe primary
outcome in the cost-utility analysis. QALY's were computed
using the SF-6D [36]. A QALY gain of 0.5 indicatesfull health
throughout the 6-month tria period. The SF-6D ismore sensitive
to change in mild conditions than the more commonly used
EQ-5D and was used for the main analysis [37].

Resource Use and Costing

We assessed direct and indirect costs which occurred over the
previous 3 months at baseline, and at 6-month follow-up. All
costswere calculated in Eurosfor the reference year 2013 (index
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factor 1.04 based on the year 2010), referring to the German
consumer price index [38]. Costs were converted to US dollar
using the purchasing power paritiesreported by the Organization
for Economic Cooperation and Devel opment. For the reference
year 2013, €1 was equated to US $1.29.

The Trimbos Institute and Institute of Medica Technology
Questionnaire for Costs Associated with Psychiatric IlIness
(TiC-P) adapted to the German health care system was used
[39]. Thisisawiddly used and reliableinstrument for collecting
self-reported data on health care utilization and productivity
lossesin patientswith mild to moderate mental health conditions
[40-46]. The German version has been used in a number of
health economic evaluations aongside randomized trials
[21,41,42,44]. The standard unit cost prices were multiplied by
the units of resource use for each participant. Multimedia
Appendix 1 presents direct medical and direct nonmedical costs
by health service type. Cumulated costs of the trial were
estimated using the area under curve method to linearly
interpolate 3 months costs as measured at each measurement
point to cover the full follow-up period of 6 months [47].

Health Care Costs

Health care costs were calculated according to the guidelines
of Kraut and Bock et al [48,49]. We included unit costs for a
physician; amedical specialist; psychological services such as
a psychiatrist and psychotherapist; and alied health services
such as physiotherapy, massage, occupational therapy, as well
asinpatient care and rehabilitation.

Medication

Unit costs of prescription drugs were calculated using the
German register for pharmaceutical drugs Rote Liste [50]. The
basis for calculating costs of prescribed medication is the
pharmacy retail price accounting for a specific pharmacy and
manufacture’sdiscount. The discount ratesvary between private
and statutory health insurances [48]. Therefore, we weighted
the mean costs of the 3 largest packages with the same agent
based on the daily defined dose by the statutory popul ation share
(88,80% of the German population are statutorily insured).

I ntervention Costs

The provider (GET.ON Institute GmbH) of the iSMI
intervention GET.ON Stress estimated the current market price
of theintervention at €299 (US $386) per participant. Thisflat
tariff coversall costsfor developing and hosting theintervention
plus coaching of the participants. In general, it was assumed
that every participant owned a computer, had access to the
internet, and used the iSMI in their |leisure time after working
hours. Hence, these costs were not included.

Patient and Family Costs

Partici pants self-reported the cost of their out-of-pocket expenses
(eg, for over-the-counter drugs). Direct nonmedical travel costs
were calculated based on self-reported data that included the
used method of transportation (ie, bus, taxi, or car) and
round-trip distanceto reach health care services. Each kilometer
by car was valued at €0.30 [51]. Time spent by participants
completing the intervention and/or receiving or waiting for
treatment by a physician was considered part of their leisure
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time. The opportunity cost of leisure time, defined as the cost
associated with the next best aternative use of a particular
resource, was valued at €23.10 per hour. This was based on
Bock et a’srecommendations[48], which estimated these costs
based on the average net wage of German employees plustheir
average pension and unemployment insurance contributions.

Costs incurred from a domestic help (help with daily chores)
or production losses resulting from unpaid work such asinformal
care by friends and family were cal culated using the substitution
method. These costs were based on the average gross hourly
wage earned by a domestic worker, as suggested by Bock et a
[48]. Thistime was valued at €18.33 per hour.

Costs of Productivity Losses

Absenteeism costs were calculated by applying the human
capital approach [52]. In doing so, the number of work lossdays
was multiplied by the participant’s average gross daily wage
based on their reported monthly salary. In addition, participants
reported the number of workdays for which they reported lesser
efficiency. On the basis of the Osterhaus method [53], these
days were multiplied by an inefficiency score, which resulted
inlost-workday equivalents dueto presenteeism. Subsequently,
based on self-reported monthly salary, their gross wages per
day were calcul ated and used to cal culate the costs that occurred
due to presenteeism.

Statistical Analysis

This study was powered to detect a mean difference of d=0.35
in the primary outcome (PSS) between the groups at post
measurement. Cost dataare usually heavily skewed to theright,
with large variance requiring very large sample sizesto test the
statistical significance of cost differences. Instead, we adopted
a probabilistic decision-making approach for our economic
analyses [54]. This procedure takes the stochastic uncertainty
of the trial data into account [55] and informs the decision
makers on probabilities rather than statistical significance. Due
to the 6-month follow-up period, no discounting was applied.

All analyses were conducted in accordance with the
intention-to-treat (ITT) principle. Missing clinical outcome data
were imputed using a Markov Chain Monte Carlo multivariate
imputation algorithm with 10 estimations per missing value.

Missing cost datawereimputed using the regression imputation
procedure implemented in Statato obtain the required predicted
values. Predictors of outcome and dropout were identified via
(logigtic) regression. Differencesin PSS score and symptom-free
status between groups were assessed at follow-up using the
Chi-sguare test. At baseline, mean SF-6D utility values were
similar in both groups (WLC: mean 0.65, SD 0.08 and iSMI:
mean 0.65, SD 0.11). Therefore, no baseline adjustments were
made when calculating QALY s. Differencesin QALY sbetween
iSMI and WL C were assessed using independent samplest tests.

Analysis of Cost-Effectiveness and Cost-Utility

For the cost-effectiveness anayses, the incremental
cost-effectiveness ratio (ICER) was calculated as incremental
costs per unit of effect (QALY and symptom-free status).
Symptom-free statusis meaningful for decision makersand was
used as the preferred effect measure as there was no difference
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between beta coefficientsfrom an OL Sregression on the binary
outcome compared with beta coefficients from a linear
probability model in GLM (GLM: beta=.36, P<.001 and OLS:
beta=.36, P<.001).

The ICER was calculated as |CER=(costsgy —COStSyi c)
[(effects g —€ffectsy, c), where costs are the cumulated costs

over the 6-month period and effect are QALY gains or
symptom-free status.

Stochastic uncertainty in the ICER was handled using
nonparametric bootstrapping, which is aresampling technique
applied to the trial data, which generates 5000 simulations of
the ICER. The incremental costs and incremental effects were
obtained under a bootstrapped seemingly unrelated regression
equations model and allowed for correlated residuals of the cost
and effect equations [56]. The 5000 bootstrap replications of
costs and effects were also used to obtain 95% Clsbased on the
percentile method.

In a next step, the simulated ICERs were plotted in a
cost-effectiveness plane. On the plane, incremental effects are
depicted on the horizontal x-axis and the incremental costs on
the vertical y-axis. Each dot in the cost-effectiveness plane
represents 1 bootstrapped | CER.

Thewillingness-to-pay (WTP) threshold reflects the maximum
amount the society would be willing to pay for a health benefit
(eg, a symptom-free person or a QALY gained). Asthe WTP
ceiling for gaining 1 unit of health (eg, gaining 1 QALY or
obtaining symptomatic remission in 1 person) is an unknown
guantity, acost-effectiveness acceptability curve was presented,
which displays the probability of the intervention being
cost-effective for 1 additional unit of health gained at varying
WTP ceilings. All analyseswere performed using Stataversion
13[57].

Sensitivity Analyses

The robustness of the outcomes was assessed using severa
sensitivity analyses. First, we used the EQ-5D-3L (European
Quiality of Life 5 Dimensions 3 Level) instrument [58] for the
calculation of QALY's. Second, there is uncertainty regarding
the cost of theintervention dueto changing demand. Therefore,
we conducted sensitivity analyses assuming higher and lower
interventions costs (+€100). Third, inpatient costs tend to be
very high, but they were only reported by a few participants
(n=9, 3.4%). Such outliers may lead to distorted outcomes
results, so they were removed in the final sensitivity analysis.

Results

Sample

Multimedia Appendix 2 presents the baseline characteristics.
Interested participants were recruited from the general working
population via mass media (eg, newspaper articles and
television) and with the aid of a health insurance company
(BARMER) within their occupational health management
program. An open-access website [59] was used to sign-up for
study participation. The sample predominately consisted of
full-time employed middle-aged women living with a partner.
A comprehensive description of the study sample and the
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participant flow can be found elsewhere [23]. We did not
observe any clinically relevant baseline differences between
study conditions.

Study Dropouts

The study attrition was low: 10.6% (28/264) of participantsdid
not complete the 6-month follow-up assessment. The dropout
rates between the groups, with 12.8% (17/132) in the iSMI
condition and 8.33% (11/132) in the WLC condition, did not

differ significantly (x%=1.4 P=.23).

Outcome M easures

TheiSMI improved by 9.75 (SD 6) PSS-10 stress units between
pre and 6-month follow-up, whereas the WL C improved by 3.0
units (SD 6) PSS. Differences regarding symptom-free status
based on the PSS-10 between groups were assessed at follow-up
(iSMI: 79/132, 59.8%; WL C: 31/132, 23.5%; X*,=35.9; P<.001;
NNT (Number needed to treat) =2.75, 95% Cl 2.11-3.95) [23].
However, the intervention and the WLC did not differ
significantly in terms of SF-6D QALY gains (iSM1=0.35, SD
0.04 vs WLC=0.35, SD 0.35; t,,=—1.625; P=.10).

Costs

At basgline, mean total costs were €3239 (US $4178) in the
iSMI and €3183 (US $4178) inthe WL C, whichisonly asmall
difference of €56 (US $72), indicating that randomization had
resulted in a well-balanced trial. Table 1 presents the average
6-month accumulated per-participant costs by study condition.

Kahlke et a

The costsare clustered into health care costs, patient and family
costs, and costs stemming from productivity losses. After 6
months, total incremental costs were €380 (US $490); thus, the
iSMI group had less costs than WL C (iSMI: €5258 and WLC:
€5642). Health care costs were, on average, higher in theiSMI
group compared with WLC. Hospital admissions were amajor
cost driver. Regarding the patient and family costs, the iSMI
had less coststhan WL C. Informal care was decreased by €241
for the iSMI. Finally, productivity losses produced the highest
cost differences of €487, exceeding the intervention costs,
meaning that the iSM1 produced less cost than WLC.

Cost-Effectiveness

Table 2 shows the incremental costs, effects, and
cost-effectiveness  ratios based on 5000 bootstrapped
simulations. The bootstrapped ICER for symptom-free status
on the PSS-10 was dominant. The cost-effectiveness plane is
shown in Figure 1. The majority (70%) of the bootstrapped
ICERs fell in the south-east quadrant, indicating a 70%
probability that theintervention produces greater health at lower
costs than WLC. Hence, the iSMI intervention dominates the
WL C conditionfrom asocietal perspective. The remaining 30%
of ICERs féll in the north-east quadrant, indicating a 30%
probability that the intervention produces greater health at
greater coststhan WL C. Figure 2 presentsthe cost-effectiveness
acceptability curve. If the decision maker iswilling to pay €1000
and €3000 for gaining asymptom-free person, theintervention’'s
probability of being more cost-effective than WL C risesto 85%
and 97%, respectively.

Table 1. Average costs per participant (in €) by condition at 6-months follow-up (area under the curve, intention-to-treat-sample, N=264).

Cost category Internet-based stress management intervention (n=132), Waitlist control condition (n=132), Incremental
mean (SD) mean (SD) costs, difference

Health care costs (€)
Intervention 299 (Reflects afixed price) 0 (Reflects afixed price) 299
Physician services 132 (139) 147 (175) -15
Psychological services 111 (291) 209 (468) -98
Hospital in-patient 342 (2222) 188 (1237) 154
Hospital semiresidential 234 (1444) 77 (798) 157
Rehabilitation 8(41) 89 (658) -81
Nonphysician services 167 (293) 174 (314) -7
Prescription drugs 50 (97) 56 (105) -6

Patient and family costs (€)
Over the counter drugs 48 (88) 48 (78) 0
Opportunity costs 485 (754) 526 (892) -42
Travel expenses 27 (48) 49 (94) -21
Domestic help orinformal care 424 (1213) 665 (1327) -241

Productivity losses (€)
Absenteeism 1346 (2184) 1655 (3436) -309
Presenteeism 1578 (1471) 1756 (1849) -178

Total costs (€) 5258 (5493) 5642 (6000) -384

@Due to rounding, numbers presented may not add up precisely to the totals provided.
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Table 2. Results of the main and sensitivity analysis based on 5000 bootstrap simulations. Costs are expressed in 2013 Euros.

Kahlke et a

Anaysis and outcome Incremental Incremental Incremental cost-  Distribution over the cost-effectiveness plane, %
sts, € (95% Cl) effects, points  effecti atio,
costs, € (95% C1) (9:; Sc':lp s ec IVenesst |oa North-east South-east South-west  North-west
0 Cl) €/points (95% CI) b . q .
quadrant guadrant quadrant guadrant
Main analysis
Perceived stress (range 0-40) -386 (-1794to0  6.27 (4.9t0 Dominant (domi- 30 70 _9 —
1006) 7_7)f nant to 171)
Symptom-free status (0/1) -386 (-1794to  0.362 (0.25to0 Dominant (domi- 30 70 — —
1006) 0. 47)f nant to 3360)
QA Lyd (range: 0-1) -386 (-1794t0  0.0074(-0015 pominant' 26 69 2 3
1006) to 0.016)
Sensitivity analysis 1
Perceived stress (range 0-40) -616 (-1731to  6.27 (4.9t0 Dominant (domi- 13 87 — —
485) 7.7)f nant to 81)
Symptom-free status ( 0/1) -616 (-1731to  0.362 (0.25to0 Dominant (domi- 13 87 — —
485) 0. 47)f nant to 1415)
QALYs (range: 0-1) —-616 (-1731to  0.0074(-0015 pominant' 12 83 2 3
485) to 0.016)
Sensitivity analysis A , €+100 added to intervention costs
Perceived stress (range 0-40) -286 (-1694to0  6.27 (4.9to Dominant (domi- 34 66 — —
1106) 7_7)1‘ nant to 187)
Symptom-free status (0/1) -286 (-1694to  0.362 (0.25t0 Dominant (domi- 34 66 — —
1106) 0. 47)f nant to 3419)
QALYs (range: 0-1) —-286 (-1694to  0.0075(-0015 pominant' 31 64 2 3
1106) to 0.016)
Sensitivity analysis A , €-100 added to intervention costs
Perceived stress (range 0-40) —-486 (-1894to  6.27 (4.9to Dominant (domi- 24 76 — —
906) f nant to 155)
7.7)
Symptom-free status (0/1) -486 (-1894to 0.362(0.25t0 Dominant (domi- 24 76 — —
906) 0.47)f nant to 2764)
QALYs (range: 0-1) -486 (-1894to  0.0075(-0015 pominant' 22 73 2 3
906) to 0.016)
Sensitivity analysis3I
QALYs (range: 0-1) -386(-1794to  0.00186 Dominant' 49 14 22 16
1006) (-0.010to
0.014)

4 nlinewith the best practice | SPOR guidelines on ‘Model Parameter Estimation and Uncertainty’ we did not report negativeincremental cost-effectiveness
ratios (I CERs) asthey are meaningless. Instead we used the term dominant which impliesthat the intervention has a higher effect and less cost compared

with the WLC.

bThe north-east guadrant of the CE plane, indicating that intervention is more effective and more costly.
®The south-east quadrant of the CE plane, indicating that intervention is more effective and less costly.
%The south-west quadrant of the CE plane, indicating that intervention is less effective and less costly.
®The north-west quadrant of the CE plane, indicating that intervention is |ess effective and more costly.

fp<.05.

9The distribution of the |CERs (N=5000) sumsto 100%. If the distribution only fallsinto 2 quadrants, therewill not be any ICER in the other 2 quadrants

(= 0%).

hQALYs: quality-adjusted life years.

iA dependably accurate 95% confidence interval for this distribution cannot be defined because there is no line through the origin that excludes alpha/2

of the distribution.

J'Sensitivity analysis 1 analyses not including in-patient care.
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kSensitivity analysis 2 analyses adding €+100 of intervention costs.
ISensitivity analysis 3 analyses for EQ5D quality-adjusted life years.

Figure 1. Scatterplot of 5000 replicates of the incremental cost-effectiveness ratio (mean differences in costs and symptom-free status) on the
cost-effectiveness plane: internet-based stress-management intervention versus waitlist control condition.
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Figure 2. Cost-effectiveness acceptability curve showing the probability of the internet-based stress-management intervention being cost-effective at
varying willingness-to-pay ceilings (based on 5000 replicates of theincremental cost-effectivenessratio using mean differencesin costs and symptom-free
status).

. intervention’s probability of dominating WLC, whereas 26%
Cost-Utility fell inthe north-east quadrant , indicating higher costs and health
The ICER based on QALY gainsshowed asmall health benefit  gains, and 2% fell in the south-west quadrant and 3% in
(approximately 0.001 QALY's gained) for lower mean costs  north-west quadrant. Assuming aW TP of £10,000 and £20,000

(€386; US $498). Of the simulated ICERs, 69% (as seen in  for gaining 1 QALY, the probability rose to 73% and 76%,
Figure 3) fell in the south-east quadrant, reflecting the respectively (Figure 4).
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Figure 3. Scatterplot of 5000 replicates of the incremental cost-effectiveness ratio (mean differences in costs and quality-adjusted life years based on
the Short-Form Six-Dimension) on the cost-effectiveness plane: internet-based stress-management intervention versuswaitlist control condition. QALY:

quality-adjusted life years; SF-6D: Short-Form Six-Dimension.
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Figure 4. Cost-effectiveness acceptability curve showing the probability of the internet-based stress-management intervention being cost-effective at
varying willingness-to-pay ceilings (based on 5000 replicates of theincremental cost-effectivenessratio using mean differencesin costs and quality-adjusted
life years based on the Short-Form Six-Dimension). QALY: quality-adjusted life years; SF-6D: Short-Form Six-Dimension.
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Using the EQ-5D-3L resulted in a smaller incremental QALY
gain in favor of the intervention group (0.28 QALY, SD 0.05)
compared with WLC (0.28 QALY, SD 0.05), which was not
statistically significant (t,5,=—0.296; P=.77). Thisisinlinewith
available evidence that the EQ-5D-3L suffers from ceiling
effects in milder conditions [37]. Nevertheless, at a WTP of
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cost-effective was 71%.

As inpatient costs were reported from only a few participants
but were associated with high costs, these costs might have
distorted the results. Excluding these costsled to higher ICERS
for both outcomes (eg, symptom-free status and QALY's). The
probability of being cost-effective rose to 86% and 96% at a
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WTP of €0 and €1000 with regard to symptom-free status, and
86% and 90% for gaining a QALY, respectively.

Increasing and subsequently reducing the intervention costs by
€100 led to a 66% and 76% probability that the intervention
produces a greater health gain at lower costs than WLC with
regard to symptom-free status and 1-point improvement.

Discussion

Principal Findings

This study evaluated the cost-effectiveness and cost-utility of
a Web-based guided self-help intervention for employees with
elevated stress levels aimed at reducing perceived stress
compared with WLC from the societal perspective. The
intervention had a significant and favorable effect on perceived
stress after 6 months and a high probability of being
cost-effective compared with the control condition. The overall
conclusion of this study does not change when using any of the
assumptions, as explored in the sensitivity analyses.

Strengthsand Limitations

First, we had missing data, which were handled using imputation
techniquesto perform an ITT analysis of both effects and costs
[60]. As dropout rate was very low (12.8% for the iSMI and
8.33% for the WLC at 6 months), it is unlikely that this has
biased the results substantially. Second, the costs and effects
were only evaluated over a6 months period. Hence, we cannot
draw any conclusions about long-term effects. Third,
self-reported costs and effects might have led to social
desirability and/or recall bias. Nonetheless it seems unlikely
that this bias differed systematically between groups due to
absent baseline differences. Fourth, approaches used for cost
estimation of lost productivity are based on the participants
wages which do not reflect the average wages in the genera
population. Fifth, a waitlist control group design with
unrestricted access to treatment as usual was chosen, which
causes participantsto be less motivated to initiate health-rel ated
behavior changes and thus over-accentuates effects [61]. Sixth,
the majority of the sample was female, which is a common
feature of mental health internet-based interventions [62]. The
gender imbalance might limit the generalizability of study
findings. Finally, the use of behavioral interventions does not
result in improved working conditionsthat could cause lessjob
strain. However, the potential of workplace-related interventions
isoften not fully utilized, and hence, such interventions are not
systematically implemented. Thus, we recommend a combined
implementation to design healthy working conditions.

Comparison With Findings From Other Studies

The results of this study with an effect size of d=0.83 [23] on
perceived stress are in line with the meta-analytic evidence
(pooled effect size of d=0.43, 95% Cl: 0.31-0.54) [16].

In addition, some evidence exists for the economic benefits of
stress management and internet-based interventions to reduce
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depressive symptoms in employees. However, to the best of
our knowledge, this study is the first study to evaluate the
cost-effectiveness of aWeb-based guided self-help intervention
for employees with elevated stress levels.

Jacobsen et a evaluated the costs of a self- and
professional-administered stress-management intervention not
delivered over theinternet in patients undergoing chemotherapy
compared with usual care [63]. Lower costs and statistically
higher quality of life outcomes were found in the intervention
group. Hedman et a compared behavioral stress management
with iCBT for treatment of severe health anxiety. The iSMI
resulted in lower costs but was not considered cost-effective
[22].

In aWeb-based intervention by Geraedts[64], the probabilities
of cost-effectiveness were 0.62 (societal perspective) and 0.55
(employer’s perspective) compared with WLC in employees
with depressive symptoms. The intervention was not judged
cost-effective. Besides that, the reduction of depressive
symptoms was rather small (d=0.16) [65] compared with our
study (d=0.64) [23] at post measurement. However, Buntrock
et a reported an effect size of d=0.69 for a Web-based
intervention for the prevention of depression. Thisintervention
has an acceptable likelihood of being more cost-effective than
enhanced usual care [21]. Focusing on perceived stress rather
than on depressive symptoms in employees seems to be a
cost-effective strategy to reduce the mental burden.

Clinical Implications

Theresults of this study support theideathat iSMIs could be a
promising cost-effective strategy in reducing adverse effects of
persistent stressin theworkplace. Intervention costswere mainly
driven by psychologists who acted as e-Coaches. Yet, studies
showed that iSMIs are aso effective when delivered in a less
costly adherence-focused guidance and pure self-help format
[33]. However, meta-analytic evidence shows that guidance
yields higher effect sizes[66]. Therefore, the cost-effectiveness
of guided versus unguided iSMI needs to be evaluated.

Long-term costs caused by persistent stress, such as staff
turnover or mental health disorder onsets, were not taken into
account. Future studies should investigate the long-term
economic effects of iSMIs. The sample consisted predominately
of middle-aged women. Future research should focus on the
general German working population regarding recruitment,
implementation, and dissemination.

Conclusions

This study demonstrated that thisiSMI has a high probability
of being cost-effectivein reducing stress|evel swhen compared
with WLC. Given the increasing stress in the workplace and
the small number of peoplewho are reached viaavailable health
care services [67], it would be worthwhile to integrate such
iSMIs into routine occupational hedth care, which
conventionally only consists of faceto-face therapy by
occupational health physicians.
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Abstract

Background: New Zealand youth, especially those of Maori and Pacific descent, have high rates of depression, anxiety, and
self-harm, but have low rates of help-seeking from mental health professionals. Apps, computerized therapy, and other digital
tools can be effective, highly scalable treatments for anxiety and depression. Co-design processes are often used to foster
engagement with end users, but this does not always lead to high levels of engagement.

Objective: Weaimed to carry out preliminary scoping to understand adolescents’ current internet use and diversity of preferences
to inform a planned co-design process for creating digital mental health tools for teenagers.

Methods: Interactive workshops and focus groups were held with young people. Data were analyzed using a general inductive
approach.

Results: Participants (N=58) engaged in 2 whanau (extended family) focus groups (n=4 and n=5), 2 school- or community-based
focus groups (n=9 each), and 2 workshops (n=11 and n=20). The authors identified 3 overarching themes: (1) Digital mental
health tools are unlikely to be successful if they rely solely on youth help-seeking. (2) A single approach is unlikely to appeal to
all. Participants had diverse, noncompatible preferences in terms of look or feel of an app or digital tool. The authors identified
4 user groups players or gamers, engagers, sceptics, and straight-talkers. These groups differed by age and degree of current
mental health need and preferred gamified or fun approaches, were open to arange of approaches, were generally disinterested,
or preferred direct-to-the-point, serious approaches, respectively. (3) Digital mental health tools should provide an immediate
response to a range of different issues and challenges that a young person may face.

Conclusions: Defining the preferences of different groups of users may be important for increasing engagement with digital
therapies even within specific population and mental health—need groups. This study demonstrates the importance of scoping
possible user needs to inform design processes.

(JMIR Ment Health 2019;6(5):€12656) doi:10.2196/12656
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Introduction

Background

Depression and anxiety, including clinical disorders and
subclinical symptoms, are common among young people. New
Zeadland youth have high rates of mental distress, with rates
particularly high among Maori and Pecific girls [1,2]. Most
young people do not seek professional help for menta health
needs [3], and this forgone care is particularly high among
indigenous and minority youth [1,4,5].

Digital mental health tools have been shown to be effective and
appealing treatments for anxiety and depression [6-8]. Thishas
been demonstrated among different cultural and demographic
groups, including Maori and Pecific youth [9,10]. By making
interventions available conveniently, without the barriers of
accessto face-to-face services, it is anticipated that more youth
will have access to a variety of treatments more equitably.
However, uptake of and adherence to evidence-based digital
interventions as implemented have not been strong to date
[11,12].

There are many possible waysto improve the popul ation impact
of digital interventions, both in the development of tools and
in their delivery. Those developing interventions can enhance
user engagement through co-design approaches, in which
potential usersare actively involved in the devel opment process,
ensuring that the products or outputs are optimally placed to
meet their needs. Other opportunitiesinclude the increased use
of telepresence, gamification, and contemporary styles and
formats[13]. Implementation processes are a so important. For
example, promotional activities are needed to ensure that
potential users and those who might support them are aware of
and interested in digital health options. Embedding and
integrating digital mental health tools within existing health or
education formats or providing integrated clinical support could
also increase uptake and use [13].

Co-Design
Co-design approaches have been proposed to increase uptake
and engagement [14]. In co-design, end users are involved in

the development of the intervention through an ongoing
democratic partnership with researchers, with a value-based

https://mental.jmir.org/2019/5/€12656/
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focus on relationships and distribution of power between the
researchers and the researched [15]. Co-design processes can
also mean that contextual variables and issues with usability
and implementation that may not be obvious to researchers are
considered in devel opment. Hence, these processes may increase
the acceptability of the end product to the user group. Although
there are compelling reasons to involve end users in design,
there has been limited evidence to date that consumer
involvement in the design of youth mental health interventions
improvesintervention effectiveness[16]. Furthermore, co-design
presents multiple challenges. Co-designers are a subset of the
proposed end users and their engagement in the design process
can change their preferences. Findings may not generalize to
users who were not engaged in development or to those of
different ages, cultural groups, and level of need. If end users
have diverse or differing needs, there is no guarantee that
co-design will enhance impact for all end users. For example,
adol escents who are not depressed typically view seeking help
and taking action as relatively straightforward, whereas those
experiencing depression may find these steps more challenging
[17]. Rapidly changing digital technology standards and
expectations also mean that findings may not be generalizable
over time.

Maori and Pacific peoples form a significant minority of the
New Zeadand population (approximately 15% and 8%,
respectively), are over-represented in higher deprivation settings
[18], and are often poorly served by mental health services
situated within Western science and health traditions[19]. Maori
and Pacific models of mental health and well-being are
frequently described as more holistic and family-centered than
traditional Western models [19-21]. An explicit focus on
underserved communities is important for ensuring relevant
services and for supporting equity outcomes.

Aims

We undertook a preliminary scoping phaseto inform aplanned
co-design process, asshown in Figure 1. Our aim wasto explore
diverse adolescents' preferences to understand the need for
specific targeting or audience segmentation and key needs of
different populations. We also aimed to explore adolescents

current Web-based behavior when distressed or in potential
need of emotional help, to minimize required behavior change.
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Figure 1. Scoping using diverse processes to inform co-design.
/" School
health council
focus group
(n=9)
|
Pacific Review targeting or
workshop . .
(n=11) audience segmentation
Whanau Community needs and current online
F youth focus behavior when distressed Co-desi
group 1 ?:'1219;)) or in potential need of o-aesign
(n=4) emotional help, to
minimize required
behavior change.

Stage 1: Scoping
(current study)

Stage 3: Co-design
(later)

Stage 2: Review

Methods

Overview

The scoping study took place from December 2016 to April
2017. Focus groups in whanau (extended family), school and
community groups, as well as interactive workshops, were
planned to engage young peoplein varied ways and encourage
abroad spectrum of feedback from the target audience. Ethics
approval was obtained from the Health and Disability Ethics
Committee (Ref no 16/NTX/174). Young peoplewereincluded
if they were aged between 12 and 25 years, could provide
informed consent, and could participate safely. No young people
were excluded. We purposively sampled high proportions of
Maori and Pacific young people from varied socioeconomic
backgrounds and sought to include participants with personal
experience of mental distress by recruiting via community
groups and networks that included young people with these
characteristics.

Focus Groups

Focus groups of 30- to 60-min duration were held with young
peoplefrom (1) aschool health council, (2) acommunity youth
health organization, and (3) 2 whanau groups. Each whanau
focus group included Maori young people who were related to
each other, and each took place in afamily home. Participants
were siblings, cousins, and close family friends aged between
12 and 25 years. Adult family members welcomed the

https://mental.jmir.org/2019/5/€12656/
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researchers and participants and encouraged participantsto take
part but were not in the room at the time of the group meeting.

I nteractive Workshops

A total of 2 workshops of approximately 4 hours each were run
during school holidays. The first was at a community youth
center with an existing youth advisory group, predominantly of
Pacific descent. The other was at a Maori health organization
site with attendees primarily comprising Maori youth group
leaders, members of ayouth organization, and school students.
These workshops were designed to engage Pacific and Maori
youth, respectively, and to encourage their participation.

Procedures

Participants were asked about their current behavior and needs
regarding online mental health tools, their views on currently
available online support options, and their preferencesregarding
pathways to finding the tool, the modality, the use of
gamification, and feedback options. They were given tablets
loaded with arange of existing mental health apps and websites
to prompt discussion. These apps and websites were readily
available in New Zeaand, were potentially familiar to young
people, and displayed a range of styles or ways of providing
digital mental health and well-being support. In particular, we
included 4 information, treatment, or support resources funded
by the New Zealand government (SPARX, The Lowdown,
depression.org and Aunty Dee), an Australian mental health
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resource (Biteback), and several apps available via the App
Store (Smiling Mind, Headspace, and SuperBetter).

In each setting, and particularly in the extended workshops,
time was alocated to interactive activities such as icebreakers
and open discussions using a cultural process that encourages
participants to share experiences and stories, an approach
commonly used in Pacific and Maori research [22]. This
approach takes into consideration relationships that lay the
foundation for most Pacific activities [22]. Pecific authors
highlight that maintaining good relationships is important for
the success of research asthey establish trust between researcher
and participants. The process further eliminates the distance
between the 2, allowing for flexibility in conversation. The
Maori workshop followed culturally appropriate protocol. There
was a formal welcome of the researcher guests, with an elder
opening the session with a prayer, followed by aformal speech.
The guests were then invited to introduce themselves and build
relationships with the Maori youth. The elder also closed the
workshop according to traditional protocols with prayer. The
content of the workshops included discussion, sketching ideas
on paper, telling stories and wall storms where participants
wrote ideas on sticky notes, posted them on awall, then shared
and processed them as a group.

At the end of the sessions, participants completed a written
summary reporting their age, ethnicity, gender, and whether
they had ever felt low or depressed for more than few daysin
arow. Asiscustomary in Maori and Pacific research, food was
provided as part of the process of engaging with people from
the community. Each participant was given avoucher asthanks
for taking part.

https://mental.jmir.org/2019/5/€12656/
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Data Analysis

Audio recordings from all sessions were transcribed, and
facilitators summarized data from sessions that were not
recorded due to practicalities (eg, wall storms do not lend
themselvesto audio recording and transcription). Raw datawere
analyzed and coded in QSR NVivo software. A general
inductive approach was used, allowing the main themesto arise
from young people's feedback [23,24]. All transcripts were
individually coded among several researchers, including Maori
and Pecific coders. First, data were clustered together in
categories or groupings. Researchers then convened to discuss
potentially important themes and clusters and review the
emerging themes against the predefined research questions.
This process was repeated several times to ensure data were
accurately represented and differing opinions settled. This
genera inductive approach is an appropriate method for scoping
general usahility preferences as it highlights information that
isrelatively exploratory [24].

Results

Participants

There were a total of 58 participants drawn from 2 whanau
groups (n=4 and n=5), 1 School Health Council group (n=9), 1
Community Youth group (n=9), 1 Pacific workshop (n=11),
and 1 Maori workshop (n=20). The majority of participants
were female and Maori or Pacific (see Table 1 for
demographics). A total of 3 high-level themes emerged.
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Table 1. Demographic details of study participants (N=58).

Fleming et al

Demographics Focus groups, n Interactive workshops, n  Total (N=58), n
Whanaul  Whanau 2 School heath  Community youth Pacific Maori
(n=5) (n=4) council (n=9)  group (n=9) (n=11) (n=20)
Gender
Female 3 4 8 7 8 11 41
Mae 2 0 1 2 3 5 13
Missing 0 0 0 0 0 4 4
Felt low or depressed for more than afew daysin arow
Yes 1 4 6 8 6 11 36
No 4 0 3 1 5 4 17
Missing 0 0 0 0 0 5 5
Ethnicity
Maori 1 2 0 1 1 12 17
Pecific 3 0 5 1 8 1 18
NZE? 1 2 0 4 1 1 9
Other 0 0 3 1 1 1 6
Missing 0 0 1 2 0 5 8
Age (years)
<14 1 0 1 0 0 0 2
14-17 0 4 8 1 8 5 26
>17 4 0 0 8 3 10 25
Missing 0 0 0 0 0 5 5

3NZE: New Zealand European.

Theme 1: Digital Mental Health Tools are Unlikely to
be Successful if They Rely on Youth Help-Seeking

Respondents described a range of strategies they used to deal
with distress. Socia withdrawal, using drugs and a cohol, and
self-harm were common. Other responsesincluded ignoring the
distress or using music, prayer, sport, or other activities as a
distraction. Most expressed a preference for “keeping personal
stuff” to themselves and coping on their own, for example:

| don't really tell anyone or people about what I'm

going through. [ School Health Council]

People probably don’'t say anything, just keep it to

themselves. [Whanau group 1]
Participants were concerned and embarrassed about others
knowing they were “having ahard time” Talking distress over
with friends and/or family and/or seeking help from a known
adult (such as a trusted teacher) were relatively rare, and no
participants mentioned seeking help from unknown adults.
Despite this, some participants reported that they would post
about their distress on socia media (such as Facebook or
Instagram), on a personal account or anonymoudly, in the hope
that others might understand or reach out to them. For example:

You have 8 different accounts and nobody knowswho
you are. So there’'s no stigma attached to saying

https://mental.jmir.org/2019/5/€12656/

anything. You can just betruthful . [Community youth
group]
Like on Facebook, you can do like feeling, you can
put up an emotion to what you're feeling. So people
would be like sad face- feeling down or something...
[Whanau group 1]
Aside from possible posts on social media, no participants
spontaneously mentioned that they would seek help or use the
internet for mental health needs. They reported that they would
feel labeled and stigmatized after accessing mental health
websites even if nobody knew:

Yeah, you'd feel embarrassed [accessing a mental
health website]. [Whanau group 1]
In responseto direct questions from the researchers, participants
reported that they would seek help only if they were“ desperate,”
in which case their preference may be posting on social media
where friends might respond.

Despitethislack of active hel p-seeking, participants responded
positively to the idea of online support:

| think it sounds like a great idea because it's on
mobile and a lot of people are getting phones and
stuff...everyone, like especially theteenagers, they're
alwayson their phone...Soit’'scool to haveit ontheir
phones. [ School Health Council]
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...the power that comes from an app is the fact that
apps have push natifications and stuff like that, that
remind you [to] engage with them...an app would be
agood placeto haveyour moreinteractive parts, and
then a website would be a good place to have facts
and information and where you can seek help and
stuff... [Community youth group]

These findings were considered alongside the imperative to
require redistic behavior changefor the use of any digital mental
health app or tool. The theme of Digital mental health toolsare
unlikely to be successful if they rely on youth help-seeking was
articulated and confirmed by rereading transcripts, reviewing
original codes, and discussion among researchers.

Theme 2: A Single Approach isUnlikely to Appeal to
All

Importantly, different groups and individuals had diverse,
noncompatible preferences in terms of look or feel of an app or
digital tool. Being relevant and appealing for young people was
considered key; pitching information in the right way also
mattered. However, what was the right way differed among
participants. Many young people preferred a crisp, clean ook,
which was uncomplicated with straightforward, direct, clear,
and “straight-to-the-point” help that they would access when
they or otherswerein acrisis. They considered they would not
normally look for thiskind of help unlessthey were very worried
about someone or weresuicidal. In thiscontext, they prioritized
relatively serious content; some felt that a game or narrative
approach would be off-putting or inappropriate. This view was
more frequently expressed by older participants and those who
indicated that they had had some experience of distress:

That person hasliterally hit the point where they can’t
reach out anymore. They need something that engages
with theminstantly [rather thanisplayful or indirect].
[Community youth group]

If it was like gaming aspectsin there, like characters,
like moving up a level or something, [it's not right]
because it is quite a serious matter. So yeah, take it
serioudly. [ School Health Council]

I’d go straight to the point kind of stuff. Like 1’d want

to know bullet point, then another bullet point.

[Whanau group 1]
In contrast, other participants considered that a gamey, fun, or
entertaining environment could engage people who might not
otherwise recognize that they need help or be seeking help. A
nonthreatening, normalizing, nonpathologizing approach was
seen as key, and participants suggested focusing on identity,
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everyday problems, well-being, strengths, and inspiration. These
were often younger participants with less experience of mental
distress:;

| do like the idea of a game. Yeah, that isa cool idea.
[Whanau group 2]

Likeit's actually engaging but it's also teaching you
stuff. [Whanau group 2]

And yeah, try and make it as a game. Yeah, ‘cosit’s
fun. [School Health Council]

These findings were considered alongside the research needs.
The theme of a single approach unlikely to appeal to all was
articulated and confirmed by rereading transcriptsand reviewing
original codes. Next, we clustered user preferences. A total of
4 major groupings or categories emerged:

1. Those who were more interested in a digital intervention
to support their mental well-being if it was fun to do. Many
reported that they would engagein an intervention that was
storified or gamified. These participantswere often younger
adol escents who were not feeling stressed out or down at
the time of the study. We identified them as Players or
gamers.

2. Adolescents who were interested in digital interventions
that were targeted directly to support their mental
well-being, interactive and potentially gamified. Again,
these participants were often younger adol escents, but they
generally had more experience of feeling stressed or down
than Players. We categorized them as Engagers.

3. Young people who were not personally interested in digital
interventions for mental health. These participants felt no
need for such interventions and were skeptical about their
value, expressing more interest in socia media and
interacting with their friends. This group generally
comprised older adolescents who were not feeling stressed
out or down at the time of the study. We identified this
group as Skeptics.

4. Finadly, a cluster of young people expressed interest in
straight to the point digital interventions for mental
well-being. They considered gamification off-putting and
indicated a preference for something simple with a clean,
clear design that conveyed the message straight up. This
cluster mainly comprised older adolescents experiencing
stress or low mood. We categorized this group as
Sraight-talkers.

We proposed that these clusters can be represented in a
taxonomy as shown in Figure 2.
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Figure 2. Taxonomy of adolescents engaging with digital mental health tools.
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Theme 3: Help Hereand Now, With Multiple
Challenges

Despite differencesin preferred style, therewas a high level of
consensus that young people preferred content that made them
feel good and helped them cope with hard times, with impact
in the here and now rather than in the future. Participants also
reported that they wanted freedom of choice, including the
ability to pick and choose interventions and would want help
with a variety of chalenges or needs such as bullying,
relationship problems, self-harm, suicide, and other mental
health needs:

Today [it] is all about choice, really. [Community
youth group]

Yeah | think apps that had different components, so
maybe like a combination of meditation and
information or interactive kind of things [Whanau
group 2]

Discussion

Principal Findings

Participants reported that they did not actively seek help if down
or distressed unless they were very concerned, for example, if
there might be arisk of suicide. If they did usetheinternet when
feeling down or distressed, this consisted of posting on asocial
media site where friends might understand or respond. Despite
thislack of active hel p seeking, partici pants responded positively
to the idea of online support. There were diverse preferences
for the look and style of such interventions. Older adolescents
and those experiencing distress were interested in direct,
to-the-point information and considered that gamification might
be trivializing. They wanted tools that connected to social
support in some way. Some, especially younger, participants
were more interested in game-like and playful approaches that
might have a more universal appeal and were less directly
mental health—focused. These differences in preferences
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highlight the challenge in trying to be all things to all people
and the need for targeted approaches or audience segmentation
in co-design and marketing terms. Finally, participants
highlighted the need for immediate help with multiple
challenges.

Comparisons With Previous Work

These results suggest that improving youth mental health via
specific  digital interventions has promise. However,
acknowledging young people’slack of help-seeking and diverse
preferencesiscritical to the successful implementation of digital
mental health interventions.

Our finding that participants were unlikely to seek help for
mental health needsonlineis consistent with previousliterature
[25]. There are major challenges reaching groups that have low
rates of help-seeking if approaches rely on users proactively
and individually seeking help. Young people are generally poor
at seeking help for emotiona distress for myriad reasons
including time limitations, privacy concerns, financial reasons,
and skepticism about treatment effectiveness [26].
Unsurprisingly, thosefrom high deprivation neighborhoodsfind
it hardest to access health care [27]. To reach those with high
needs, online interventions may need to be promoted or actively
introduced, for example, through routine incorporation into
established systems that young people are exposed to, such as
school health checks or the school health curriculum. For those
not attending school or where a school-based approach is less
likely to hold appeal, an approach that utilizes commonly used
media may be more appropriate. For example, many young
people currently use Messenger; a chat-bot using this
conversational channel may make an intervention more
appealing and accessible. Previous research has highlighted that
young people do look for health information online [28,29].
Hence, search engine advertisements and websites providing
information could be used to help encourage young people to
seek help, whether online or face-to-face.
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Our finding that participants had diverse and often conflicting
preferences, even within this relatively specific demographic,
shows that efforts to deliver digital interventions risk failure if
developerstry to be all thingsto all people. In fact, if we were
to average al results, we might be inclined to suggest that an
intervention needed to be a little bit playful, whereasin reality,
results were dichotomous. This finding should come as no
surprise as a similar phenomenon is apparent among those
accessing the internet for other reasons. For example, Bartle,
long ago proposed a taxonomy of gamers with differing views
about what appeals in computer games [30]. He proposed 4
categories of gamers. killers, explorers, socializers, and
collectors. This idea has since been expanded [31]. In many
current games, one can see specific designs to appeal to the
varying populations of likely users. Our finding of broad clusters
of users and our proposed taxonomy of young people who use
digital interventionsto support their mental health is consistent
with these concepts of audience segmentation.

Such analyses can be used to inform the design of digital
interventions to appeal to specific groups. For example,
interventions that aim to prevent emotional health problems
might be delivered to young groups using gamified or storified
approaches. Designing for young people who are seeking help
for established problems might require a more direct approach.

Implications

The results of this study suggest that online approaches to
improve the mental health of young people, particularly Maori
and Pacific young people in New Zealand, should consider the
following needs:

« Direct and clear information and immediate access to
support for those who are seeking help in acrisis;

« Interventionstargeting those posting about their distresson
social media (eg, this can include social media platforms
providing direct-to-user messages or alertsto services, based
on user-generated content);

«  Approaches that engage young people before their needs
are high and before they would be seeking help in current
contexts. This might be done via health promotion and
marketing to attempt to increase interest and reduce stigma
[32], increasing the attractiveness and appeal of
interventions, or mandated systems that target groups are
exposed to (eg, universal screening with interventions via
health or education systems).

The wide range of opinions reported by our participants
highlights that digital interventions that aim to appeal to all
young peoplerisk failure and that more targeted strategies may
have more promise. Should future research support our
taxonomy of Players or gamers, Engagers, Skeptics, and

Fleming et al

Straight-talkers, we should expect a range of youth-oriented
mental health tools, with some serious and direct and others
more playful or gamified. Segmentation requires a greater
investment of resources than a single approach that reaches all.
In other areas, however, from gamesto news sites, online tools
are diverse, a feature considered essential for engagement.
Indeed, asingle approach that aimsto reach all and in doing so
appeals to none or few cannot be classed a success. Increased
diversity and targeting of digital mental health options should
be explored as an approach to improve engagement.

Theidentification of conflicting user preferencesalso highlights
the value of scoping user needs and preferences before
establishing co-design processes. For example, without
identifying varied needs, we may have devel oped amixed group
of co-designerspulling in competing directions or co-operating
to produce an outcome not particularly appealing to any.

Finally, certain characteristics appear important across all
groups, including the provision of choice. Young people wanted
to be able to pick and choose those interventions that suited
them. In the same way that providing a menu of optionsis an
important component of brief face-to-face interventions, it will
be important for digital interventions to provide users with the
experience of being in control of the process [33].

Limitations

Thisisasmall and very specific sample. We used a purposive
sample that included indigenous Maori and Pacific youth who
provided information about their experiences of digital
resources; few studies exist that have sought to capture this
information. Although useful in providing needed information
about this group, our focus on Maori and Pacific youth in New
Zeadland and small group sizes limits the generalizability of
findings to other demographics. Future research should scope
diversity of user preferences within other population and
health-need groups.

Conclusions

This study demonstrates the importance of scoping and
consulting before designing. Youth have varied preferencesand
itisessential to decide on afocused approach and then co-design
with adolescents in a particular group if engagement and
implementation are to succeed. The need for varied interfaces
isclear.

The use of technology to increase the delivery of psychological
interventions to support the mental health of young people
remains a promising approach, but successful implementation
will require a greater degree of sophistication in design and
rollout than has been demonstrated to date.
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Abstract

Background: The use of smartphone appsto monitor and deliver health care guidance and interventions has received considerable
attention recently, particularly with regard to behavioral disorders, stress relief, negative emotional state, and poor mood in
general. Unfortunately, thereislittle research investigating the long-term and repeated effects of apps meant to impact mood and
emotional state.

Objective:  We aimed to investigate the effects of both immediate point-of-intervention and long-term use (ie, at least 10
engagements) of a guided meditation and mindful ness smartphone app on users' emotional states. Datawere collected from users
of a mobile phone app developed by the company Stop, Breathe & Think (SBT) for achieving emotional wellness. To explore
the long-term effects, we assessed changes in the users’ basal emotional state before they completed an activity (eg, a guided
meditation). We also assessed the immediate effects of the app on users’ emotional states from preactivity to postactivity.

Methods: The SBT app collects information on the emotional state of the user before and after engagement in one or several
mediation and mindfulness activities. These activities are recommended and provided by the app based on user input. We
considered data on over 120,000 users of the app who collectively engaged in over 5.5 million sessions with the app during an
approximate 2-year period. We focused our analysis on users who had at least 10 engagements with the app over an average of
6 months. We explored the changesin the emotional well-being of individuals with different emotional states at the time of their
initial engagement with the app using mixed-effects models. In the process, we compared 2 different methods of classifying
emotional states: (1) an expert-defined a priori mood classification and (2) an empirically driven cluster-based classification.
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Results: We found that among long-term users of the app, there was an association between the length of use and a positive
change in basal emotional state (4% positive mood increase on a 2-point scale every 10 sessions). We also found that individuals
who were anxious or depressed tended to have a favorable long-term emotional transition (eg, from a sad emotional state to a
happier emotional state) after using the app for an extended period (the odds ratio for achieving a positive emotional state was
3.2 and 6.2 for anxious and depressed individuals, respectively, compared with users with fewer sessions).

Conclusions: Our analyses provide evidence for an association between both immediate and long-term use of an app providing

guided meditations and improvements in the emotional state.

(JMIR Ment Health 2019;6(5):€12617) doi:10.2196/12617

KEYWORDS
mental health; smartphone; emotional well-being; mindfulness

Introduction

Background

Behavioral conditions, neuropsychiatric diseases, and poor
genera mental health are seen as major contributors to
morbidity, mortality, and lost productivity on a global scale.
However, thesefactors are often overlooked in discussions about
the current state of health care, which tend to focus on physical
well-being [1]. Many studies suggest that mental health can
play alargerolein physical health, recovery from disease, and
ultimately productivity and, therefore, should receive greater
attention [2-4]. Unfortunately, there are serious questions about
how mental health can be promoted and, in instances when it
is caled for, how relevant interventions can be prescribed and
deployed efficiently in a cost-effective manner [5-7]. This is
especialy true given the number of people who may actually
benefit from such interventions [8]. In light of this, there is
enthusiasm for the development of smartphone apps that can
not only monitor an individual’s health—both physical and
mental—but also deliver content designed to help coach them
through difficult timesor provide aneeded intervention. Infact,
many smartphone apps have been developed, or are under
development, to aid in health carevia, for example, image-based
diagnostics, glucose monitoring for diabetes, and physical fithess
promotion [9,10]. For mental health management and
intervention, there is growing enthusiasm for the development
of smartphone platformsthat provide guidance on mindfulness
and meditation asaway of relieving stress and promoting mental
health and well-being. Many of the resulting platforms have
been or are undergoing testing in clinical studies[11-15].

The use of mobile phone apps in combating or mediating
behavioral conditions, stress, negative emotional states, and
elevating mood is also consistent with directions that public
health and regulatory officials are considering. Infact, evidence
is mounting from clinical trials showing that smartphone apps
can be effective in a variety of settings. Agencies such as the
US Food and Drug Administration (FDA) have created, and in
instances passed, legislation allowing the filing and approval
of mobile health apps as approved health technologies on the
same level asin vitro diagnostics and drugs. Pear Therapeutics
was one of the first companies to have a smartphone app for
addiction approved for use by the FDA in 2016 [16]. Many
other commercial and academic groups are developing
smartphone appsfor awide variety of conditionsthat go beyond
the simple direct-to-consumer market by seeking regulatory

https://mental.jmir.org/2019/5/€12617/

approval for their usein clinical contexts[17-19]. Unfortunately,
not enough time has elapsed since the introduction of
smartphone-based intervention appsto provideinsight into their
long-term repeated effects as well as their effectsin real-world
settings (ie, outside of clinical trials) [20-22].

Objectives

Stop, Breathe & Think (SBT) has devel oped a smartphone app
that provides guided meditations and mindfulness activities to
promote self-awareness coaching to interested users. As noted,
mindful ness and meditation have been shown to improve affect
and mood and promote healthy thought patterns [23,24]. The
SBT app prompts users before and after they are guided through
meditation and mindful ness activities to provide an emotional,
mental, and physical check-in, thereby allowing an assessment
of an individual user’'s emotional state and mood pre- versus
postactivity in real time. As repeated uses of the app by SBT
users are archived, longitudinal information on its users with
regard to their long-term engagement with the app is retained.
This alows further analysis of the influence of repeated
engagements with the app on an individual user’s basal mood
over time in real-world settings. We pursued such an analysis
using data from SBT users who had at least 10 engagements
with the app. The SBT app allows users to choose from more
than 100 unique emotions to reflect their emotional state at the
time they use the app. These emotions cover arange of human
emotions including anger, remorse, anxiety, calmness, and
enthusiasm. Users are guided through meditationsthat they can
choose from based on an algorithm developed by SBT. We
focused our analyses on the baseline (or basal) emotional state
of a user, before he or she engaged in a guided meditation or
mindfulness activity and were primarily interested in the
long-term and repeated use effects of the SBT app on this
baseline emotional state. Essentially, we wanted to ask the
question if the continued use of the app lifted the spirits of the
user over time. We were particularly interested in users who
tended to pick emotions associated with depression and anxiety
when engaging with the app before meditating.

Methods

TheBasic Stop, Breathe & Think App

The SBT app isamultiplatform (ie, iOS, Android, and Alexa)
app designed to guide users through meditations and
mindfulness activitiesto alleviate stress, anxiety, and depression
and improve the sense of well-being. Upon opening the app, a
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user can participate in an optional 10-second reflection period.
After thisoptional reflection period, usersdescribetheir current
mood, emotional state, and physical health by choosing from a
number of emotions; the SBT app then provides suggestions
for specific meditation and mindfulness activities. The user can

Athanas et al

choose from among the suggested activities after being asked
to endorse up to 5 different characterizations of their mood and
emotional state. A user can choose not to provide any input
regarding their mood, emotional state, and physical health and
simply engage in an activity.

Figure 1. Stop, Breathe & Think user interface and stages of interaction with the app. Users are provided severa ways in which they can record their
current emotional state both pre- and postactivity. These emotional check-ins are optional, but the intuitive and simple selection process makes it easy

for most users to enter at least some emotional status information.

il

C 1C

Step 0. Begin session with optional
10-second reflection.

E=—= C
Step 4. Option to select another activity
and return to step 3 or continue

Step 3. Select an activity, and follow
prompts

Figure 1 provides a schematic of an individual session and the
corresponding points where user information is collected.

It should be understood that all information collected with the
SBT app is volunteered by users as stated and defined in the
SBT user licensing agreement and privacy policy. In addition,
for purposes of our dataanalyses, all the datawe obtained from
SBT were anonymized and put into a Health Insurance
Portability and Accountability Act (HIPAA)-compliant format
such that users could not be reidentified. Functionality and
delivery of the SBT app and service varies from device and
platform implementation (eg, Alexa, Android, and Web
browser). Therefore, to avoid batch effects, we focused on users
who were exclusively on an iOS platform and started using the
app after SBT provided its last major version of the app
(05/01/2016). Users had to have completed at least 10 sessions
or engagements with the app, with a minimum of 6 of those
sessionsincluding pre- and postactivity emotion selections. The
SBT app content is in English and to avoid translation errors
and alternative interpretations of the language used in the SBT
app, we restricted our analyses to individuals from native
English-speaking countries: the United States, United Kingdom,
Canada, and Australia. An additional filter was used, restricting
users agesto between 12 and 100 years.

Emoational Check-ins Pre- and Postactivity Score

The SBT app allows the user to endorse between 1 and 5
emotional states out of a possible 115, before and after
engagement in a guided meditation or mindfulness activity (or
series of activities if they choose to engage in more than 1
activity during a session). This emotional check-in involves
selecting an initial emoticon and then choosing from a list of
emotions within subgroups of terms that closest characterize
the user’s current emotional state. These 115 emotions were
chosen for the app based on internal SBT research and user

https://mental.jmir.org/2019/5/€12617/
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requests. All emotions were classified as positive, neutral, or
negative and given corresponding scores of 1, 0, and -1,
respectively. All emotions and their corresponding scores are
provided in Multimedia Appendix 1. As users can select up to
5 emotions, an average emotional scorewas cal culated for both
pre- and postactivity and standardized to a range from -1 (all
negative emotions) to 1 (all positive emotions). Our analysis
explored (1) trends in the preactivity emotional score over
repeated uses of the app while accounting for the covariates as
well as seria correlation between sessions and (2) trends in
changes of the emotional scores before and after an activity
over repeated uses of the app.

Clustering of Emotions

In addition to treating the preactivity emotion scores and changes
in emotion scores pre- and postactivity as dependent variables
and time, sex, and age covariates as independent variables, we
also explored the patterns among the emotion endorsements to
see if there was evidence for obvious clusters of emotions that
could reflect the same general emotiona state. We leveraged
principal coordinates analysis (PCoA) and the nonsupervised
clustering technique, Partitioning Around Medoids (PAM), for
these analyses [25]. We pursued these analyses asit isarguable
that some users may see asubset of the emotions as synonymous
and hence only choose one among many possible choices to
describe their emotional state at the time to avoid redundancy,
whereas other users might see those same subsets of emotions
ascomplementary and reflecting different aspects of their mood.
In addition, other users may preferentially select emotions based
on their location in the selection list or choose a set of rare
emotions that are infrequently selected by other users to
differentiate their emotions.

The distance between the emotions was calculated using the
Bray-Curtis distance measure [26]. To determine the optimal
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number of nonsupervised emotion clusters in 2-dimensional
PCoA component space, we selected the number of clusters
with the largest silhouette score. Once we identified the optimal
number of clusters, emotions were then assigned to one of the
identified clusters.

Anindividual’semotional statuswas also summarized interms
of therelative distances (using the Euclidean distance measure)
between pre- and postactivity states. The distances between an
individual’s emotional status and the medoid of the closest
associated emotion cluster were calculated as well. Emotions
were labeled with clinical categories, associating each of them
with either anxiety, depression, anger, or happiness (Multimedia
Appendix 1). Ultimately, using distances between emotional
states and emotional clustersallowed usto build modelsrelating
the number of times users engaged with the app to gross changes
in emotional states defined by the emotion clusters.

Statistical Analysesto Identify Long-Term Changes
in Emotional State

To assess the effects of the continued use of the app on the
preactivity emotional state, we used Linear Mixed-Effects
(LME) models and Generalized Linear Models (GLMs) as
implemented in the Ime4 package in R [27]. These analysis
techniques can accommodate serial correlations among emotions
over time and also account for both fixed (eg, sex) and random
effects (eg, variation in preactivity emotional state or the degree
to which use of the app changed the preactivity emotional state
over time). We pursued different analyses to evaluate changes
in the preactivity emotional state over time, including a model
that considered the effect of the emotional states possessed by
individuals at their first engagement with the app. These
analyses considered both the emotion scores as the dependent
variables as well as the use of the emotions as defined by the
cluster analysis clinical labels as dependent variables. We also
tested the effect of repeated uses of the app on the change in
the emotional state pre- to postactivity by treating the ratio of
pre- to postemotion score as a dependent variable.

We included several covariatesin our analyses and tested them
for their effects on the emotional state: session index (ie, 1 as
the first use and 2 as the second use—which captures the
repeated use of the app), gender, age, country of origin,
subscription status, and whether the user remained anonymous
(ie, did not fill out information in his or her account—which
may indicate a fake or disengaged user). As there is large
variability in the number of completed sessions and the
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distribution of the number of uses of the app per individual has
an extreme right skew, we applied alog,, transformation to the
session index variable. Thistransformation markedly improved
the normality of the session index asavariable (datanot shown).
LME models were fit, and the features associated with the
preactivity emotional state as the dependent variable were
selected using aforward stepwise selection procedure based on
the Akaike Information Criteria. Similar models were fit with
the pre- to postactivity emotional state ratio as the dependent
variable. GLMs were fit to the data when changes in emotion
categories (ie, based on clinical or cluster analysis |abels) were
taken as the dependent variable.

Results

Defining the Dataset

After all the duration, quality, platform, and country filterswere
applied, 13,393 users remained (10,082 females, 2187 males,
and 1124 undeclared sex). The average age of the users was
32.3 (SD 13.5) years, with 31.7 (SD 13.3) years for females,
34.6 (SD 13.4) years for males, and 33.3 (SD 15.0) years for
undeclared participants. Collectively, the users completed
569,961 sessions with the app, with 302,514 of these sessions
having emotional check-in data, with an average of 42.6 ons
and 22.6 emotional check-ins per user. Multimedia Appendix
2 provides a histogram depicting the distribution of the length
of time users engaged with the app. Multimedia Appendix 3
shows average period between app uses given the total length
of engagement for users.

Cluster Analysis of the Emotions

The use of the silhouette scores based on the PCoA and PAM
analyses suggested that there were likely 8 clusters of emotions
[28]. As noted, the relative distances between pre- and
postactivity emotional states and the distances between each
user’semotional state and the closest associated emotion cluster
were calculated. In addition, each of the 115 emotionsthat could
be endorsed was assigned to one of the emotion clusters (see
Multimedia Appendix 1). Using these cluster labels, we
calculated the mean orientation of each cluster and the relative
distance of each individual’s emotional scores both pre- and
postactivity from these means. These distances were compared
with the other emotion scores we calculated and were highly
correlated with them (Figure 2). Figure 3 provides a graphical
depiction of the results of the clustering using the first 2
principal coordinates obtained from our analyses.
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Figure 2. Average emotional score versus cluster centroid distances correlation matrix represented as a heat map. As an example for interpreting the
numbers in the matrix, a —0.90 correlation between the preactivity emotion score (x-axis Average Pre Emo Score label) and positivity cluster (y-axis
Dist positivity label) showsthat users who score higher on the preactivity emotional score had a shorter distance of their selected emotionsto the centroid
of the positive emotion cluster. Note that labels with Dist reflect distance measures derived from the cluster analyses (eg, Dist Anxiety reflects the
distance of auser’'s emotional score from the anxiety cluster mean) and Emo reflects a specified emotiona cluster.
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Figure 3. Emotion clustering using both pre- and postactivity emotion endorsements. The points in the plot reflect positions in the first 2 principal
components defined by the Bray-Curtis distance between each pre- and postactivity emotional selection. The 8 circular clusters encompassing the
emotionswere defined by a permutation around medoids analysistechnique, in which 8 clusters maximized the average cluster silhouette scores. Cluster
boundaries are drawn on the smallest region including al underlying emotions. Emotions are labeled by clinical association such that terms clinically
associated with anger are in red and pink, depression in blue, anxiety in purple, and happinessin green.
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Mixed-Effects Modeling: Long-Term Use Effect on
Preactivity Mood and Emotional State

Using the average preactivity emotional scores, as well as the
cluster-based distance measures, as dependent variables, we fit
linear-mixed models with session, as well as the important
covariates, as independent variables, while accommodating
serial correlation emotions. The results using the average
preactivity emotional state scores suggest that a statistically
significant relationship exists between the number of uses of
the app (ie, session index) and the preactivity emotional state,
with an elevation in mood (ie, increase in positive emotions)
occurring with repeated use of the app. Adjusting for scale,
users experience a 2% improvement in mood after their first
session, a4% increase after their 10th session, and a6% increase
after their 100th session. The clinical relevance of this
improvement in mood needs to be investigated further. We
found that males have an average 2.5% higher (improved)
preactivity mood than females and that older users have amore
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RenderX

positive mood than younger users. Additional analyses suggested
that repeated use of the app resulted in specific improvements
in levels of anxiety and depression. After the first 10 sessions
with the app—which on average corresponded to a 63.4-day
period—users were 82% more likely to report no anxious
emotionsand 28% more likely to report no depressive emations.
This effect was even more pronounced when we only examined
userswhosefirst emotion endorsement reflected anxiety (440%)
or depression (1050%). Figure 4 depicts the effect size and
statistical significance of the estimated regression coefficients
for the analysis models with the average emotional scorein the
left panels and cluster-based emotion similarity scores in the
right panels. The statistical significance (ie, P values) were
calculated using a Wald-Z statistic approximation. Models fit
using a subset of users who reported anxious or depressed
emotionsintheir first session with the app arelabeled asprimary
models. The session index is consistently associated with
improvements in mood, suggesting, again, that repeated use of
the app positively impacts mood.
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Figure4. Linear mixed-effects regression coefficient estimates, their SEs, and P values (<.001***, <.01**, and <.05*) for models with the preactivity
emotional state as the dependent variable. Analyses with the emotion scoring method as the dependent variable are on the left panels and analyses using
distances from clustering as the dependent variable are on the right panels. Generalized Linear Model logit regression models were used with a binary
dependent variable indicating if the emotion terms endorsed at a session reflected anxiety (middle panels) or reflected depression (bottom panels).
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Mixed-Effects Modeling: Pre- Ver sus Postactivity
Mood or Emotional State

We also fit models that considered the ratio of preactivity to
postactivity emotional scores asthe dependent variable. Figure
5 plotsthe regression coefficients resulting from thefits of these
models with the ratio of average emotional score pre- to
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postactivity as the dependent variable (top panel) and theratio
of the distances between the emotions based on the clustering
(bottom panel). The results suggest that repeated use of the app
leads to increases in improvement of the mood/emotional state
achieved through ameditation or mindfulness activity—or rather
that the activities seem to lead to larger improvementsin mood
as the user has more engagements with the app.
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Figureb. Linear mixed-effects regression coefficient estimates, their SEsand P values (<.001***, <.01**, and <.05*) for modelswith pre- to postactivity
change in the emotional state as the dependent variable. An analysiswith the standardized change in emotion score pre- to postactivity as the dependent
variableisreflected in the top panel, and proximity to the positive emotional clusters as the dependent variable is reflected in the bottom panel.
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Discussion

Principal Findings

Our analyses show that repeated engagements with the SBT
app are associated with an improvement in users emotional
states over time. In the absence of a randomized control trial,
it is difficult to say with certainty that there is a direct causal
relationship between the use of the SBT app and emotional
state; however, given the large diverse sample size, we believe
that the impact of unmeasured covariates on our results (such
as external events in the users lives) is likely to be small,
although potential biasesin the users of the app may exist. The
effect we observed is more pronounced for users who often
endorse anxiety or depression when capturing their emotional
state at their initial uses. We also found that age and sex
covariates are associated with the basal mood or emotional state.
Ultimately, our analyses suggest the possibility that guided
meditations and mindfulness activities have the potential to be
effective ways of reducing anxiety, depression, and stress and
ultimately elevating mood, although the ultimate clinical
significance of the improvementsin the emotional state that we
observed needs to be explored. Our analyses did reveal other
interesting phenomena. For example, although a minority in
our study, mal estended to have higher baseline emotional scores
and responded better to the SBT app than females. The age of
a user was also found to be a significant correlate of the basal
emotional state, with older users generally endorsing more
positive emotions.

Limitations of the Study

Our analyses are not without limitations, the first and foremost
being that there is no control group and comparator app. This
makes it difficult to definitively state that guided meditation
and mindfulness activities are causally related or responsible
for the increase in baseline mood or emotional state over time.
However, given the sample size and magnitude of the effect,
the significant change in emotional state after immediate and
prolonged use of the app suggests that it has potentia as an
intervention. Another limitation is that all the information we
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analyzed was self-reported without any oversight by a third
party. There could be userswho did not follow instructions and
entered erroneous emotions to expedite engagement with the
meditations. Many of the individuals we did include in our
analyses did not record emotionsfor each and every one of their
sessions, resulting in many incomplete observations. Findly, a
potential limitation with our analyses is that there could have
been aheavy selection biasamong theindividual susing the app
in the sense that they were motivated enough to download it
and use it. Thus, this may be an indication that they could be
predisposed to responding positively to the app.

Broad Emotional State Transitions

Our use of the emotion clusters and similarity scoring of
emotions based on our cluster analyses of those emotions
allowed us to explore how often individual users transitioned
from one broad set of analogous and almost synonymous
emotions to another. On the basis of these analyses, we found
evidence that, in general, individual users emotional states
move from negative to positive over repeated uses of the app.
We find that anxiety-prone and more depressed individuals
benefit from the app more than others. These findings, as with
the analyses, need to be verified in more controlled settings,
such as randomized control trias, but again suggest that there
is promise for the app and related apps in clinical and public
health settings.

Future Directions

There are anumber of questions that deserve attention beyond
those that we addressed with our data. For exampl e, the number
of uses of the app may not reflect the total length of time the
app was used (eg, a user could engage with the app intensely
over ashort period of time or stretch their use out over alonger
period of time). Assessing the impact of the number of uses
versuslength of time on outcomes could provideamoredetailed
insight into the benefits of the app. In addition, it would be good
to seeif acompanion study designed especialy for adolescent
populations also has a positive effect on their emotions[29]. In
addition, special clinical populations may benefit from the app
(eg, clinically depressed individuals and individuals with
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addictions). It would be of value to explore analyses that focus
on the impact of large-scale social stressors (eg, school
shootings, national election results, and natural disasters) on
the use of the app as well asits effects on mood in the wake of
stress-inducing events. Geolocation data on users could better
define such exposuresto social stressors should they belocation
specific (eg, a natural disaster in a particular state). Finally, as
emphasized, it would be ideal to test the utility of the app in
bona fide clinical trials to determine which aspects of the app

Athanas et al

state aswell asidentifying subgroups of individual sthat appear
to respond best to particular activities.

As more and more attention is given to the delivery of health
care and health maintenance strategies through devices such as
smartphones, robots, and tel emedi cine communications, greater
sensitivity to the nuanced effects of these devices should
motivate studies of them that are pursued in a comprehensive
manner. Such sensitivity and more elaborate studies could also
lead to more efficient and sophisticated deployment of these

are causally related to improvements in mood and emotiona devicesand help combat the need for expensive and logistically

challenging visits to health care providers.
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Multimedia Appendix 2

Histogram of time from first to last recorded session for users with at least ten sessions and six emotional check-ins. On average
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Abstract

Background: Video game playing isadaily activity for many youths that replaces other media forms (eg, television); it serves
as an important source of knowledge and can potentially impact their attitudes and behaviors. Researchers are, thus, concerned
with the impact of video gaming on youth (eg, for promoting prosocial or antisocial behavior). Studies have also begun to explore
players experience of gameplay and video game messages about violence, sexism, and racism; however, little is known about
theimpact of commercial video gamesin the sharing and shaping of knowledge, and messages about mental illness.

Objective: The aim of this review was to identify how mental illness, especially psychosis, is portrayed in commercia video
games.

Methods: We performed keyword searches on games made available between January 2016 and June 2017 on Steam (a popul ar
personal computer gaming platform). A total of 789 games were identified and reviewed to assess whether their game content
was related to mental illness. At the end of the screening phase, atotal of 100 games were retained.

Results: We used a game elements framework (characters, game environment/atmosphere, goals, etc) to describe and unpack
messages about mental health and illnessin video games. The majority of the gameswe reviewed (97%, 97/100) portrayed mental
illnessin negative, misleading, and problematic ways (associating it with violence, fear, insanity, hopel essness, etc). Furthermore,
some games portrayed mental illness as manifestations or consequences of supernatural phenomena or paranormal experiences.
Mental illness was associated with mystery, the unpredictable, and as an obscure illness; its treatment was also associated with
uncertainties, as game characters with mental illness had to undergo experimental treatment to get better. Unfortunately, little or
no hope for recovery was present in the identified video games, where mental illness was often presented as an ongoing struggle
and an endless battle with the mind and oneself.

Conclusions: Thegameelementsof theidentified commercial video gamesincluded mental illness, about which many perpetuated
well-known stereotypes and prejudices. We discuss the key findings in relation to current evidence on the impact of media
portrayals of mental illness and stigma. Furthermore, we reflect on the ability of serious video games to promote alternative
messages about mental illness and clinical practices. Future research is needed to investigate the impact that such messages have
on players and to explore the role that video games can play in fostering alternative messages to reduce the stigma associated
with mental illness.

https://mental .jmir.org/2019/5/e12418/ JMIR Ment Health 2019 | vol. 6 | iss. 5 [e12418 | p.81
(page number not for citation purposes)


mailto:manuela.ferrari@douglas.mcgill.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

(JMIR Ment Health 2019;6(5):€12418) doi:10.2196/12418

Ferrari et a

KEYWORDS
mental disorders; socia stigma; video games

Introduction

Background

More than 1.8 billion people play video games worldwide [1].
In a US nationa survey, 1102 teens aged 12 to 17 years
described video gaming as a daily activity [2]. Contrary to a
popular belief that views video game playing as a solitary
activity, most youth (76%) played video games with othersin
person or on the Web, and only 24% played aone. In addition
to console games (Xbox, PlayStation, or Wii), youth reported
playing games ontheir desktop or laptop computers. First-person
shooters, action, and sport games were the top types of video
games played; however, most youth did not limit themselves
to just one game genre [2].

Given the popularity of video games among young people,
researchers have been studying the role that this technology
plays in promoting prosocial and antisocial behavior among
players. The vast mgority of research has focused on the
negative impact of video games, describing their potential to
lead to aggression, addiction, and depression [3,4]. However,
new emerging research challenges this body of work. Notably,
Zendle critically analyzed the relationship between violent
content in video games and aggressive behaviors [5]. Zendle
found that it was players’ frustration with game complexity and
difficulty that led them to behave more aggressively after
playing rather than the violent content within games.

Emerging literature has also identified the benefits of playing
video games in promoting better attention, memory and
problem-solving skills, and enhancing one's ability to copewith
failures, manage emotions, and sociaize[6]. Furthermore, novel
research has focused on the impact of commercial games as
health interventions, psychotherapy tools for assessment, and
in teaching socia skills [7]. In addition, a few reviews have
been published to evaluate the effectiveness of video game
technology inthetreatment of different mental health conditions
(eg, depression and anxiety) [8-10].

Studies have also begun to explore players experience of
gameplay and video game messages about violence, sexism,
and racism [11-14]. However, little attention has been devoted
to messages about the experience of mental illness in
commercia video games[15-17], theimpact they may have on
attitudes toward and understandings of mental illness, and how
they could perpetuate stereotypes and/or stigma about mental
illness. Shapiro and Rotter [ 16] reviewed 96 popular commercia
video game characters (highest-selling video games from 2011
to 2013) comparing them with mental illness stereotypes
identified in movies[16,18]. Almost al identified video games
(93 of 96) depicted at least one character with mental illness
whilelinking mental illnessto dangerous and violent behaviors.

Apart from afew published works that looked at mental illness
messages in video games [15-17], most of our current
knowledge about media portrayals about mental illness concern

https://mental.jmir.org/2019/5/€12418/

movies, television (TV), and cartoons. Since the 1990s,
researchers have studied the impact of media (eg, TV,
newspapers, and cartoons) portrayals of mental illness on the
public [19-22] and most recently on children [23]. Specifically,
these depictions perpetuated the stereotype that people suffering
emotionally might be mentally ill, dangerous, or violent
[18,24,25]. The portrayal of persons with mental illness as
dangerous, incurable, and incapable of controlling their illness
has been shown to promote negative attitudes about mental
illness and problematic behaviors toward persons with mental
illness [26]. In their study on verbalizations (labeling) about
mental ilInessin Disney animated films, Lawson and Fouts[23]
found that of the 40 full-length animated feature films produced
between 1937 and 2001, 34 films depicted mental illnessusing
terms such as crazy or nuts. Specifically, these termswere used
to marginalize and denigrate the characters to whom they
referred. Under the influence of media messages, children and
youth can begin stigmatizing mental illnesses from arelatively

early age.

Asdescribed, negative portrayal s of mental illnessin traditional
media are a matter of social concern; however, the impact of
mental illness—related content in video games is unknown. To
unpack how reality is presented via video games and the
potential that these presentations have for shaping youth
perceptions, it is necessary to understand the narrative rhetoric
of game content [27], and the messages that games portray.
Review Aim

The aim of this exploratory study was to examine the labels
used and overall messages about menta illness, especially
psychosis, portrayed in video games currently on the market.
We explored not only how the experience of mental illnesswas
portrayed in these games but also how treatment and the settings
of care were described and represented. We focused on
psychosis because it is among the most stigmatized mental
illnesses in TV shows and movies, mainly because its unique
manifestations through hallucinations and del usions capture the
imagination of writers, producers, and audiences [28,29]. Our
specific research question was asfollows: Howis mental illness,
especially psychosis, as well as its context (eg, treatment and
settings of care) portrayed in commercial video games?

Methods

Epistemic Framework: Discour ses, M essages, and
Mental Health Stigma

Informed by critical discourse analysis[30], thiswork explores
the language used to describe and explain mental illness in
recently released commercial video games. Critical discourse
analysis examinestheform, structure, and content of discourse,
including the wording chosen and used in a text, to unpack
direct and indirect messages sent to the audience.
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Theoretically, stigma about mental illness is generated and
shaped by labeling and stereotyping. Labeling refersto the use
of aterm to define a person that impacts peopl€e's attitudes,
beliefs about, and behaviors toward that person [31]. Labels
ascribed to aperson with amental illness can generate positive
or negative connotations about that individual. For example,
describing a person with psychosis using words such as
dangerous can denigrate the person and the person’s illness
experience. Stereotyping is the application of a belief about a
person that can shape on€'s behavior toward that person.
Stereotypes can arise from labeling, cultural beliefs, and direct
or indirect exposure to a person or a group. If, for example, a
person with a history of mental illness commits a crime,
especialy aviolent one, media reports may use terms such as
psychotic or out of control to describe the perpetrator. In such
ascenario, aconnection is made among the person in question,
the person’s mental illness, the labels used, and the crime
committed, which perpetuates the stereotype that people with
mental illness are violent and dangerous. A review of
epidemiological studies shows that the majority of people with
mental disorders do not engage in violence against others and
that they are actually more at risk to harm themselvesthan others
[32].

Mental illness stigma can lead to 2 problematic behaviors:
marginalization, or the separation between us and them [33],
and discrimination, or behaviors that deny social participation
or access to resources. Research has shown that stereotypical
beliefs about mental illnesses and personswith mental illnesses
contribute to social discrimination, including in the domains of
jobs and housing [34-36]. Furthermore, it has been suggested
that adults' stereotypical beliefs about mental illness may have
originally been acquired through media exposure in childhood
and teen years [37-39].

Search Strategy

On Steam, apopular personal computer (PC) gaming platform,
we performed keyword searches using the following terms:
“asylum,” “insane” “crazy,” “mad,” “madness” “mental,’
“psycho,” “psychotic,” “psychosis,” and “schizophrenia’ on
gamesreleased between January 2016 and June 2017, to capture
15 years of commercia video game production and
dissemination. We selected the Steam platform because it has
accessto awide variety of gaming genres and indie games, with
PC game sales on this platform being ailmost as high as all
console game sales[40]. In addition to popular and well-known
terms or labels associated with psychosis such as “crazy” and
“insane,” we searched for formal/medical terms such as
“schizophrenia’ and “ psychosis.” A similar key-terms strategy,
amix of clinical terms and common menta illness labels, was
also used in the study by Shapiro and Rotter [16].

A total of 2 reviewers (MF and SM) systematically used the
selected keywords on Steam to identify games for inclusion in
the analysis. Games were included for full-text review if (1)
they were published on Steam between January 2016 and June
2017 and (2) regardless of genre, they featured and/or presented
mental illness and/or mental health content. MF and SM first
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performed a preliminary screen to identify which games were
available within the aforementioned period, which yielded a
total of 789 games. Furthermore, the reviewers systematically
reviewed the Steam game descriptions to exclude games in
whose synopses the identified keywords appeared, but not in
the context of mental illness (eg, only inthetitle asin the game
Crazy Fishing). If a game did meet the criteria, its game
information was extracted from Steam’s website and imported
into an electronic database for analysis. On the basis of this
search criteria, 100 games were retained for data analysis.

Data Extraction and Coding

We created an electronic database of al retained games.
Metadata such as game title, year, genre, and synopsis were
entered in an Excel file. The Excel file was then exported into
Atlasti version 8 (Atlas) [41] to perform thematic analysis. We
followed Braun and Clarke's [42] steps for thematic analysis,
informed by an inductive processthat began by generating initial
codes and themes, and then creating acoding manual . According
to the authors [42], thematic analysis is a flexible analytic
method that can be effectively applied across a range of
epistemol ogical approaches, including discourse analysis[43].
Codes and themes were reviewed and redefined by exploring
relationships between code-level and theme-level preliminary
analysis. We interpreted the meaning of each identified theme
in relation to our research question: How is mental illness,
especially psychosis, as well as its context (eg, treatment and
settings of care) portrayed in commercial video games? Finaly,
we further unpacked and finalized the analysis by comparing
the identified themes with game elements such as genre, game
characters, story, atmosphere, game goals, and the game
environment, and we used thisframework to report our findings.

Results

Video Game Taxonomy and General Overview

Information about the 100 games retained for analysis is
presented in Table 1 and Figure 1. Overall, the keywords that
produced the most hits were “insane” (198/789), “crazy”
(244/789), and “mad” /* madness” (244/789), which may reflect
the colloquial use of these words to describe excitement, fun,
or a “wild” experience. For instance, “crazy” was mainly
associated with puzzle games for children and younger
audiences. Words such as “crazy,” “insane” and “madness’
were used to convey characters who do not abide by rules or
environments that are chaotic or creative. For example, Crazy
Saloon VR (Monsieur K, 2016) is described as follows:

Discover the Old West with this quirky saloon
simulator...There is a free mode where you'll be able
to roamfreely around the saloon shooting things and
stuff, fully express your craziness creativity!

The game TRATEL64 (UWILMOD, 2017) explicitly equated
“insane” with “eccentric”:
Sice, Shipe, Sab, and Shoot your way through 64

insane targets! Experience the insane (or eccentric
if you prefer) personalities of a truly twisted world!
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Table 1. Game analytics summary for 100 games.
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Keyword? Gamesper  Total number of gamer reviewsposted ~ Average cost of games ~ Games with viewing restrictions (age

keyword, n  on steam ($CAD), mean restriction or “not safe for work™), n (%)
N Median

Insane 25 4221 44 9.81 11 (44)

Mad/Madness 25 18,702 78 10.01 5(20)

Crazy 16 7139 80 12.38 4(25)

Asylum 14 19,088 205 5.42 7 (50)

Mental 13 3704 58 8.84 3(23)

Psycho 4 621 89 10.29 0(0)

Psychosis 1 16 _b 5.49 1(100)

Psychotic 1 88 — 12.99 0(0)

Schizophrenia 1 23 — 0.60 0(0)

8 nformation accurate as of September 2018 (see Multimedia Appendix 1 for more details).
BNot applicable.

Figure 1. Video games extraction summary.

1464 total hits

789 were released in
January 2016 and June 2017

i

100 games were kept for
review and coded

—— —

689 games did not meet inclusion criteria
(eg. duplicates or did not include
keyword in appropriate way)

.

Keyword: Insane
(n=25)

Games reviewed:
Abandoned Hospital
I'R

Black Mirror

Chaser

Corridor 15
Dimension Hunter VR
FEdge of Insanity
(iloom

Insane Decay of Mind:
The Labyrinth

Insanity VR: Last Score
Metonvimy

Ohserver

Orphan’s Treasure
Ouroboros: Prelude
Psyehical Madness
Rise of Insanity

Road Rage

Roots of Insaniiy
Stnistry Sifininm
Status: Insane

Stay Waoke: Ethercal
Edition

The Scrungeon Depths
Tokva Dark
TRATELGY
UNLOVED

Unrested Development

Keyword: Mad/Madness
(n=25)

Keyword: Crazy
(n=16)

Games reviewed Games reviewed:
101 Ways o Die

Araya

Berween Me and the Night
Corinne Cross s Dead &

Mages
Angels of Death
Breathing eai

Academagia: The Making of

(n=13)

Games reviewed
AMOK

Blue Sheep
Lmparivm
Horror Hospiial

Keyword: Mental

Keyword: Asylum
(n=14)

Games reviewed:
Arkham Nightmares
Awakened

Deceli

Final Rest

Brealfasi

Dark Passenger

Darle Throne

Dead Stop

Downfall

Lhrace the Fear
Goetia

Last Answer

Fast Will

Layers of Fear

Mad Father

My Own Litrle Planer
(One Sofe Purpose
Ouilast 2

Phobia

Reflection of Mine
Roadiiller?Z

Shrouded in Sanity
Strange Night

The Dungeons of Casile
Madness

The Infections Madness of
Daocror Dekker

The Lasi Door: Season 2

Carmageddon Max Damage

Crazv Biggy Racing

Max VR

v Saloon VR

Crazy Sapper 3D

Gane in November
Overdosed: A Trip o Hell
POSTAL Redux

The Legend: A University
Story

The Zombiest Adveninwres in
the Perverted Age of
Enlighicnment with a Pinch
of Woodpunk

Think to Die Episode 2
Twisty's Asylwm Escapades
We Happy Few

We Hanov Few

Horror in the Asvium
Lithivm: Tnmare 39
Midnight Carnival
One Smaill Fire at a Time
Phantasmagoria 2: 4
Puzzle of Flesh
Phantasmal: City of
Darkness
PSYCHO-PASS,
Mandatory Happiness
The Har Man: Shadow
Ward

The Sun Will Rise

Green Hidls Sanitarium
Medford Asylum
Paranormal Case
Memal Asylum VR
Nightmare Adventures:
The Witeh's Prison
Possessed

Project RPG

Redrum: Dead Diary
Shadows of Kurgansk
The Janitor

Turner

Similarly, the description of Crazy Sapper 3D (Aratog LLC,
2016) noted the following:

A mad retired General named Boris has hidden a
devastating acid vaccine on a secret base...There's
only one man standing in the way of Boris dream of
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Keyword: Psychotic
(n=1)

Game reviewed:
Agatha Knife

Keyword: Psycho
(n=4)

Game reviewed:
2Dark

Slavaway Camp
The Puppet Masier
UltraGoodiness

Keyword: Psychosis
(n=1)

Game reviewed:
The Wendigo

Keyword: Schizophrenia
(n=1)

Game reviewed:
Invisible Mind

creating a super-bomb and endaving the entire world:
a crazy sapper named Max!

Inthisexample, Boris, the antagonist, and Max, the protagonist,
both embody being “mad” and “crazy” —stereotypical terms
associated with mental illness. The frequency of their occurrence
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and their use as selling pointsin the game synopses suggest that
terms such as “crazy” and “mad” were accorded (by game
creators) or had cometo acquire (among gamers) some desirable
connotations.

On the other hand, keywords that were more medical in nature
produced fewer hits, with “psychotic” resulting in only 4 hits
out of 789, “psychosis’ in only 3 hits, and “schizophrenia’ in
only 1 hit. Unlike the word “crazy,” medical terms such as
“psychosis’ and “schizophrenia”’ can bring alevel of formality
and seriousness to games that gamers may not seek, leading to
their avoidance or exclusion by game marketers [44,45].

Although the style of game play varied, the genres of games
were relatively homogeneous, with most games pertaining to
action and adventure genres (83%, 83/100), and a majority
(68%, 68/100) being tagged by users as containing horror,
violence, and gore.

Mental IlIness and Game Elements

Using the game elements framework [46], we unpacked and
described messages about mental illness presented in the
identified games. Specifically, we explored these messages
based on the following structure: themes associated with the
main and secondary characters of the game, the game
atmosphere (including location, time period, and overal
environment), game goals, and how the game described mental
illness and its experience. For each section, we provided an
estimate of the percent of games that pertain to the themes
presented. This estimate accounts for the potential overlap
among themes.

Mental 1lIness and Game Characters. Being Violent,
Lost, Lonely, or Helpless

Of the 100 games we reviewed, ailmost al game characters
(whether the main character or secondary characters) were
described as “psychotic,” “crazy,” “mad,” “eccentric,”
“paranoid,” “unusual,” “evil,” and “insane.” In approximately
30% to 35% of games, characterswere portrayed as either being
violent and/or as being lost, lonely, or helpless.

In the reviewed synopses, in approximately 16% of games, the
characters were described as violent or aggressive. This was
especialy true of characters who were portrayed as having
psychosis, whether explicitly or implicitly, through behaviors
such as hearing voices or seeing visions. For instance, violence
and “being psychotic’ were paired and emphasized in
UltraGoodness (Rasul Mono, 2017; 80% of 89 gamer reviews
were positive), agame that requires playersto fight “africking
army of psychos’ and “splatter blood all over the levels.”
Although apparently comedic and satirical, the game creates a
connection between violence and persons with mental illness
(who, in this case, are victims). A similar connection was
observed in Sayaway Camp (Blue Wizard Digital, 2016; 96%
of 409 gamer reviews were positive), whose description reads:

Sayaway Camp is a killer puzzle where you control
Skullface, a psychotic dlasher bent on slaughtering
camp counsellors...this adorable murderer dlides
around isometric puzde levels decapitating,
squashing, and perforating his bloody victims.
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In approximately 15% of games' synopses, protagonists were
described as lost, lonely, or helpless in some way. Often,
protagonists had to find characters who were lost or were
themselves lost. In some games, the journey of mental illness
and recovery was therefore represented through a character
finding what was lost and overcoming challenges that drive
themto “insanity.” For instance, players of My Own Little Planet
(Lucas Parise, 2017; 63% of 11 gamer reviews were positive)
must help a “lost boy who is trapped on a dark and strange
world.” They haveto “fight [their] deepest fears’ to “ put an end
to [the] infinite loop of madness and fright.”

This theme of finding what was lost was also emphasized in
Tokyo Dark (Cherrymochi, 2017; 91% of 373 gamer reviews
were positive), wherein the protagonist, Detective Ito, in her
quest to find her missing partner, begins to “question her own
sanity.”

Mental |lIness and Atmosphere

In unpacking rel ationshi ps between depi ctions of mental illness
and game atmosphere, approximately 75% to 80% of games
had game settings and ambiances that pertained to themes of
mental illness.

Game Setting

Overdll, it was interesting to notice how some games (10%)
depicted time periods reminiscent of the Victorian and
Edwardian eras, referring to mental health carein historic terms
(eg, describing mental health institutions as asylums or
sanitoriums). For instance, Arkham Nightmares (Tim Rachor,
2016; 20% of 10 gamer reviews were positive) takes place in
the “Lovecraftian Arkham Sanitorium” and Layers of Fear
(Blooper Team SA, 2016; 91% of 6831 gamer reviews were
positive) takes place in a*“Victorian-era mansion.”

Thetroubling and ethically questionable history of the treatment
of mental illness provided asuitably macabre context for horror
games such as The Hat Man: Shadow Ward (Game Mechanics,
2016; 67% of 2937 gamer reviews were positive), which tells
“the real-life story of the events that took place at the Canton
State Insane Asylum fifty years ago, as reported by those who
survived.” Its players are “thrust into a living nightmare” in
which “electricity and communication with the outside world
has been cut off, and the asylum is being terrorized by
supernatural beings.” Obviously, supernatural beings did not
roam the halls of the Canton State Insane Asylum, but the
asylum did exist and had a problematic history. Using it as a
setting served to enhance the believability of the game's story.

Furthermore, mental health care in futuristic games (6%) also
described the health care setting in negative ways. In these
dystopian futures, the “mentally ill” are restrained, contained,
and constantly surveilled. In one such game, Observer (Blooper
Team SA, 2017; 82% of 1704 gamer reviews were positive),
players assume the role of an Observer, “the new front line of
neural police” and must “hack into the jagged minds of the
insane” The synopsis further describes the game's setting as
follows:

In this future, anything you think, feel, or remember
can be used against you in a court of law...The year
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is 2084. Those who live have turned to drugs, VR,
neural implants- anything to distract themselves from
this new reality.

Therefore, in both past and future scenarios (16% of games),
individuals with mental illness are depicted as dangerous, in
need of containment and separation from society, and requiring
treatment that involves constant surveillance by doctors or
authority figures, usualy in asylums.

Some games (19%) used hospitals and asylums as elements of
the environment and story. Asylums and hospitals were
described as “abandoned,” “decrepit,” “dark,” or in a “state of
disarray.” Asylumswere also associated with potentially illegal
or strange activity. For example, in Janitor (VOS Gaming, 2016;
20% of 25 gamer reviews were positive), the player, Max, isa
janitor “sent to an asylum by his boss to repair a broken pipe
and abroken electric panel.” The synopsis states the following:

Max knows the asylum is abandoned...His boss
warned him not stay long there. Once arrived he
quickly notices that something is wrong. Blood
everywhere and strange noises can be heard. Short
time after looking around a went-wrong experiment
of the government rushes to him.

In such games, environments (ie, characters' homes, cities, or
minds) were often described as unsettling, disturbing, and in
some form of chaos. For instance, Insanity VR Last Score
(Threevol, 2017; 86% of 103 gamer reviews were positive) is
set inside the mind of a psychiatric patient:

The game tells the story of a grey future where...it is
possible to enter another’s subconsciousness and
treat their psychological problems...The player enters
the subconscious mind of a former instrument maker.
Shortly after the entry...he is locked inside. During
the search for a way out, the terrible past of the
instrument maker isgradually revealed and the player
discoversthat he is not alone.

Contrastingly, the game Horror Hospital (KNP, 2016; 26% of
156 gamer reviews were positive) takes place in the
protagonist’smind, but the story included the“ patient’srecovery
and awakening” In addition, the game setting was aso
associated with dark, disorganized, supernatural, or disturbing
places.

In addition to abandoned, disturbing, and broken spaces, 27%
of gameswere set in dangerous, unpredictable, and violent cities
or worlds on the verge of collapse. Houses were portrayed as
scary and dark and described as“ littered with corpses and other
horrors’ or “teeming with inferna creatures.” Cities were
portrayed as dangerous, “ravaged by war,” “drug-fueled,” and
“perilous.” For instance, Shrouded Sanity (Steve Gal, 2016;
85% of 221 gamer reviews were positive) is set in an estate
filled with “violent inhabitants’:

A strange and repelling madness took hold of the
servants...and they will attack on sight...Discover the
secrets of the estate, as you look for answers among
the violent inhabitants.
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A similarly violent environment is depicted in POSTAL Redux
(Running With Scissors, 2016; 90% of 944 gamer reviewswere
positive):

Crazed gunmen out for your blood await you around
every corner. The only choice is clear: Get them
before they get you. Fight back with a devastating
arsenal as you make your way through a
violence-stricken town.

Game Ambiance

Game ambiancerefersto theoverall “feel” and atmosphere that
avideo game portrays.

Game synopses (17%) boasted creepy and eerie music and
emphasized the supernatural. One game described an asylum
as being “full of paranormal activity.” Paranormal activity was
a salient and recurring theme, with 11% of games describing
buildings or hospitals as being cursed or haunted by ghosts and
“otherworldly horrors” Game environments were described
using termssuch as“ living nightmare” or as spaceswhere“fear
and horror intertwine.”

Creepy and horror-filled atmospheric elementswere particularly
striking in Layers of Fear, a game that requires players to take
on the role of an “insane” painter who must navigate a dark,
ever-changing mansion to uncover clues about hiswife's death:

Delve deep into the mind of an insane painter and
discover the secret of his madness...Uncover the
visions, fearsand horrorsthat entwinethe painter...A
sense of insanity means each turn of the camera may
completely change the look of your surroundings.

Creepy imagery was also a key feature of Medford Asylum:
Paranormal Case (Mzone, 2016; 46% of 43 gamer reviews
were positive), where its protagonist “must find what forced
workers to stop the renovation. They are frightened by this
‘haunted’ place.”

Horrific, foreboding descriptors were used not only for games
environments but al so for the mental illnessitself. For instance,
The Infectious Madness of Doctor Dekker (D’ Avekki Studios
Ltd, 2017; 81% of 191 gamer reviews were positive) requires
players to explore the “shadow reality” that their “patients
inhabit.”

Mental |lIness and Game Goals

Video game goals refer to the objectives that players must
achieve to progress, complete, or win the game. In exploring
the relationship between mental illness and game goals, we
identified the following themes:. solving/uncovering amystery,
survival, finding an escape, and restoring normalcy in
approximately 65% to 70% of games.

A large portion of games (30%) dealt with solving puzzles or
resolving mysteries. In addition to deploying puzzle solving as
agame mechanism, many such gamesrequired playersto solve
murder cases, discover suspects, or piece together “ mysterious
circumstances.” For instance, the objective of Rise of Insanity
(Red Limb Studio, 2017; 80% of 287 gamer reviews were
positive) is as follows:
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As a doctor of psychology, you will discover the
gloomiest parts of the human brain. Overcome your
fear and find out what really happened to your
family...No one knows what has happened to your
family... The only suspect isyour patient on whomyou
aretesting your experimental treatment methods. Who
isresponsible for everything that has happened?

The goal s of other gamesinvolved understanding or discovering
phenomenaor scenariosthat wereinitially unclear to the games
characters or players. Examples included game goals such as
“discovering the secret to his madness,” “understand what is
going oninhismind,” or “discover whoisreal.” A casein point
is Reflection of Mine (Redblack Spade, 2017; 85% of 89 gamer
reviews were positive) that takes place in the mind of ayoung
girl with a dissociative identity disorder. Its synopsis reads:

The entire game takes place in the broken mind of
Lilly Witchgan, and the goal is to discover who is
real—Lilly hersedf or one of her many
personalities...Here, madness is represented as it
really is—Lilly is a foreigner inher own body...

Other games involved finding what is lost to the character. In
one such game, players are tasked with finding the character’'s
missing client. In another, the protagonist has to search for a
friend or family member. However, most games whose plots
involved a mysterious element dealt with uncovering or
discovering forgotten parts of a character’s past or atraumatic
event.

Survival was a significant theme in the games reviewed. Many
games (14%) required players to survive passage through
dangerous aresas, the onslaught of enemies, or even, in the case
of one game, “the horrors within.” Abandoned Hospital VR
(Munsunghyun, 2016; 67% of 3 gamer reviews were positive)
requires playersto find objectsto “ stay alive and to escape from
the hospital.” Overcoming concrete challenges, obstacles, and
traps or some more abstract conceptual testswere also common
tropes. In Between Me and the Night (RainDance LX, 2016;
68% of 81 gamer reviews were positive), players have to solve
puzzlesto reveal new places and “ overcome the shadows of the
night.”

Game goals often (14% of games) involved escaping, either
symbolically (eg, “finding an exit to this madness’) or
concretely (eg, “ escapethe asylum™). For instance, in Awakened
(Jesper Michael Petersen, 2016; 0% of 3 gamer reviews were
positive), escaping the “asylum for the criminally insane”
involves “escaping the voices in [the protagonist’s] head.” In
many games, the escape to avoid being affected was from a
hospital or asylum, with somerequiring playersto fleethe“lairs
of psychopaths’ or the “clutches of an evil doctor.” In Satus:
Insane (Frostbullet, 2017; 95% of 20 gamer reviews were
positive), escaping an asylum is the sole objective and story
line:

Igor must escape from a mental asylum but it's not
going to be easy. There aretwo obviousreasons:. |gor
is constrained by a straitjacket; The asylum's
corridors are filled with armed guards (and other
obstacles). In addition to the dangers coming from
outside, Igor is going through a war inside his head:
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His Imaginary Friend is constantly demanding him
to cancel his silly escaping attempt.

This game robustly outlines many mental illness
stereotypes—that escaping mental illness is futile, that mental
health institutions are dangerous, and that patients in these
institutions are constrained and confined by force.

Finally, the retention or regaining of sanity was an important
goal in the story lines of some games (10%), describing the
need to “end the infinite loops of madness and fright” or
“maintaining mental health while facing the worst” For
instance, the synopsis of Phantasmal: City of Darkness
(Eyemobl, 2016; 41% of 115 gamer reviews were positive)
stated:

You are fragile. Not just physically, but mentally as
well. The grotesque creatures will challenge your
very sanity and losing your mind can be a fate worse
than death!

Here, the maintenance of sanity isdeemed difficult and insanity
is deemed the worst consequence. The fragility of sanity was
also referenced in Between Me and the Night, which boasted
an experience that walked players through the “thin path
between sanity and madness.”

Recovery and normalcy too were described as fragile states in
Phantasmagoria 2: A Puzze of Flesh (Sierra, 2016; 80% of 26
gamer reviews were positive):

[The protagonist] has a steady job..a lovely
girlfriend. He's been out of the mental hospital for
exactly oneyear. All [the protagonist] wantsistolive
a normal, happy life, but something seems to have
other plans..Srange events, inexplicable and
terrifying, begin to happen all around him. [The
protagonist] begins to doubt his own sanity, and the
very fabric of reality.

Video games, thus, commonly depicted mental health asfragile
and unpredictable and recovery as difficult to achieve and
maintain.

The Lived Experience of Mental IlInessas a Central
Element of the Game

We explored whether and how mental illness was used as a
central element in games. Only a minority of games
descriptions (12%) included more medical terms such as
“dissociative identity disorder,” “delusions,” “depression,” and
“anxiety.” However, closer examination revealed that even
when these terms were used, diagnostic labels seemed to be
misapplied or used without afull understanding of their medical
meanings. This was especially true for terms associated with
psychosis and dissociation. Psychosis and other severe mental
illnessesweretypically associated with paranoia, lack of control,
being followed by a“ dark presence,” having an infection, being
a“foreigner in her own body,” having a “fragmented sense of
self,” being “locked in his own mind,” being “haunted by
nightmares,” and/or supernatural and paranormal experiences.
For instance, in The Wendigo (Warka, 2017; 93% of 16 gamer
reviews were positive), players have to participate in a
paranormal investigation to uncover the mystery behind an evil
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spirit that caused psychosis. The game characterizes psychosis
as being expressed through violent and unpredictable behavior
and the “insatiable desire to eat human flesh.” The association
between psychosis and the supernatural is also salient in
Redrum: Dead Diary (Anarchy Enterprises, 2016; 55% of 27
gamer reviews were positive):

Rose sees dead people who have been killed unjustly,
with their mortal wishes left unfulfilled. Her
super-practical father refuses to believe her ghostly
visions and puts her in an asylum, where she falls
into the clutches of the evil Dr. Sgmund Fraud. Help
Rose use her psychic powers to solve gruesome
murders and outwit a homicidal maniac in this
spine-chilling mystery.
Experiences of depression and anxiety were associated with
suffering, darkness, and being at the “bottom.” In Gone In
November (Florastamine, 2016; 53% of 152 gamer reviews
were positive), players follow the last days of aman diagnosed
with depression, described as follows:

A short experience where your choices and actions
don’'t matter. Texting messages to a social network
account...fencing your apartment to isolate yourself
from the outside world - what else someone can
possible do when they are at their bottom?

In contrast, the story of Blue Sheep (Noetic Games, 2016; 37%
of 16 gamer reviewswere positive) drew on thereal experiences
of the game devel oper:

Highly personal narrative driven by the

devel opers personal experience with depression and

suicide.
Playersassumetherole of the Outsider, ayoung black girl, who
experiences “the memories of awarrior who once opposed the
Beast” Blue Sheep is a puzzle game, in which the players
overcome obstacles (a possible metaphor for life's adversities)
to understand the truth behind the Beast, an adversary that
symbolizes depression.

Blue Sheep, however, was exceptional in its nuanced, realistic
portrayal. The mgjority of identified games (eg, Reflection of
Mine, Layers of Fear, and The Wendigo) did not capture the
multiplicity of emotions and lived experiences of mental
illnesses like psychosis. Instead, they focused on a limited
number of negative emotions such as fear and isolation and
resorted to dramatizations that left little space for the dignity
of those with mental ilIness.

Discussion

Principal Findings

In reviewing the characterization of mental illnessin commercial
video games, we found that the experience of mental illness,
including itstreatment and settings of care, was depictedin 100
games. Most of the gameswe reviewed (97%, 97/100) portrayed
and perpetuated well-known stereotypes and prejudices
associated with mental illness, namely, that those with mental
illness (especially psychosis) are violent, scary, insane,
abnormal, incapable, unlikely to get well, isolated, and fearful.
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Furthermore, some games portrayed mental illness as
manifestations or consequences of supernatural phenomena or
paranormal experiences. Asmental illnesswas often associated
with mystery, being unpredictable, and as an obscure illness,
its treatment was also associated with uncertainties, as game
characters with mental illness had to undergo “experiment
treatment” to get better. Unfortunately, little or no hope for
recovery was present in the identified video games, where
mental illness was often presented as an ongoing struggle and
an endless battle with the characters’ mind and themselves.

Although mental illness can indeed be a scary and isolating
experience for some, the stereotypical portrayals of mental
illness that we found are problematic because they are partial,
negative, and limited [47]. From unvarying characterizations
of the sort we found, Adichie [48] said:

The single story creates stereotypes, and the problem
with stereotypesis not that they are untrue, but that
they areincompl ete. They make one story become the
only story.

We discuss the key findings further in relation to current
evidence on the impact of media portrayals of menta illness
and stigma and the ability of video game technology
(particularly serious video games) to promote alternative
messages around mental illness and clinical practices, and we
conclude by presenting future research directions for thisfield.

The Power of Media Portrayalsand Stigma

As described, the conceptions of mental illness in the games
we reviewed tended to reflect common preconceived notions
of mental illnesses as dark, scary, isolated, and violent.
Furthermore, the person experiencing menta illness was
portrayed as having to overcome the negative experience by
solitarily winning awar within oneself. The treatment of mental
illness was portrayed as an experimental or an uncertain
treatment, where psychiatrists were violent, insane, and
dangerous. Treatment facilities, mainly represented in the form
of asylums, were depicted as abandoned, disturbing, creepy,
and haunted. In such settings, patients have to survive or escape
to remain alive.

These findings are concerning because the promotion of
predominantly negative attitudes and stereotypes is known to
foster discrimination against and the marginalization of people
with mental illness[49] and treatment settings (eg, mental health
hospitals). This is especialy salient in the context of video
games because of their popularity among youth. Studies have
shown that early exposureto characters stereotypically depicted
asmentally ill can causefear and anxiety in young viewers and
result in them avoiding individuals with mental illness
[22,37-39]. Research has also consistently demonstrated
negative consequences associated with adults stereotyped
beliefs about mental illness[50,51]. Stigmaand discrimination
also give rise to significant barriers when people with mental
illness seek help and access treatment [50,51].

Our findings align with and complement previous research that
has examined theimpact of TV newson attitudes toward mental
illness [25,52,53]. A recent study of a random sample of 400
American news stories about mental illness published from
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1995 to 2014 found that the association between mental illness
and violence remained strong over time. Although 55% of the
analyzed stories linked mental illness with violence (whether
interpersonal or self-directed), only 14% reported on recovery
from or the successful treatment of mental illness [54]. In a
similar vein, research, including 1 experimental study, found
that exposure to movies or news stories about mass shootings
was associated with harboring negative attitudes toward persons
with serious mental illness [25,52,53].

This study’s findings also align with Shapiro and Rotter’s
findings by confirming how mental illness is often portrayed
through video game characters that are violent, dysfunctional,
paranoid, eccentric, afflicted, and broken [16]. Moreover, this
study’s findings expand on such analysis by showing that the
misrepresentation of mental illnessin video gamesisnot limited
to video game characters but is fully embedded into the video
game experience through its environment, ambiance, and game
goals.

Serious Video Games: The Potential for Alternative
M essages and Clinical Practices

Co-Design Commercial Video Games for Social Good

Video games have been shown to be effective in promoting
learning [55,56] because of their interactivity, repetitiveness,
feedback loops, and propensity for emotional learning [57]. As
such, they can provide a unique avenue for countering
stigmatizing messages and “single story” narratives that create
stereotypes. Video games have the potential for telling engaging
stories that can shift gamers' perceptions about mental illness
[56,57]. According to Bogost [58], video games have a
persuasive power that goes beyond other forms of persuasion,
because in video games, learning is mediated by players
in-game decisions. Bogost argues that the more interactive a
game is, the more moved the player will be and, therefore, the
greater the potential for intellectual persuasion.

Recently, a few game developers have taken advantage of the
interactivity of games to tell engaging, rea-life stories about
mental illness. For instance, the developers of Hellblade:
Senua’s Sacrifice (Ninja Theory, 2017) consulted with
psychiatrists and people living with psychosis to create an
in-game experience that depicts psychosis redlisticaly.
Similarly, working in partnership with young gamerswith lived
experience of mental illness and addictions, the developers of
Debris (Moonray Studios, 2017) aso created a gaming
experiencethat focuses on coping with psychosisduring acrisis.
The game demonstrates how psychosis affects not just the
individual but also family members, friends, and fellow citizens
[59,60].

Noteworthy is the fact that Debris was designed using
participatory methodology. Its design processinvolved theinput
and perspectives of 5 youth with lived experience of mental
illness, Moonray Studio’s founder and project manager, and
academic researchers. These stakeholders met for 8 months to
discuss video game elements (game characters, story,
interactivity, graphics, etc), video game experiences, and
messages around psychosisand mental illness[61]. The 5 youth
felt that serious video games that attempt to describe the
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experience of living with mental illness should express empathy,
dignity, and compassion. Guided by these values, Debris sought
to promote messages of compassion and support toward mental
illness, rather than fear.

In addition to being developed in consultation with personswith
lived experience of and professionals with expertise in mental
illness, Hellblade: Senua’s Sacrifice and Debris share certain
attributes. Both games acknowledge the link between traumatic
experiences and psychosis, demonstrate how illness symptoms
(eg, hearing voices) are not always threatening or perceived
negatively by persons with psychosis, and depict the different
ways in which psychosis can be experienced. They exemplify
how video games can employ features, mechanisms, characters,
and story lines that can disrupt mental illness stereotypes and
potentially contribute significant new understandings of the
illness experience.

From the Console to the Clinic: Video Games for
Clinical Treatment

With growing acknowledgment of their potential for positively
impacting learning, video games are now used in treatment
settings to promote symptom remission and recovery from
mental illness. In a 2012 study, the video game SPARX was
found to effectively reduce depressive symptoms among
adolescents aged 12 to 19 years [62]. The authors concluded
that SPARX was a potential aternative to usual care for
adol escents with depressive symptomsin primary care settings.

Similarly, the game MindLight (Playnice Institute) was effective
in reducing anxiety symptoms among schoolchildren and
children with autism spectrum disorder [63]. The mechanisms
deployed in MindLight include exposure techniques (empirically
validated treatment components of cognitive behavioral therapy
for anxiety) whereby players are gradually exposed and
habituated to threatening cues until they become comfortable
with and less anxious about them; neurofeedback mechanisms
used to promote self-monitoring, relaxation, and concentration;
and attention bias modification that teaches players to shift
attention away from threatening cues and focus on positive
aspects of the environment to the end of attaining relevant goals.

Developed for youth and young adults, Reach Out Central isa
game that enables playersto learn skills and information about
health-seeking behaviors and progress to higher levels based
on the skill and knowledge achieved [64].

Such new-generation, evidence- and lived experience-informed
video games can effectively motivate and facilitate menta health
learning. They can even open possibilities for envisioning new
modalitiesfor providing careto youth and supporting caregivers
and health care providers [62-65].

Limitations

Being based solely on one game platform (Steam) for PC games,
our search engine did not capture all available console games
(PlayStation, Xbox, etc). Having limited ourselvesfor feasibility
concerns to games published over the course of 18 months, we
could not capture the evol ution of messages about mental illness
in video games over any significant length of time.
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Furthermore, in this review, we focused our keywords on
psychosis because it is known to be the mental illness that is
most frequently and strongly stigmatized [66,67]. Moreover,
our list of words was not exhaustive, as words such as “nuts’
were not included. Despite not including “depression” as a
keyword, we did identify some games with depression. It is
possible that some games may not have been captured by the
keywords we selected. Finally, not having played the games
identified, we could not comprehensively assess how mental
illness was depicted in them.

In addition, this review does not fully assess if any of the
identified gamesweretroll games or scam gamesthat are posted
to generate revenue but do not satisfy game design value or
players’ needs. Finally, we recognized that the impact that the
100 reviewed games have on the market is quite heterogeneous.
If we look at the game analytics, some games were reviewed
by a small number of players, whereas others by more than
15,000 gamers. Game players’ comments can be used to assess
the impact of the game; unfortunately, it is a poor measure as
not all gamers post areview and gamer satisfaction isbased on
many different elements (eg, graphics, game experience).
Degpite this acknowledgment of the variable reach the games
reviewed have, this review begins to unpack the negative
portrayals of mental illness by game designers and video game
industries.

These limitations notwithstanding, we employed novel
methodological and analytical approaches to explore mental
illness messages in video games. Video games are a new form
of mediathat has yet to be fully examined in the literature base
that has hitherto focused primarily on the depiction of mental
illnessin TV, news reports, and movies. This study’s methods
were similar but also different from methods described by
Shapiro and Rotter [16]. Our search was comprehensive but
also focused, aswelooked at all video games on Steam between
January 2016 and June 2017, without the use of a predefined
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analytical framework, as Shapiro and Rotter did. We instead
opted for an inductive approach. Finally, we expanded our
analysis to assess the representation of mental illness through
different game elements. As such, this review contributes
significantly to filling an important knowledge gap. Its salience
liesin the popularity of video games among young people, and
the strong potential for video games in enhancing learning
through repetition, interactivity, and immersion.

Future Directions

Future research initiatives can work to validate the themes
identified in this review. An ethnographic study is aready
underway on the gaming experience of the gamesidentified in
this review. Further research exploring players perspectives
on these games and how they portray mental illnessiswarranted.
Finally, an experimental study is required to assess how and
how much the messages about mental illness that this review
has identified shape players knowledge of, attitudes and
behavior toward, and beliefs about mental illness and persons
with mental illness.

Conclusions

Thevideo gameindustry and its consumers need to be educated
about the potential negative impact of ill-conceived messages
about mental illness and how these stereotypes can drive
discriminatory behavior. Asanew generation of collaboratively
developed games have shown, much stands to be gained from
researchers and clinicians partnering with the gaming industry
to create gamesthat can contain and promote positive, nuanced,
realistic, and compelling messages about mental illness. Such
games can meet gamers desires for adventure, pleasure,
challenge, and esthetics (eg, Debris) as well as meet the video
game industry’s desire to produce a successful and popular
video game, such as Hellblade: Senua’s Sacrifice, which sold
more than 1 million copies within a few months and had 91%
of 17,032 gamersrating the game as “ Very Positive” on Steam.
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Abstract

Background: Recent research has highlighted naturalistic uptake as a key barrier to maximizing the impact of mental health
technol ogies. Although thereisincreasing evidence regarding the efficacy of digital interventionsfor mental health, asdemonstrated
through randomized controlled trials, there is also evidence that technologies do not succeed as expected when deployed in
real-world settings.

Objective: This paper describes the naturalistic deployment of Pesky gNATS, a computer game designed to support cognitive
behavioral therapy (CBT) for children experiencing anxiety or low mood. The objective of this deployment study wasto identify
how therapists use Pesky gNATSs in real-world settings and to discover positive and negative factors. On the basis of this, we
aimed to derive generalizable recommendations for the development of mental health technologies that can have greater impact
in real-world settings.

Methods: Pesky gNATSs has been made avail able through a not-for-profit organization. After 18 months of use, we collected
usage and user experience datafrom therapistswho used the game. Datawere collected through an online survey and semistructured
interviews addressing the expectations and experiences of both therapists and young people. Thematic analysis was used to
identify key themesin the interview and survey data.

Results: A total of 21 therapists, who used Pesky gNATs with 95 young people, completed the online survey. Furthermore, 5
therapists participated in the follow-up interview. Confirming previous assessments, data suggest that the game can be helpful
in delivering therapy and that young people generaly liked the approach. Therapists shared diverse opinions regarding the young
people for whom they deemed the game appropriate. The following 3 themes were identified: (1) stages of use, (2) impact on the
delivery of therapy, and (3) customization. We discuss therapists’ reflections on the game with regard to their work practices and
consider the question of customization, including the delicate balance of adaptable interaction versus the need for fidelity to a
therapeutic model.

Conclusions: This study provides further evidence that therapeutic games can support the delivery of CBT for young people
in real-world settings. It aso shows that deployment studies can provide a valuable means of understanding how technologies
integrate with the overall mental health ecosystem and become a part of therapists' toolbox. Variability in use should be expected
in real-world settings. Effective training, support for therapist autonomy, careful consideration of different approaches to
customization, the reporting of deployment data, and support for communities of practice can play animportant rolein supporting
variable, but effective, use.

(JMIR Ment Health 2019;6(5):€12430) doi:10.2196/12430
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Introduction

Youth Mental Health

Recent years have witnessed significant progressin technologies
designed to support improved mental health in adults [1-5].
Although the evidence on the potential of technology to support
interventions with young people is growing [6,7], the body of
research in this area is more limited. This stands in sharp
contrast to the stated objectives of the international health
policies, where the prevention and treatment of mental health
problemsis a central objective [8,9], and where young people
are identified as particularly vulnerable [10] and requiring
specific attention [11,12]. Evidence suggests that 50% of mental
disorders emerge by 14 years of age and 75% present before 24
years of age [13]. The Global Burden of Disease figures reveal
that young people aged between 10 and 24 years represent 27%
of the world’s population within which poor mental health is
theleading cause of disability [14]. Unaddressed mental health
difficultiesin early life are associated with at least a threefold
increase in the odds of having a mental health disorder in later
life[15]. Early intervention iswidely encouraged to save lives,
prevent young people from falling into crisis, and help in
reducing the need for expensive long-term interventions in
adulthood [13]. Patel et a arguethat “more research isurgently
needed to improve the range of affordable and feasible
interventions, as most mental-health needsin young people are
unmet, even in high-income countries’ [10].

Therapeutic Games

This paper focuses on Pesky gNATS, acomputer game designed
to support the delivery of cognitive behavioral therapy (CBT)
for young people experiencing low mood or anxiety [16]. Pesky
ogNATsislocated among a growing body of research on the use
of serious games in mental health [17-19]. Other examples
include SPARX [20], Rainbow SPARX [21], The Feel Good
Island [22], Op Volle Kracht [23], Persona Investigator [24],
Ricky the Spider [25], Treasure Hunt [26], and The Journey
[27]. Many of these games have been the subject of small-scale
evaluations. Pesky gNATSs itself builds on a previous game,
ogNATSs Island (see evaluation in [28]). However, larger-scale
studies have also been conducted. A randomized controlled
noninferiority trial of SPARX demonstrated that it wasaviable
aternative to usual care for adolescents presenting with
depressive symptoms in primary care. By reducing the costs
and clinical resources associated with treatment, it has the
potential to help in addressing unmet demand [29]. A
randomized controlled trial (RCT) of The Feel Good Island
demonstrated the potential of a serious game to support CBT
for adults with intellectual disabilities [22].

Naturalistic Evaluations of Digital I nterventions

Pesky gNATSs is currently being evaluated through a multisite
RCT in primary care psychology servicesin Ireland [30]. That
study will alow us to understand the controlled use of Pesky
gNATsand provide robust evidence on the efficacy of the game.
This paper explores a different approach, focusing on the use
of the game in real-world settings, that is, outside of controlled
settings. We believe this approach is complementary to
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traditional RCTs and can help maximize the impact of digital
interventions.

The importance of alternative evaluation strategies for digital
interventions, including naturalistic studies, is increasingly
recognized by researchers [18,31,32]. In part, this reflects a
misalignment between the timescales of RCTs and the rapid
advancement and subseguent obsolescence of technologies. It
also reflectsthe limitations of traditional RCTsin understanding
theimpact of digital interventionswhen deployed in real-world
contexts. Discussing the evolving, interdisciplinary nature of
research on digital interventions, Blandford et al argue that “If
interactive digital health interventions are to be sustainable, and
agood investment...then it is essentia to invest time and effort
in ensuring that they are incorporated within broader care
delivery systems in ways that work well for professionals,
patients, and others involved in care” [33]. Increasingly,
researchers argue that implementation data should be routinely
analyzed to assess technologies and their fit in the real-world
[32,34].

These arguments are part of the ongoing discussions within the
literature on how to optimize the impact of digital technologies
within day-to-day services, with Fleming et a suggesting that
mental health technologies are not reaching or engaging the
intended users post release [34]. A comparison of real-world
usage and that found in controlled studies of MoodGY M, found
that adherence of usersinthe RCT [35] was significantly higher
than adherence in public users [36]. This is particularly
important given the evident correlation between adherence and
efficacy [37]. Another large-scale RCT assessing MoodGY M
and Beating the Blues al so found unexpected results. In contrast
with previous RCTs, no significant differences were found
between the digital interventions and usual care [38].

Similar discrepancies can be found within serious games
literature. Poppelaars et al [39] described a school-based trial
with adolescents reporting subclinical depressive symptomsin
which they compared the games Op Volle Kracht, SPARX, and
acombination of the 2 with await-list group. The study showed
no significant differences of depressive symptoms among the
4 groups [39]. The authors found comparable results in other
studies about Op Volle Kracht but found conflicting resultswith
a similar study by Wijnhoven et al, which reported positive
outcomes for the program [40]. Poppelaars et a suggested that
the differences may be attributable to stricter study inclusion
criteria used by Wijnhoven et al. In a similar comparison
regarding SPARX, contrasting results were found between the
studies by Poppelaars et a [39] and Fleming et a [20]. It is
argued that these differences can be caused by the different
participant environments (school-going vs school-excluded).
These findings demonstrated that small differences in study
criteria can have a significant impact on outcomes.

As noted above, this paper is grounded in the naturalistic
deployment of Pesky gNATSs. The aim of this deployment was
to identify how therapists used Pesky gNATs in real-world
settings. Building on this, the broader aim of this paper wasto
contribute toward generalizable recommendationsfor the design
of mental health technologies that can have greater impact in
real-world settings.
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Pesky gNATs

Pesky gNATsisa3-dimensional (3D) computer gamethat helps
to teach young people CBT concepts and skills [16,41]. Here
we briefly outlined the key aspects of the game and its
theoretical basis. The CBT content of Pesky gNATs is further
described in Multimedia Appendix 1, with a more detailed
description available in the study by O’ Reilly [41].

Pesky gNATs is played by young people with clinically
significant anxiety or low mood, during face-to-face therapy
sessions with a suitably qualified mental health professional.
In sessions, the young person and therapist sit together at a
computer, but the young person has full control of the mouse
and keyboard. They navigate through a 3D world where they
meet a series of characters who introduce CBT concepts using
spoken conversation, embedded animations, videos, and
guestions regarding the young person’s own situation (Figure
1). Thein-session computer game is supplemented by amobile
phone app that aims to support young people in transferring
what they learnin therapy to their home, school, and day-to-day
life [16].

In addition to the game and app, the overall program includes
7 hours of online training videos for therapists. This provides
a description of the concepts in the program and a full
walk-through of the game and app, illustrating how they are
typically used during therapy. Our intention with Pesky gNATs
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was to assist mental health professionals in delivering a
genuinely cognitive CBT intervention, filtered through theideas
of developmental psychology and learning theory [42-46],
packaged in a computer game that is played within the
supportive context of a therapeutic relationship.

The gNATs of the game'stitleisaplay on the CBT concept of
negative automatic thoughts. Each level of the gameintroduces
young peopleto asingle CBT concept, which is explained and
illustrated by agame character. The child, with assistance from
the therapist, applies the CBT concept to the anxiety or low
mood difficulties they are experiencing. The game characters
set the young person a challenge of putting that concept into
practice in his or her daily life. The young person then has the
opportunity to learn 1 of 9 behavioral activation, relaxation, or
mindfulness skills chosen by the therapist to best meet his or
her current needs. Each game level takes about 50 min to play,
which is the typical length of standard child therapy
appointments. Completion of between session tasksis supported
through the Pesky gNATs app or a hard copy workbook.
Overall, Pesky gNATSs is intended to provide a coherent and
consistently delivered child-friendly introduction to CBT
through its programmed content, combined with an individually
nuanced, persona delivery supported by the judgement and
accompanying conversations young people have with their
therapists.

Figurel. Theplayer controlsacharacter, exploring anisland (left), and meets characters who explain cognitive behavioral therapy using comprehensible

metaphors. The player also meets Ben, the Beach Dude (right), who teaches mindfulness and relaxation skills.

Methods

Overview

This study focused on therapists experiences of using Pesky
gNATsduring the first 18 months of deployment. The software
and online training materials had been made available on a
not-for-profit basis on a website [16]. Before accessing the
software, therapists were required to complete an online
registration process that included a screening questionnaire.
The questionnaire was manually screened by GOR to determine
if applicants had appropriate qualifications in the delivery of
CBT for young people. Therapists meeting the requirements
received a username and password that enabled them to access
asecured website, where they could purchase alicense for Pesky
gNATs, download the software, and access the training
materials.
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Data Collection and Analysis

Data were collected through an online survey and optional
semistructured interviews with therapists. The survey was
implemented using LimeSurvey. All submissions were
anonymous unless participants opted in for the follow-up
interview, in which case contact details were required.
Quialitative and quantitative data were collected with the aim
of capturing how Pesky gNATs was used, identifying positive
and negative factors, and exploring the expectations and
experiences of therapists and young people. The survey was
divided across the following topics: (1) use of Pesky gNATS,
(2) helpfulness of Pesky gNATS, (3) therapy style, (4) pacing
of Pesky gNATS, (5) game design, (6) customization, and (7)
future developments. The inclusion of specific questions on
customization reflected arguments that modularization or
customization might be beneficial in supporting naturalistic
uptake of digital interventions [47].
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Follow-up semistructured interviews were conducted via phone
or video call and followed the remote interview procedures
described by Braun and Clarke [48]. Interviews addressed
similar topics to those in the online survey but allowed us to
explore participants’ attitudes and experiencesin greater detail .
HM conducted and audio recorded theinterviews, which lasted
40 to 60 min. Verbatim transcriptions of the recordings were
made. Each transcript was manually checked for accuracy.

As the topics of the open questions in the survey had a strong
overlap with those discussed in the semistructured interviews,
we analyzed and presented the qualitative results from both
sources together. Thematic analysis was used to identify codes
and themes across the entire dataset, following the guidelines
described by Braun and Clarke [48]. Furthermore, 10% of the
coded datawere screened by a different researcher (DMC), and
disagreements were discussed until consensus was reached.

Ethical approval for this study was granted by the Research
Ethics Committee at University College Dublin (reference
LS-E-17-150-VanderMeulen-Coyle). Survey participants gave
consent before the first question, and written consent was
obtained before the start of the interviews.

Participants

Aninvitation to participatein the online survey was emailed to
all Pesky gNATSs license holders. In total, 91 survey invitations
were sent. A total of 21 participants completed the survey with
5 opting in for follow-up interviews. On average, survey
participants had a Pesky gNATs license for 429 days (SD 257
days) at the point of data collection (June 2018). In total, they
had started the program with 95 young people (mean young
participants per therapist=4.5 [SD 4.2]), ranging from 1 to 16
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children per therapist. They estimated that they had completed
the full 7 session program with 39 children (mean=1.9 [SD
2.6]), ranging from 0O to 12 programs completed per therapist.

Results

Overall Opinions

On the basis of their experiences in delivering therapy with
Pesky gNATS, therapists were asked to estimate the age range
for which they deemed the program most appropriate. Responses
varied from 6 to 13 years as the minimum age (mean=8.8 [SD
1.5] years) and 10 to 21 years as the maximum age (mean=14.0
[SD 2.5] years). In addition, estimations of the play time for
individual Pesky gNATS sessions ranged from 15 to 60 min
(mean=36 [SD 11]).

Likert questions captured the therapists' overall opinionsonthe
helpfulness of the game, children’s experience, pacing of the
game, and attitudes regarding different approaches to
customization. The aggregated responses are shown in Figure

N

Overal, the therapists rated the helpfulness of Pesky gNATSs
positively, suggesting that it helped to explain the CBT model
to young people and indicating that it fitted well with their
therapy style. They indicated that the program had a positive
impact on the therapeutic aliance. It was generally considered
not to distract from the therapeutic process, and the therapists
did not feel sidelined when children controlled the game.
Therapistsfelt that the children generally liked the game world
and characters and responded well to exercises introduced by
game characters.

Figure2. Therapists' (n=21) responsesto Likert questions about Pesky gNATS, itsfit to their therapeutic practice, estimation of the children’s experiences,
and attitudes related to the pacing, customization, and target group. Numbers represent absolute number of occurrences. CBT: cognitive behavioral

therapy; PG: Pesky gNATS.
PG is helpful to explain the CBT model to young people
PG has a positive impact on the therapeutic alliance

PG fits my current therapy style well

PG distracts children from the therapeutic process 1

I felt sidelined while the children were playing PG

I think children generally like the gameworld

I think children generally like the appearance of PG and characters
I think children generally like to learn skills from Beach-dude

I think it is important for PG to have more sessions

I think it is important for PG to have less sessions

I would like to have more control over the pacing of PG

I have felt the need to repeat already played levels

1 would spend time customizing PG for individual clients

Children should be able to make customizations to the gameplay

I would spend time customizing PG for my style of therapy

I would like PG to make automatic customizations based on player behavior
I feel like T would lose control if PG could make automatic customizations

I feel like I would lose control if children could make customizations to PG
I would like PG to target a wider age group

I would like PG to target a broader range of disorders

I would like to have more freedom in how I apply PG in therapy sessions

I would like to have control over the dialogues in PG 5500 080

1 would like to have control over the character features in PG &0
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Overall, the therapists expressed positive attitudes regarding
the potential for customizations, indicating that they would
spend time making customizationsto support individual clients.
They also indicated a preference to see the game extended to
target awider age group and were generally positive about the
idea of the game targeting a broader range of disorders.
Although more positive than negative responses were given,
overall attitudes were less clear with regard to customizations
to their own therapy style, optionsto modify the overall pacing
of the game, repeat or change the number of game sessions, or
modify characters. Therapists were also more neutral regarding

Figure 3. Overview of the identified themes and subthemes.

Theme 1: Stages of Use

Training

Themajority of therapistsindicated that they completed the full
onlinetraining. The training was valued and considered helpful
in understanding the concepts and approaches to delivering
therapy with Pesky gNATSs. However, therapists al so noted that

the practical experience in using the game was important in
gaining full value from the program:

My experience has been that becoming familiar with
the material in advance and using the support
available on the website meansthat | amin a position
to anticipate and/or respond to any signsthat a young
person needs more time to explore ideas and their
own feelings during a session. [P20, survey]

A minority of therapists reported completing most or some of
the training, of which one said that the game is easy to work
with without the training. Several noted time constraints, with
one explaining that they had insufficient time to complete
training regarding the mobile phone app and therefore decided
to focus on material relating to face-to-face sessions and
supplement this with the paper workbook.

Deciding When and With Whom to Use Pesky gNAT s

As per the recommended useage guidelines of Pesky gNATS,
it was typically used to address depression and anxiety. Age,
willingness to engage in face-to-face therapy, the complexity
of the difficultiesfaced, and theintellectua abilities of theyoung
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the potential for young people themselves or the computer to
make automatic customization.

Thematic Analysis

Thematic analysis of survey data and interviews identified the
following 3 key themes: stages of use, impact on the delivery
of therapy, and customization. Asillustrated in Figure 3, 2 main
themes contained multiple subthemes. For example, the stages
of use theme included subthemes on training, deciding when
and with whom to use Pesky gNATS, the approachestaken when
introducing the game, and equally important, decisionsregarding
when to stop using the game.

people were key considerations in decisions to use the game.
However, there were significant variations across therapists
regarding the young people and situations where the game was
deemed most appropriate. Some felt it was best suited for mild
to moderate anxiety, but less fitting for severe cases. For
example, a therapist explained that young people with severe
psychological difficulties needed something simple as they
might not have the patience or ability to engage with the game
content. They continued that the game had been very effective
in addressing low mood of children with regular ability levels.
In contrast, another therapist described complex cases where
Pesky gNATswas used after confirming the children’s abilities
and understanding of concepts needed for the game:

Some people on the autism spectrum and children
with attachment disorder and borderline learning
disabilitiesaswell. So very complex children...l would
do a preassessment of their actual understanding of
thoughts, feelings, and behaviors...The other thing
would be, have they got the intellectual ability to cope
with the game and the patience to manage the game.
[P12, interview]

Importantly, therapists reflected that the decisions to use Pesky
gNATs were not taken in isolation of other options. They
described it as one of the tools they used to support the delivery
of interventions. Although some therapists appeared to consider
Pesky gNATs asadefault option, others explained that the game
was only introduced as an alternative when young people were
reluctant to engage with the therapy. Overall, the therapists
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decisionsregarding the use of the game appeared to evolvewith
experience, with some describing decision-making steps:

..the first thing | would consider is, are they going
tojell well with the material? Do they seethe purpose
of that material and what it's trying to
say...[ Secondly] any learning difficulties. The third
consideration...have | got the time as an educational
psychologist because our time is so limited? [P4,
interview]
One of the most surprising findings was that several therapists
felt Pesky gNATs was not suitable for young people who
regularly played computer games, as they might have different
expectations from a game and miss the excitement of more
action-oriented gameplay, described by one therapist askilling
things.

I ntroducing Pesky gNAT sto Young People

The video training emphasized that the manner in which Pesky
gNATs is introduced is important. In particular, although we
aimed to produce a high-quality game, Pesky gNATSs cannot,
nor isit intended to, compete with commercial gamesin terms
of state-of-the-art graphics and the scale of the gameplay. The
training suggested that therapists introduce the game to young
people in away that managed expectations and explained that
Pesky gNATs was likely be a different experience to regular
games. Participants confirmed the importance of this approach.
One explained that they introduced the game by contrasting it
to regular talk-based therapy. Another explained how an
appropriate introduction was effectively used with a 17-year
old, who might otherwise have felt too old for Pesky gNATS:

| used it with one pupil who was 17 yearsold because

we almost looked at it with a bit of humor, almost

tongue-in-cheek and alright, thisis going to be quite

corny and | was making a point. Giving them that

little caveat, | think it was still helpful for her. [P4,

interview]
Therapiststypically had traditional sessionswith children before
introducing Pesky gNATs. Some had 1 or 2 intake sessions
before using the game, whereas others indicated it could take
up to 3 or 4 sessions. One therapist described how it was useful
to have a contract as part of theintroduction and that this could
help to maintain engagement:

| have made a couple of contracts with boys that |
think could useit. Like, you do thefirst four sessions
and then we'll talk about it and if you absolutely do
not like it, we'll do something else and everybody's
chosen to finish it. Some people have tolerated it, |
should say, but they did get some things out of it.
Using that contract with them really works. [P7,
interview]
Another therapist explained that it had been useful to introduce
Pesky gNATSs to parents by having them join the first session.
This allowed parents to learn what happens in therapy and
develop abetter understanding of how to support their children.
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Deciding to Discontinue Use

Pesky gNATs was not always helpful. When children were
dissatisfied or when the therapists noticed that the game was
not helping, it was discontinued. In some cases, children did
not understand the CBT concepts, because of either
comprehension issues or distraction. A therapist described a
boy who switched to gamer mode and wanted to get to the fun
and challenging parts of the game quickly. He had lost focus
on the therapeutic concepts and had to be d owed down to focus,
which had become a frustration in itself:

It was like he'd switched to gaming mode instead of
CBT mode. So, for himit didn't help the therapeutic
relationship in that session because it got in the way.
[P0, interview]
In contrast, some young people found the game boring or
childish. For example, atherapist found that 16- and 17-year-old
boys might feel too cool for the game. It is important to
recognize these cases and where appropriate, discontinue its
use.

Interestingly, the decision to stop using the game could be
helpful to the overall therapeutic process. A therapist described
acasewhere sheintroduced the gameto agirl who wasreluctant
to engage in therapy. The girl also disliked the game and they
discontinued its use. However, the therapist described how an
improved relationship then emerged:

Even though we didn’'t usethe game, | think it actually

hel ped move the therapeutic relationship on, because

we were able to have a conversation about the game.

[P0, interview]
Often it wasacollaborative decision to stop using Pesky gNATs
and try alternatives. A therapist described conversations with
young peopl e about why the game did not work and encouraged
them to try it for at least two sessions. If the game remained
unhel pful, the paper workbook with the same conceptswas used
instead, effectively leaving out the technology but keeping the
narrative.

Theme 2: Impact on the Delivery of Therapy

Engagement and Changesin the Therapeutic I nteraction

Most participants considered the game helpful and valued it as
part of their practice. Therapists were somewhat surprised by
how much young people learned and felt it was areally helpful
way to introduce concepts that were ordinarily difficult to
explain. Others described how the game and narrative helped
with engagement, describing how navigating and exploring the
island together was a good way to break the ice, build rapport,
and maintain engagement:

They were excited about coming back to play Pesky
gNATs, which people have not found that kind of
excitement for them. The parents have not ever seen
them excited to come back. [P7, interview]

Changesinthetraditiona face-to-faceinteraction wereidentified
as an important factor in improving engagement. Therapists
described how theintensity that some young peopl e experienced
in face-to-face conversations was reduced:
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| really like the idea of Pesky gNATS because you' ve
got thistool to mediate that interaction and to build
on. And | guess, to use as a prompt and an extension
so the child's hearing the messages from a different
place, aswell as fromyou. [P10, interview]

All three boys would have been reluctant to engage
with paper-based activities without the motivation
and context provided by the game. In each case, the
program was helpful to lessen the intensity of
one-to-one sessions. One young person particularly
enjoyed some of the “ goofy” aspects, such as the
celebratory dance and the humor (intended or not)
was very helpful to him. [P35, survey]

Asillustrated by this quote from P35, the adoption of adigital
medium and elements of humor were also seen as important.
However, although this attitude was common, it needs to be
contrasted with other cases where some older children and
gamerswere alienated by the game-based approach and felt the
humor was not cool.

Contrasting reactions were also evident in more specific
functionality within Pesky gNATs. The use of standardized
guestionnaires provided a powerful example. Most therapists
and children were happy with the in-game use of psychological
scales to identify difficulties and visualize progress. However,
in aminority of situations they were seen as detrimental. One
therapist described how displaying questionnaires’ results had
the potential to put undesired labels on children:

| find it hard to then have a conversation around,
“We're not looking at you being OCD, we're not
thinking about a diagnosis. What we' re thinking about
isyou having rigid and recurring thoughts and how
we can address that”, but it's hard to address
something when you'regiven alabel. [P10, interview]

The mobile phone app was mostly perceived as useful for
homework between sessions, but some therapists reported
difficulties with children’s engagement. There was too much
competition for attention on phones, and some children did not
own a phone, did not have access to their parents' device, or
could only install apps with their parent’s permission.

Usability and Interaction | ssues

Several therapists noted that they encountered logistical
difficultiesin installing the software or loading and saving files
on restricted organizational systems. When using the game,
some felt that young people found the graphi cs and animations
disappointing. Sometimesthiswas because of graphical glitches,
such as a slow frame rate on older machines. Updating or
upgrading the visual appearance of the game was suggested
frequently when therapists were asked about potential
improvements.

Age- and disorder-specific interaction difficulties were also
noted. A therapist described how a 10-year old with anxiety
difficulties could take a long time to complete text-based
answersto questionsin the game, feeling the answers had to be
spelled and punctuated perfectly, which caused further anxiety.
They suggested replacing some text input with multiple-choice
answers or emoticons to simplify the interactions.
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van der Meulen et d

Some therapists suggested that the overall experience could be
enhanced by adding more fun to parts of Pesky gNATs to take
a break if it feels too content heavy. For example, having more
mini-games as rewards after talking to characters and learning
new concepts. In addition, therapists recommended additional
gamification of therapeutic exercises:

More game type engagement could be very valuable.
Gamesto i dentify and match gNATs to thoughts could
be good. Further gamifying the therapeutic challenges
could be very valuable and motivating. [P22, survey]

The mgjority of therapists felt the structure of sessions and
pacing of CBT concepts were appropriate. However, some did
encounter difficulties with younger children’s comprehension
of concepts. Therapists noted that they would like the flexibility
to go back and repeat previous levels. This is not currently
possible; however, one therapist explained that using the paper
workbook to revisit materials provided a workable aternative.
Pacing was also considered from an interaction perspective. In
addition to finding game characters, one therapist explained
that children liked swimming and playing with beachballs and
kicking them in the water and asked if there could be more
similar interactions. However, aswith other aspects of the game,
there were variations in experiences. A minority felt that
navigation on the isand was too slow for some children and a
quicker way to navigate would be an improvement.

Adaptation and Unexpected Use

In some cases, therapi sts suppl emented the content of the game.
One described how the homework exercises in Pesky gNATS
did not match the immediate challenges of the child, and
alternative homework was crested that remained close to the
game narrative:

Shewould get anxiety that there was always a burglar
breaking into the house and so then, she didn’t want
tosleepin her own bed. So, we did homework around
some classic exposure therapy and helping her
parents. So, it didn’t dovetail exactly with the game.
Although, we did call it her Pesky gNat. e named
it. It was thisburglar gNat. [P5, interview]

When working with young children it was not uncommon for
therapists to involve parents or guardians. Although Pesky
gNATswas not designed to explicitly support such involvement,
several therapists did involve parents. For example, parents
wereinvited to join the first session or were updated via email.
A therapist explained that the homework exercises were useful
to engagethefamily of achild. They felt that the program could
be extended to more explicitly engage parents and educate them
about the therapy sessions, so their support can be optimized.
In contrast, others were more cautious, noting that some parents
showed low engagement in the therapy of their children or that
parents were part of the therapeutic difficulties. One explained
that care should be taken when designing technology that
requires children to engage their parents, asit might set up the
child to fail if parents are resistant to this engagement.

Theme 3: Customization

Typically, therapists were open and positive to potentially
customizing Pesky gNATSs. Therapistswould consider adjusting
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thegamefor individual children, aslong asit wastime-efficient,
for example, repeating levels, adjusting in-game examples of
thoughts and feelings, or difficulty of challengesand dial ogues.
Nevertheless, one therapist explained that they would not know
how to make the game more engaging as they were not game
developers. Another therapist worried that too much freedom
could raise issues with the fidelity of the CBT process:

| don't think | would...because | know mewell enough
to know that | would skip over parts that are
necessary, maybe to rush it a little bit and the one
thing | can do now is say, “we've got to go from
beginning to end. It's set up that way, | can’t just do
the fun things with you” . That is a safeguard for me
and the kids. [P7, interview]

Some therapists liked the user-centered approach and favored
children’sownership in therapy. They felt that allowing children
to make changes to the gameplay and avatars could support
engagement. Other therapists warned of potential distractions
of such approaches because of the psychological difficulties
that can arise;

I would just be concerned that children using it,
particularly if they suffer with anxiety, need support,
and to feel continued. Perhaps making changes
together, if the child is a bit older? [P8, survey]

Automatic customization in game mechanics by the computer
were a so considered. For example, mechanicsthat adjusted the
difficulty of challenges based on the progress and performance
of players. Some therapists were skeptica of automatic
adjustments, fearing that it might impede professional
judgements. Some aso felt they had insufficient technical
experience to apprai se automatic adjustments.

Discussion

Principal Findings

Although our ongoing RCT [30] will provide more robust results
on theclinical efficacy of Pesky gNATS, the naturalistic results
reported here provide further evidence that serious games can
support mental health interventions in real-world settings. The
results indicate that the helpfulness of Pesky gNATSs can be
explained by factors including child-friendly, metaphor-driven
narratives; playful elements; the fact that it is played alongside
a therapist; and the changed therapeutic dynamics the game
supports. Notably, we found evidence that serious games may
be less appropriate for those who regularly play games (gamers).

Viewed more broadly, this deployment study also allowed us
to identify generalizable recommendationsrelevant to the wider
community, including researchers and designers seeking to
maximize the impact of digital technologies in real-world
settings. These include the following:

«  Expect variahility in use and support therapist autonomy

«  New technologies become part of an overall toolbox

« Report implementation data, but also support acommunity
of practice

« Carefully consider different approaches to customization
and adaptability
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Deciding when and how to discontinue useis also important
and can be helpful

Expect Variability in Use and Support Therapist
Autonomy

Variability in use is perhaps the clearest message to emerge
from our study. The young people for whom the therapists felt
Pesky gNATSs was most appropriate varied widely in age and
psychological difficulties. There was also significant variability
with regard to when therapi sts chose to introduce the game (eg,
as adefault or only with reluctant young people).

Variability is likely to reflect the reality of technology use in
the real-world and as such it should be anticipated and where
possible supported. Recognizing the role of the therapist as a
decision-maker and considering how this autonomy can be
supported is an important design consideration. Pesky gNATSs
was specifically intended to support therapists' existing practices
and recogni ze the value of therapeutic relationships. The game
does not seek to replace therapists; rather it is aimed at subtly
changing the dynamics of face-to-face interventions and
introducing CBT concepts in a child-friendly manner, while
ensuring that the therapist retains control and guidesthe overall
intervention.

It isimportant to note that in this context, variable use does not
indicate suboptimal use. Equaly, we do not advocate
inconsistent or inappropriate use. For example, access to Pesky
gNATSsis subject to manual screening of therapists experience
and qualifications. Although this process is time-consuming
and subject to abuse, we believe it is essential. Furthermore,
although therapistsin our study did not agree on the situations
in which Pesky gNATs was most appropriate, they described
careful individual decision-making processes regarding its use.
The ability to understand the CBT concepts in the game and
regular, reliable meeting schedules played an important rolein
such decisions. The online training for Pesky gNATs aso
provided guidance on such decisions. More broadly, researchers
should accept the ongoing responsibility to gather data that
helps to establish the boundaries of acceptable use and update
and evolve guidelines accordingly.

New Technologies Become Part of an Overall Toolbox

In discussing common misconceptions about mental health
technologies, Mohr et a arguethat “ research literature typically
describes and evaluates mental health technologies as if they
were products’ [32]. Rather than viewing new technologies as
products that can mediate change in and of themselves, they
argueit ismore appropriate to view them as technol ogy-enabled
services, which serve to support the overall service or
therapeutic process. Supporting the autonomy of therapistswill
be an important factor in advancing this new perspective.
However, it is also important to recognize that individual
programs or services will not exist in isolation. Rather, they
will become part of the broader toolbox from which therapists
will choose.

This deployment study clearly showed that Pesky gNATSs was
not used in isolation. Rather, therapists considered it as one
option among many. For someit wasapreferred option, whereas
others only used it when young people were resistant to more
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traditional face-to-face approaches. When it was used, therapists
often used it in combination with other approaches. Sometimes
these alternatives directly mirrored activities in Pesky gNATS.
For example, some young people preferred to do mindfulness
exercisesdirectly with their therapist, instead of using the game.
On other occasions, therapists supplemented Pesky gNATswith
activitiesentirely separateto the program, based on the emerging
needs of young people (eg, guided exposure). Providing a paper
workbook as an alternative or backup to the game and mobile
phone app was a so an important part of the therapist toolbox.

Report | mplementation Data, but Also Support a
Community of Practice

As noted in the Introduction, there is growing recognition that
implementation data should be routinely reported [32,34]. We
support such recommendations and believe that shared
deployment data have clear benefitsfor the research community.
In this context, it iscritically important that both the successes
and failings of systems are shared. It isalso important to report
how technologies fit with the broader ecosystem, which is
multifaceted and involves overlapping technical, organizational,
and socia factors. Thisis illustrated by the difficulties some
therapists experienced when installing Pesky gNATs on
organizational computers. In addition, some young people did
not have their own smartphones or were dependent on parental
permission to install the app. Sharing such experiences will
enable usto develop generalizable theoriesand design principles
that support more impactful technologies, for example,
guidelinesfor customization or supporting therapist autonomy.

Beyond the research community, we also recommend a further
use of deployment data—supporting the creation of communities
of practice. Therapists in our study clearly valued the online
training. However, they explained that the experience of using
the game was critical. Although each therapist needs to gain
this experience first-hand, there is a strong argument for
supporting online communities where experiences of using new
technologies can be shared. Specific examples with regard to
Pesky gNATs include techniques for introducing the game and
managing expectations, or the use of therapeutic contracts. The
creation of communities of practice may also be effective in
encouraging early adopters of digital technologies to become
active, participatory co-designers in working with developers
and researchers to improve interventions.

Carefully Consider Different Approachesto
Customization and Adaptability

Our study explored 3 distinct approaches to customization.
Across al approaches, therapists clearly recognized the need
for systems to maintain fidelity of a core therapeutic model.
The following are the customization approaches:

Customization by therapists was generally viewed
positively, although an important distinction can be drawn
between changes to therapeutic content versus changes to
interaction-specific features. For example, the option of
adjusting the in-game examples of thoughts and feelings
or content of in-game dialogues was viewed favorably.
Therapists were less willing or confident in their ability to
modify game-based or technical interaction features.

https://mental.jmir.org/2019/5/€12430/
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Customization by young people was viewed | ess positively,
even by therapists who favored young peoples’ ownership
of therapy. However, specific customizations, such as avatar
personalization, were viewed positively. Indeed, recent
evidence has suggested that avatar personalization can
improve overall engagement [49]; thus, there may be
significant value in enabling this form of customization.
Intelligent customization by the computer was viewed
favorably by some, but drew skepticism from many
therapists, partially because of concerns over a loss in
control of the processand also alack of clear understanding
of what intelligent customization would entail. If intelligent
customization is to become a feature in mental health
technologies, clarity around the targeted adaptation and
factors such as transparent and explainable Artificial
Intelligence will be critical.

Deciding When and How to Discontinue Use I s Also
Important and Can Be Helpful

Adherence to study protocols is a defining characteristic of
RCTs. Although many RCTs seek to understand and follow up
with dropouts, completion of the full intervention, including
postintervention datacollection, is essential to establish efficacy.
In real-world contexts, and when individual technologies are
considered as part of a toolbox, the decision to stop using
technologies can be viewed more flexibly and with less focus
on adherence. If atechnology alienates a young person to the
extent that they withdraw from therapy, this would be a
significant cause for concern. However, evidence from this
study suggested that therapists and young people often made
joint decisionsto stop using the game. In such cases, discussions
about why the young person disliked the game—and what
alternative approaches might be useful—were often helpful in
and of themselves.

This more flexible view of technology—where systems are
engaged for aslong asthey are useful and ongoing useis based
on users’ emerging needs and reactions—aligns with arguments
previously made by Doherty et a [50] in the context of online
CBT. More recently, Lederman et a [51] have explored
concordance as a valuable perspective through which to view
the design of technologies. Here, the overal effectiveness of
treatment, support for core treatment goals, and collaborative
decision-making involving therapist and clients, again take
precedence over dtrict adherence. The evidence in this
deployment study supports Lederman’s argument that
concordanceis avaluablelensthrough which to understand the
effectiveness of new mental health technologies.

Limitations

We acknowledge the small sample size and participants
self-selection bias, as only therapists who had decided to use
the program were invited to participate. This study was not
designed to provide robust evidence regarding efficacy; no
standardized data regarding clinical outcomes were collected.
Furthermore, therapists used Pesky gNATs with diverse groups
and in diverse contexts and this may have influenced the specific
perspectives of therapists.
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Conclusions and Future Work more easily integrated to the mental health ecosystem.
Variability in use should be expected in real-world settings.
Effective training, support for therapist autonomy, careful
consideration of different approaches to customization, the
reporting of deployment data, and support for shared
communities of practice can play animportant rolein supporting
variable, but effective, use. Future research could include
larger-scale deployment studies that bridge the gap between
controlled studies and studies in naturalistic settings.

This study has provided further evidence that serious games
can support mental health interventions for young people in
real-world settings. More broadly, it provided evidence for the
potential of naturalistic deployment studies to complement
traditional approaches to evaluation, for example, RCTs.
Deployment studies provide aval uable means of understanding
how new technologies become part of an overall therapeutic
toolbox and help in the development of technologies that are
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Abstract

Background: Mobile health (mHealth) apps demonstrate promise for improving sleep at scale. End-user engagement is a
prerequisite for sustained use and effectiveness.

Objective: We assessed the needs and preferences of those with poor sleep and insomnia to inform the development of an
engaging sleep app.

Methods: We triangulated results from qualitative (focus groups and app reviews) and quantitative (online survey) approaches.
A total of 2 focus groupswere conducted (N=9). An online survey tested themesidentified from the focus groups against alarger
population (N=167). In addition, we analyzed 434 user reviews of 6 mobile apps available on app stores.

Results: Common focus group themes included the need to account for diverse sleep phenotypes with an adaptive and tailored
program, key app features (alarms and sleep diaries), the complex yet condescending nature of existing resources, providing
rationale for information requested, and cost as amotivator. Most survey participants (156/167, 93%) would try an evidence-based
deep app. Themost important app features reported were sleep diaries (148/167, 88%), sharing sleep datawith adoctor (116/167,
70%), and lifestyle tracking (107/167, 64%). App reviews highlighted the alarm as the most salient app feature (43/122, 35%)
and data synchronization with a wearable device (WD) as the most commonly mentioned functionality (40/135, 30%).

Conclusions: This co-design process involving end users through 3 methods consistently highlighted sleep tracking (through
adiary and WD), alarms, and personalization as vital for engagement, although their implementation was commonly criticized
in review. Engagement is negatively affected by poorly designed features, bugs, and didactic information which must be addressed.
Other needs depend upon the type of user, for example, those with severe insomnia.

(IMIR Ment Health 2019;6(5):€13895) doi:10.2196/13895
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Introduction

Sleep disturbances are widespread, impacting 33% to 45% of
adults[1]. The most common sleep disorder isinsomniawhich
is underrecognized and undertreated [2]. The most limiting
treating factor is a shortage of treatment resources including
trained clinicians [3]. In response, there has been increasing
interest in harnessing mobile technology for sleep health. The
mobile app marketplace has expanded rapidly with
approximately 325,000 mobile health (mHealth) apps now
available across major app stores [4].

Existing mHealth sleep apps offer a broad range of functions
including sleep tracking, education, alarm clocks, and sound
recording during sleep. A recent review examining mobile phone
interventions for sleep suggested that mobile apps are effective
in improving symptoms and sleep quality [5]. However,
engagement is often poor: Approximately half of respondents
who download health apps no longer use these owing to poor
user experience [6]. Moreover, users are likely to abandon an
app that fails to provide immediate engagement [7].

Critical to developing an engaging tool is an understanding of
the needs, contexts, and preferences of end users, including
functional (ie, what people need and expect an app to do) and
nonfunctional requirements (ie, use of relevant and appealing
language and visuals). We also need to understand the context
of technology use (eg, will users sleep with their phone by the
bed and use other dleep aids with the app?) and the
characteristics of prototypical users (personas). Therefore, in
developing anew sleep app [ 7], we undertook amixed methods
user-centric approach to determine the needs and preferences
for sleep apps in those with poor sleep or insomnia.

Methods

Design

Wetriangulated data[8] from 3 end user—centric methods: focus
groups, an online survey, and an analysis of app reviewsto give
aholistic understanding by harnessing both qualitativeresearch
to provide rich insights and quantitative research to examine
trends in a larger population. This counterbalances inherent
biases in each method with strengths inherent to the other
methods.

We addressed poor quality sleep as a continuum from disturbed
sleep to insomnia for the focus groups and the survey. Both
sample participants were aged =18 years and screened for poor
deep and insomnia using the Pittsburgh Sleep Quality Index
(PSQI) and Insomnia Severity Index (1Sl), respectively.

Ethical approval for the focus groups and survey was obtained
from the Sydney Local Health District Ethics Committee
(X17-0177). Before participation, focus group participants
provided written consent and survey participants provided digital
consent.

Pittsburgh Sleep Quality I ndex

The PSQI [9] assesses subjective sleep quality over the previous
month. It comprises 7 components added to yield one global

http://mental .jmir.org/2019/5/€13895/
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score (range 0-21). Higher scores represent poorer subjective
deep quality. A score of above 5 indicates poor sleep quality.

Insomnia Severity Index

The 1Sl [10,11] is a 7-item questionnaire (score range 0-28)
assessing insomnia symptom severity over the past 2 weeks
with higher scoresindicating greater insomnia symptom severity
and moderate-severe insomnia defined as >15.

Focus Groups

Participants and Recruitment

Invitations were sent to participants on the Woolcock Institute
of Medical Research database. Eligible participantswere fluent
in English and assessed for Insomnia Disorder (Diagnostic and
Statistical Manual of Mental Disorders) by (1) a telephone
screening checklist with astudy coordinator, (2) score Sl > 15,
and (3) PSQI =5 plus component 5 (sleep disturbance) total
score of 1 or 2.

Procedure

In total, 2 activity-based workshops (1.5 hours each) were
conducted by a user experience speciaist (DP) using
semistructured topi ¢ guides and activities. Workshops explored
participants (1) experience of poor sleep, (2) experience using
technology to help with sleep, and (3) ideas and preferencesfor
adeep app. Activitiesincluding collaborative ideation and paper
prototyping explored several user experience questions drawn
from literature on participatory design [12-14]. Participants
generated ideas for desirable functionalities and app
characteristics and provided feedback on draft screen designs
for a prototype app designed by the research team. The data
collected included participant-generated artifacts (ie, filled-in
adverti sement templ ates and screen design sketches), collections
of featureideas, field notes, and audio recordings and workshop
transcripts.

Data Analysis

Participatory workshopswere recorded and transcribed verbatim
using NVivo (QSR International Pty Ltd Version 11.4.3, 2017).
These transcripts were analyzed using thematic analysis [15],
consistent with methods of analysis of generative participatory
data[12].

Thematic analysis focused on categorizing data to inform
development (1) features, content, and characteristics of anideal
app and (2) experience of deep problemsthat could be addressed
viatechnology. Initial coding (DP and KN) involved attaching
label sto text segmentsto identify themesrelated to the research
questions. Analysis progressed iteratively with independent
rereading of transcripts and reexamining themes against the raw
data to further refine the themes and identify subthemes.
Discrepanciesin coding wereregularly discussed and resolved.
A thematic schema was developed using FreeMind software
0.9.0.

Survey

Participants and Recruitment

An anonymous online survey was conducted between May and
July 2018. Facebook and Instagram advertisements invited
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participants to participate in a 20-min survey to help design a
mobile app for deep. Individuals were eligible if online
screening indicated positive for poor sleep (PSQI =5) or
insomnia symptoms (1Sl >15) and provided informed online
consent. Upon completion, participants could enter a draw to
win a gift card (valued at AUD $50). All participants could
receive a summary of the findings by including their email
address. Responses were stored on a password-protected
database on a secure server.

Survey Content

The survey assessed (1) demographics, (2) mobile phone usage,
(3) wearable device (WD) usage, (4) sleep environment, (5)
preferences for a sleep app, and (6) previous health app and
website usage.

In total, there were 34 questions, with an open-ended question
about likes and didlikes of existing digital health technologies
(Multimedia Appendix 1 for survey).

Data Analysis

Descriptive statistics were performed for all items. Chi-square
tests compared proportions of sleep app preferences across
groups defined by insomnia severity (ISl <17 vs 1Sl 217) and
WD ownership (WD vs no WD). Analyses were performed
using SPSS version 24.

App Reviews

Existing studies exploring user experience of online
interventions often focus on perspectives of treatment completers
or active engagers[16,17], limiting the sasmpleto satisfied users
who persist with the program. On the contrary, app reviews
garner perspectives from a larger and more diverse sample.
They are often written by users with varying satisfaction
including those who are extremely dissatisfied and have given
up on the app.

Sample

In February 2018, an el ectroni ¢ search was conducted on Google
Play and the App Store (United States) using the following
search terms: sleep, sleep health, and dleep therapy. Appswere

Figure 1. Thematic schema.

Existing resources can }

feel condescending Y
\_ Information
Provide rationale and feedback } T

for information reguested

‘ Existing resources can be } !

| App Content
"long-winded" and "complex" |

App Features

Main Themes and I nsights
Sleep Experiences

Accounting for Heterogeneous Experiences With an Adaptive
Program

Participants' experience of deep difficulty was diverse and
included frequent night awakenings, trouble falling asleep,
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included if they (1) were consumer targeted, (2) targeted adults,
(3) included the term sleep in the app title or description, (4)
included personalized sleep feedback, (5) alowed for sleep
tracking with aWD, and (6) had an English interface.

Apps were excluded if they were developed with the sole
function of dleep tracking, relaxation sounds, hypnosis,
meditation, recording of snoring and sleep talking, and/or alarm
clocks. Appswerealso excluded if they (1) required health care
provider guidance, (2) were only accessible via an employer,
(3) had fewer than 10 reviews, or (4) were acompanion app for
a sleep measurement device.

Analysis of User Reviews

Qualitative content analysis was used to code the app user
reviews[18]. A pilot coding scheme of major and subcategories
wasiteratively developed from arandom sample of 165 reviews
from the 6 apps (listed in the results). This coding scheme also
adapted themes identified in previous studies reviewing app
user feedback [19,20] including the Components of User
Experience model [21]. Intotal, 2 coders (MA and KN) agreed
on the final coding scheme (Multimedia Appendix 2).

The team independently coded user reviews line-by-line and
classified as praise or critique. Coding disputes were resolved,
and any new codes detected from analysis were discussed and
incorporated into the coding scheme.

Results

Focus Groups

Sample

A total of 9 participants (6 males and 3 females, aged 21 to 70
years) were recruited.

Workshops

The participant’s needs and preferences for an engaging sleep
app formed overarching themes of deep experiences, app
content, and other (Figure 1). A complete list is provided in
Multimedia Appendix 3.

Accounting for heterogenity

) _Sleep Experiences | i an adaptive program

| Other

~{ Cost can be a motivator |

nightmares, snoring, partner disturbance, daytime stress and
deepiness, anxiety over not deeping, and lack of asleep rhythm.
Assuch an ideal sleep program must be both customizable and
adaptive to remain relevant to thiswider population. Addressing
the user’s specific sleep problems while catering for different
lifestylesand schedulesis crucial. A male participant’s statement
illustrates both:
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| find I’'mso erratic with this...so a programthat says,
“Right, go to bed now” ...sometimes | might go to
sleep in a few minutes and have, not a good sleep,
but doze. Other times, | can be astired as possible,
and | just can’t sleep...So, you know, “ go to sleep for
fivehours’ , and five hourslater I'mstill therelooking
at the ceiling. So if that didn’'t work, “ let’s try this
approach” . [P3, FG2]

App Content

App Features
Participants generated feature ideas including:

« Alarms for waking up and staying awake when tired,
challenging aarm turn-off sequences to prevent
oversleeping and a selection of alarm sounds

« Audiofeatures (meditation, podcasts, and rel axing sounds)

«  Encouragement (signs of progress and rewards)

«  Frequently Asked Questions were preferred to chatbots as
the latter requires keyboard input

«  Recommendations for helpful apps and websites

«  Sociad features, in particular, the ability to shareinformation
among a community of poor sleepers. There was interest
in tips from others who have successfully completed the
program.

Unsurprisingly, therewas astrong interest in sleep tracking and
datavisualization. Asone participant [P3, FG2] stated, “ Graphs
appeal to me...Graphs, | like graphs.” Participants expressed
interest in objective data (eg, “How much you sleep per night,
and how muchisREM, and how muchisdeep sleep”[P3, FG1])
but also stressed the importance of subjective measures such as
sleep quality or satisfaction explaining that duration alone can
be mideading:

It says how many hours of sleep do you get a night,
well, nowhere in there does it ask for the quality of
sleep...If it's four, there are four hours, but it might
be worth one out of ten. [P2, FG2]

Tracking daily behaviors such as exercise or usage of treatments,
for example, sleeping pills against sleep was important:

| think a graph that can be potentially smart enough
to start linking some of these—you might try a tag,
you know, “took magnesium’,...and then you can
graph your sleep, your quality of sleep against those
tags...l like the tags. [P3, FG2]

Information

Existing Resources Can Feel Condescending

Some participants found certain online deep programs presented
overly basic content and quizzes:

One of the really aggravating things about the
programwas...you had to complete this coursein the
week and they gave you these little things to do. And
you were treated as an absolute moron, all the way
through this thing. It was, you know, “ now, if you
exercise, you know, an hour before going to sleep,
you get your adrenaline running and everything, so
it's bad to exercise an hour before going to sleep”.

http://mental .jmir.org/2019/5/€13895/

Aji etd

And so they told you all of these things, and then at
the end of it, you had to do this quiz. Now, “ Jenny
has just exercised an hour before going to sleep. Is
this good or bad for her?” And so you had to fill out
these things, and you're just thinking, really? Do |
really have to do this?...and you were just treated as
an absolute moron. “Oh, you've got a hundred
percent, well done” And you're just thinking, oh, my
God, I’ ve paid two hundred dollars to do this. And it
was just really demeaning. [P4, FG1]

Existing Resources Can Be Long-Winded and Complex

Several participants expressed frustration with existing online
content and exercises for deep being too complicated,
overwhelming, tedious, and long-winded. One male participant
explains:

But there's so much stuff. And all these suggestions

and all these relaxation exercises and so much stuff,

| just, | can’t go through all this. It'sjust driving me

nuts. They're just too complicated. [P2, FG2]
This reflects the prevailing tension between the need for
resourcesthat are neither oversimplified and condescending nor
too complex and overwhelming.

Provide Rationale and Feedback for I nformation Requested

Participants expressed frustration in filling out lengthy
guestionnaires without a clear rational e or immediate feedback
on the data collected. A female participant explained:

Can | just say, with the questionnaires, the burden of
answering so many questionnaires at times can be
really—and | know that you've got to do this...but
with an app, if it's explained at the outset, “ we're
going to ask you a lot of questions, and we
apologise...for being such a difficult thing; but we're
going to give you feedback straightaway on what we
can see so far, or what the issues that might actually
beidentifiable at the outset” . And if you actually had
that right fromthe beginning...it would be much more
intuitive, much more easy to use, and you'd actually
fedl benefit right from the start. [P3, FG1]

Other

Cost Can Be a Mativator

Making asleep app free may underminelong-term commitment.
The female participant [P4, FG1] previously quoted as
expressing frustration over the condescending program
explained that she completed the program, but only as she had
already invested money in it:

| just didn’t think it was two hundred dollars well
spent. And really the only thing they told me was
“limit your sleep”, and | didn't think that it worked
for me. [Participant]

But you made it to the end, so I'm curious, what do
you reckon was the most motivating thing that got
you to keep going even though you were... [Facilitator]

The two hundred dollars...It's two hundred dollars
and I’m a desperate woman... [ Participant]
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Survey

Response Rates

The survey received 546 hits, with 186 people completing
screening questionnaires. Of these, 19 were ingligible on the
ISl and PSQI leaving 167 participants.

Demographics

Participants were aged between 18 and 79 years (mean 38.8,
SD 11.9) and predominately female (88%; Table 1).
Technology Usage

Most participants (162/167, 97%) reported using amobile phone
daily (Table 2). A large proportion of participants reported

Table 1. Sociodemographic characteristics of respondents (n=167).

Aji etd

almost always keeping their phone by their bed at night
(142/167, 85%) and using their phone as an alarm clock
(113/167, 68%). Approximately one-third (54/167, 32%)
reported using a WD, with Fitbit (48%) as the most popular.
The 3 most frequently used features of WD’swere tracking for
steps (48/54, 88%), heart rate (39/54, 72%), and sleep (35/54,
65%). Over half (94/167, 56%) reported using a health-related
app. Among the 56% (93/167) using maobile appsfor sleep, the
most frequently used were meditation apps (45/93, 48%).

No differences were found in sociodemographic, mobile phone
or WD use between those with high or low levels of insomnia
symptom severity nor were there any sociodemographic
differencesidentified between thosewho useaWD (all P>.05).

Variable n (%)
Gender
Female 147 (88.0)
Male 18 (10.8)
Prefer not to say 2(12)
Age (years)
18-30 48 (28.7)
31-40 55 (32.9)
41-50 33(19.7)
51+ 31(18.6)
Education
Secondary school 46 (27.5)
Diploma 25 (15.0)
Trade certificate 29 (17.4)
Bachelor’s degree 45 (26.9)
Postgraduate degree 22 (13.2)
Employment?
Full-time 53(31.7)
Part-time 58 (34.7)
Student 17 (10.2)
Unemployed 20(12.0)
Retired 11 (6.6)
Other 16 (9.6)

3percentages do not add up to 100% as respondents were allowed multiple responses.
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Table 2. Mobile phone, wearable device, and app usage (N=167).

Aji etd

Variable n (%)
M obile phone brand
Samsung 73(43.7)
Apple 70 (41.9)
Other 24 (14.4)
Wear able device
Usage
Yes 54(32.3)
No 113(67.7)
Brand
Fitbit 26 (48.1)
Apple 10 (18.5)
Other 18(33.4)
Purpose?
Fitness 45 (83.3)
Health 36 (66.7)
Communication 23 (42.6)
Features used®
Step tracking 48 (88.9)
Heart rate monitoring 39(72.2)
Sleep tracking 35(64.8)
Health app usage
Yes 94 (56.2)
No 73(43.7)

3percentages do not add up to 100% as respondents were allowed multiple responses.

Sleep App Preferences

In total, 93% (156/167) of individuals indicated willingness to
try an app proven to improve sleep. A sleep diary and tracking
(148/167, 88%) the ahility to share sleep data with their doctor
(116/167, 70%), offline functionaity (113/167, 68%), and
tracking of lifestyle factors (107/167, 64%) were listed (Table
3). Only those participants with increased insomnia severity
wanted to share sleep data with their doctor.

App Reviews

Descriptive Analysis

Theinitial search of al storesyielded 1242 apps, of which 1089
were deep related (Figure 2), and 20 met the inclusion criteria.
Apps were excluded if they were duplicates, had restrictive
access, or <10 reviews. In total, 6 apps remained (Lark, Pillow,

http://mental .jmir.org/2019/5/€13895/

Sleep asAndroid, SleepHealth, Sleepio, and Sleeprate) and their
reviews were analyzed (Multimedia Appendix 4 for app
content). A total of 2 werein both in Google Play and the App
Store, with the others found solely from either the App Store
(3/6) or Google Play (1/6). Reviews for each app ranged from
11 and 246,240 (mean 62,327). The average ratingsranged from
2.7to 4.5 out of 5 stars (mean 3.7). Of the 6 apps, 5 were free,
but 4 offered a paid upgrade or paid in-app features. One app
provided mobile access to a paid sleep web program.

Most were designed for commercial purposes, except for
SleepHealth, which is restricted for research. The apps varied
in the number of functions; al included a sleep diary and
graphical feedback. All apps provided personalized advice based
on seep data, an accelerometer-derived sleep tracking (5/6),
datarelating to sleep stages (4/6), and sleep hygiene education
(4/6).
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Table 3. Preferencesin sleep app features (abridged; N=167).

Features n (%) Highinsomnia(Insomnia Low insomnia P value
Severity Index 17+)
Importance of...

Sleep diary and tracking 32
Little to no importance 19(11.9) 9(5) 10(6)
Important 148 (88.6) 88 (53) 60 (36)

Tracking of diet, exercise, and other lifestyle factors A1
Little to no importance 60 (35.9) 30(18) 30(18)
Important 107 (64.1) 67 (40) 40 (24)

Sharing or comparing sleep data with friends or other users 45
Little to no importance 138 (82.6) 82 (19) 56 (34)
Important 29 (17.4) 15(9) 17 (8)

Sharing sleep data with your doctor <.001
Little to no importance 51 (30.5) 20(12) 31(19)
Important 116 (69.5) 77 (46) 39 (23)

Linking to a wear able device (eg, Fitbit, Jawbone, and ActiWatch) .58
Little to no importance 84 (50.3) 47 (28) 37 (22
Important 83(49.7) 50 (30) 33(20)

Being usable offline (without an internet connection) 14
Little to no importance 54 (32.3) 27 (16) 27 (16)
Important 113(67.7) 70 (42) 43 (36)

Not requiring the phoneto be by the bed 49
Little to no importance 110 (65.9) 66 (40) 44 (26)
Important 57 (34.1) 31(19) 26 (16)
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of selected apps.
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» Other e.g. non-English interface, only
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« Accessed via an employer (n=2)
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Unigue sleep apps
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analysis (n=6)

Sample

For each app, the 100 most recent reviewswereincluded except
if there were fewer than 100 reviews (3 out of 6 apps), resulting
in434 reviews. Reviewswere excluded if contextually irrelevant
(eg, referring to weight loss features). A total of 385 reviews
were sampled and 494 segments of text were coded (Multimedia
Appendix 5 for full table).
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RenderX

Interrater Reliability

Theinterrater reliability between codersfor the general comment
themewasinitially moderate (kappa=0.51). Following resolution
of discrepancies, very high levels of interrater agreement were
observed (kappa=0.99).

Content

Approximately half (66/122, 54%) of content mentions were
praise for the app. App features were most frequently
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commented on (100/122, 82%). The alarm was the most salient
app feature (43/122, 35%), attracting slightly less praise (15/43,
35%) than critique (28/43, 65%). The sleep diary was the next
most salient app feature with 9% (11/122) of mentions, most
of which were praise (6/11, 55%). Informative content was the
most commonly mentioned information aspect (15/122, 12%)
of which most mentions were praise (12/15, 80%; Figure 3).

Figure 3. Bar graph presenting frequency of mentions for app content.
30

Aji et

Functionality

Data synchronization was the most commonly mentioned
functionality (40/135, 30%), the majority of which were
critiques (29/40, 73%). Bugs were the second most frequently
mentioned (41/135, 30%). Mentions of data accuracy followed
(29/135, 21%), which included a high proportion of critiques
(24129, 83%; Figure 4).
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User Experience

Apps effectiveness received the highest proportion of user
experience mentions (29/51, 57%). The genera design or
esthetics received the second highest proportion of mentions
(13/51, 25%).

Other

App cost received over half of the other mentions (32/53, 60%),
which were mostly critiques. In-app purchases were the second
most frequently critiqued (11/53, 21%).

Discussion

Overview

This study explored the user preferences and needs of
individuals with poor sleep or insomnia symptoms to guide the
future development of a sleep mobile app. We found most
participants expressed interest and willingness to use mobile
apps for deep. The triangulation of results was largely
consistent, revealing that sleep app content and functionality
are the most important components affecting user experience,
which is consistent with previous findings [20,22-24].

Common Themes/Universal to mHealth Apps

Several generalizable themes emerged while exploring mHealth
apps relating to sleep problems. Thiswasin addition to themes
common across app development where engagement is
maintained by usability, intuitiveness, and bug-free designs
[23-26]. Bugswerethe most commonly reported problem. App
reviewers criticized bugs affecting the app content and
functionality. They emphasized the potential utility of these
features that was impeded by the bug.

In both our focus groups and app reviews, the value of good
quality information related to sleep health was most important.
Previous studies have similarly highlighted the significance of
relevant informative content that is central and accessiblewithin
digital treatments for cystic fibrosis [27] and harmful drinking
in young adults [20]. We found that within our focus group
sample, the type and extent of information in digital treatments
can have counterproductive emotional and motivational
consequences. Feelings of condescension from tedious
information have also been found in cohorts with eating
disorders[28,29] and healthy young adults [30], where content
and reminder features are perceived as didactic. These responses
may prompt individuals to question continuation and
engagement with an app. In light of this, app developers need
to ensure educational content is presented in a relevant and
meaningful manner and tested with actual end users.

Interestingly, these feelings of belittlement were not echoed by
the app reviews. This is perhaps due to contrasting sample
characteristics between app reviews from the general public
and focus group participants. Our long-term insomnia sufferers
in the focus groups were recruited from a clinic and had prior
exposureto basic deep health information delivered in cognitive
behavioral therapy for insomnia (CBTI) programs. A recent
qualitative study reveal ed that many insomnia patients believed
they knew about and had already attempted sleep hygiene
practices [31]. They appeared to switch off when being

http://mental .jmir.org/2019/5/€13895/
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readvised these from health professionals [31]. Further, given
that our focus groups were exploring both app and web
resources, the generally repetitive content of Web-based CBTI
programs which is used to reinforce learnings may also be
perceived as demeaning.

Some focus group participants found existing content to be
complex and overwhelming. Resources expected impractical
time commitments without a clear and pragmatic rationale for
their participation. A delicate balance is necessary between
content that is not too basic and perceived as condescending
and being too complicated and overwhelming. Dennison et al
highlighted how the challenge of burdensome and effortful apps
can cause users to disengage [30]. Instead of text-heavy
information, the answer may liein visual and interactive content,
conversational interfaces, and offering the user more autonomy,
for example, to skip or drill down to more detailed information
by choice. This sense of autonomy in users has shown to be
important for motivation and engagement [32].

These techniques allow users to personalize content according
to their needs which participants highlighted as an important
requirement. Personalization also meant different things to
different users. Our focus group participants stressed the
importance of information personalization; the program adapting
toanindividua’s symptomswhile survey open-ended questions
suggested customizahility of app features, for example, relaxing
sounds and meditation voices were desirable. Given the
considerable heterogeneity in preferences, an innovative
approach to personalization may involvean initial questionnaire
to assess certain design requirements as well as users’ severity
and chronicity of dleep disturbance and filter app content
accordingly. This customization ensures users are receiving
meaningful information that can help sustain engagement
without either trivializing or over complicating the user journey.

Themes Specific to Sleep Apps

Across methods, there were commonly desired app features
specific to deep, for example, alarm clocks. Given that most
individualsaready utilizetheaarm clock in their mobile phones
(68%), leveraging thisin the design of an app may promote user
engagement. Although the alarm is a salient app feature, it
attracted more critique than praise in the app reviews, usualy
due to bugs, suggesting it may detract from auser’s experience
and retention when poorly implemented. The focus group
participants added that an ideal alarm should go beyond the
basic functionality of waking from sleep, involving customizable
functionality with creative and sophisticated methods to wake
you up and ensure you stay awake. Interestingly, this is in
conflict with clinical practice which advises against distractions
(including mobile phones) during bedtime [33]. Where major
differences exist between user and clinical requirements, further
research is required in reaching a compromise between
evidence-based aspects and app features that engage.

The second major theme specific to sleep mobile applications
was the ability to track sleep quantity and quality. Both focus
group and app review participants were interested in
synchronization with a WD to track and review their sleep. In
addition to the advantages of WD tracking such as objective
sleep metrics and dleep stage visualization, WD synchronization
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may increase usability by reducing burden related to manual
sleep data entry. Interestingly, the importance of sleep tracking
was echoed by only half of the survey sample. Thisdiscrepancy
may reflect a selection bias inherent in the app review sample
as al selected apps included WD synchronization, compared
with only one-third of the survey sample being WD users.
Correspondingly, a secondary anaysis (not reported in the
results) showed that WD users from the survey sample were
more likely to indicate the importance of WD synchronization.
Of these WD users, sleep tracking was identified as one of the
most commonly used WD feature, consistent with previous
research [34]. Given the anticipated proliferation in the global
health care WD market [35], the addition of WD linkageisvital
to the devel opment of sleep-related maobile apps.

In addition to deep tracking, participants suggested that
subjective input supplementary to objective data can help data
interpretation. Specifically, both focus group and survey users
wereinterested in recording subjective lifestyle factors tracked
against their sleep. In line with our findings, previous studies
have shown similar needs for tracking contextual factors that
assist in datainterpretation to identify potential causesfor poor
sleep [31,36]. The integration of both subjective and objective
deep datatracking isimportant in supporting datainterpretation
and thereby enhancing engagement.

Another feature that may be offered with customization options
is the ability to share sleep data with clinicians. Our results
showed that those with high insomnia severity (ISl >17) were
more likely to consider this function valuable in a sleep app.
This is consistent with research showing the propensity for
health care utilization is greater in those suffering from increased
severity of deep disturbance[37]. However, it isunclear whether
clinicians are ready to use WD dleep data in clinical practice
owing to a paucity of validation with traditional sSleep
technologies (eg, polysomnography). Givenitspotential utility,
the guidance of deep clinicians would be beneficia in
determining which sleep data are of clinical value.

Limitations

Our study has several limitations. First, those who agreed to
participate in the focus group and survey were potentially more
technology literate and so may not help the development of
apps seeking to attract new users. Similarly, app reviewers are
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likely to be confident technology users given their engagement
in a public forum. Despite this probable response bias, the
survey sample consisted of awide age range and varying levels
of experiencewith health apps, providing agood representation
of current mobile phone owners who would be potential app
users.

Given there was agender imbal ance between the survey sample
(88% female) and a male-dominated focus group sample, and
we do not know the gender mix of the app reviewers, this may
explain some difference between these method’'s outcomes.
This may reduce the generalizability of our findings.

In addition, we cannot ascertain the extent of sleep disturbance
in the app reviewers. Although all apps aimed to improve sleep
and only deep-relevant reviews were analyzed, one app
addressed health more broadly and potentially attracted adiverse
sample including healthy sleepers.

It isalso worth noting that app reviewsfor previous app versions
in the App Store are automatically removed once developers
release anew version. Therefore, the study represents a snapshot
of app reviews for sleep apps as of February 2018.

Conclusions

mHealth apps are usually posited at early intervention as either
standalone or part of stepped-care programs; however, both
require apps with sufficient engagement to enable therapeutic
effects. To inform the development of a sleep mobile app, a
user-centered approach is adopted to understand the needs and
preferences that drive individuals with sleep disturbances to
engage with sleep apps. Our findings highlight the importance
of app content and functionality. In particular, devel opers should
ensure the personalization of app content, including the
customization of app features and information. Informative
content should be targeted to the users individual sleep
experience (the nature and extent of disturbance). Furthermore,
developers need to consider including a sleep diary and alarm
as a minimum but bear in mind that users seek more
sophistication with customizable functionality and sleep diaries
with subjective and objective WD tracking. Although further
research is required to determine the efficacy of sleep apps,
employing user-centric designs to develop engaging apps that
are evidence based offers a new opportunity to advanceclinical
care for dleep.
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Abstract

Background: Thispaper describesthe Co-Care-KIT, areflectivetoolkit designed to provideinsightsinto the diverse experiences
of home-based informal caregivers during the delivery of care to arelative or loved one.

Objective: The aim of this study was to evaluate the toolkit, including a custom-designed journal, tools for photography-based
experience sampling, and heart rate tracking, which enables caregivers to collect and reflect on their positive and negative daily
experiencesin situ.

Methods: A 2-week field study with informal caregivers (N=7) was conducted to evaluate the Co-Care-KIT and to capture their
daily personal emotional experiences. The collected data samples were analyzed and used for collaborative dialogue between the
researcher and caregiver.

Results: Theresults suggest that thetoolkit (1) increased caregivers awareness of their own well-being through in situ reflection
ontheir experiences; (2) empowered caregiversto sharetheir identities and experiences as a caregiver within their social networks;
(3) enabled the capturing of particularly positive experiences; and (4) provided caregivers reassurance with regards to their own
mental health.

Conclusion: By enabling capturing and collaborative reflection, the kit helped to gain a new understanding of caregivers
day-to-day needs and emotiona experiences.

(JMIR Ment Health 2019;6(5):€13688) doi:10.2196/13688

KEYWORDS

human-centered design; informal caregivers; experience sampling; home care; positive psychology; mental health; reflective
technologies; well-being; HCI (human computer interaction)

care can impact caregivers health and well-being in numerous
ways. Understanding the diverse needs of informal caregivers
iscritical for finding waysfor supporting their well-being. This
is not only beneficial for them but also for the care recipients

Introduction

Longer life expectancies and health care reformsin professional
health care provision have increased the reliance on informal

caregivers (eg, family, friends, or neighbors), who carry out
long-term in-home care of their relative or loved one [1,2].
Across the Organization for Economic Co-operation and
Development countries, such as France, the United Kingdom,
the United States, and the Netherlands, informal caregivershave
become the backbone of long-term care provision. Over 1in 10
adults provide informal (unpaid) care to their parent (36%),
spouse (31%), friend (18%), or relative (18%) [2]. Providing

http://mental .jmir.org/2019/5/e13688/

who often prefer someonethey know well to provide (long-term)
care for them [2]. Formal care providers should aso have an
interest in improving the well-being of informal caregivers, as
informal caregivers play an imperative rolein providing higher
quality home-based care[3].

Technology has considerable potential to support home care

provision. A large body of research exists in human-computer
interaction (HCI) to mainly support patients [4-7] but also
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caregivers [6,8-13] in the context of in-home care. Thus far,
however, in developing technologies for caregivers, research
has generally emphasized functional support for caregiving
(how can a caregiver provide better, more effective care?),
whereas few studies focus on the well-being of caregivers
[8,14,15]. Yet, researchers in HCI have already urged for
moving and evolving from an efficiency approach toward a
focus on user experience and toward finally embracing positive
psychology approaches and focusing on wellness [16-20].
Similarly, in the development of technologies for home care,
researchers in this field have already indicated the need for
shifting focus from solutions for managing careto solutionsfor
wellness [21,22]. The demand for and reliance on informal
caregiversislikely to increase even more. Thus, it is now time
to also acknowledge the remaining gap in technological
approaches and solutions for positively identifying and
supporting the caregiver experience and focus on how
technological methods could place more importance on
caregivers well-being.

In 2013, the National Alliancefor Caregiving [14] already stated
in atimely report how technology can play a more meaningful
rolein helping informal caregivers:

There is an ongoing need for research on family
caregivers, especially as technology dramatically
impacts caregiving. More current, thorough and
accurate data is needed about the diversity of
caregiver roles and responsibilities, about what
caregiving involves day-to-day and the nature of the
burden it represents, and how much it impacts those
around the caregiver.

Better identifying and understanding the varying, complex, and
personal experiences of caregivers in the contexts in which it
takes placeiscrucial in exploring how (technological) solutions
could improve the needs and well-being of caregivers. To
addressthis, this study investigated how methodsfrom HCI and
design can help capture and understand the day-to-day
(emotional) experiences of caregivers. For this purpose, a
reflective study toolkit was designed. The Co-Care-KIT alows
for caregivers to collect meaningful data about the personal,
everyday experience of caregiving. The Co-Care-KIT serves 2
goals. First, to investigate how different tools for capturing
caregivers experience combined can work during a 2-week
field study. Second, to gain in-depth knowledge about the
experience of diverse caregivers through the qualitative data
that were collected with the toolkit. The primary purpose was
thusto evaluate atoolkit for better understanding the experiences
of caregivers. This was done so to meet the ultimate ambition
of better supporting caregivers' well-being. Consequently, by
encouraging self-reflection, the use of the toolkit was designed
to also be of valuefor the caregiver. A positive design approach
was undertaken in trying to maximize the toolkit’s use for the
participants by facilitating caregivers to collect and reflect on
experiences that were meaningful to them as these occurred in
the wild.

The rest of this paper presents the design of the Co-Care-KIT
toolkit based on studies of relevant methods from HCI and
design for capturing experiences. It describes a 2-week field
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study with the Co-Care-KIT that was conducted with
home-based informal caregiversin diverse care situations (N=7).
Then it reports the study’s findings, including an evaluation of
the toolkit method. The paper concludes with a discussion of
the lessons learned using this method. The main contributions
of this paper constitute the design and evaluation of the rich
toolkit; thelessons|earned and new perspectives gained through
deploying thisreflective tool kit method; and findings concerning
the emotional experience of caregivers from the rich data that
were collected through this study. These findings build on and
contribute to the research on how HCI can better understand
and support informal caregiving.

Capturing Experiences

Informal Caregiving Research

In investigating the experience of caregivers, research has
focused primarily on the more negative aspects. It has focused
particularly on the burden that caregivers endure, such as
psychological stress; depression; poor health; guilt about not
doing enough; work and employment problems; and social
effects such asisolation [23-28]. Nonetheless, caring for aloved
one can also provide a sense of gratification to caregivers. The
lack of attention paid to the positive aspects of caregiving has
skewed perceptions of the experience of caregiversin research
[29]. However, there are aso positive aspects that have been
highlighted in the literature [28-32]. Recently, scholars have
started to emphasize on how positive aspects of caregiving can
actually lower levels of reported depression of caregivers|[31].
Conceptualizations of positive aspects of caregiving include
the following: role satisfaction (a sense of satisfaction in
performing tasks); emotional rewards (feeling appreciated or
successful); personal growth (growing as a result of the role);
competence and mastery (sense of mastery in the new role);
relationship gains; sense of duty; and reciprocity (satisfaction
in fulfilling a sense of duty) [31]. Nonetheless, every care
situation is unique and different factors can contribute to the
experience of caregivers. For example, the care load of an
informal caregiver often depends on the constantly changing
needs of their carerecipient. It also depends on the presence (or
absence) of other informal and formal caregivers. Moreover,
whether the helping role of a caregiver causes them stress or a
feeling of satisfaction can quickly change based on time and
context [33]. Studies have predominantly used quantitative
measures to investigate the experience of caregivers. These do
not capture the contextual featuresthat determine the experience
of a caregiver [23]. As the experience of caregiving is not a
fixed state but adynamic process that depends on many factors,
itiscrucial to recognize these nuancesto be able to support the
well-being of caregivers. Thus, in investigating the experience
of caregivers, dynamic factors such astime and context should
be considered in an ongoing assessment of how a caregiver is
doing from moment to moment and day to day. Moreover,
caregivers may not be aware of or focused on their own health
and well-being, as previous research has shown that caregivers
prioritize the well-being of the person they care for over their
own [8,34]. Thus, in studying the experience of caregivers, it
is important to also encourage caregivers to reflect on their
personal well-being and needs and provide tools to do so. In
the next section, this paper explores how methods from HCI
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and design can help to capture and understand the day-to-day
experiences of caregivers.

Methods

Experience Research in Human-Computer Interaction
and Design

In HCI, there are a number of methods that involve capturing,
measuring, and tracking daily habits and experiences. For
example, Quantified Self technologies, such as sensing and
lifelogging systems (the automatic capture of activities with
digital tools such as wearables), have demonstrated potential
in collecting bodily and day-to-day status data of people.
Although there are some notable exceptions, such asthe Three
Good Things method that encourages people to record positive
experiences [16,35], lifelogging and sensing activities often
seem to focus on detecting the more negative emotional,
functional, and bodily experiences, such as anxiety, stress, and
depression [36-40]. However, these technologies can also be
deployed for more positive purposes. For example, Sellen and
Whittaker [41] have discussed how lifelogging could potentially
support learning through later reminiscence (recollection of past
events) and reflection (reflecting on and reviewing of past
events). In psychology research, reflection is increasingly
correlated with mental health and well-being [42,43].
Consequently, in HCI studies, there is also a growing interest
in design for reflection [35,44-48], often involving participants
to self-track or capture data. For example, Isaacs et al [35] have
developed a lifelogging app that facilitates usersto record and
reflect on memories, ultimately aiming to increasethewell-being
of its users. Moreover, diary studies [49] are now more widely
used in HCI to evoke reflections on participants’ views and
experiences in situ. In addition, the expression of emotions
through expressive writing is acommon therapy for improving
aperson’swell-being [50-52]. Furthermore, cultural probes[53]
are materials used in design research to elicit expression and
responses from users. For example, in a notable study in 2016
with informal caregivers, probes (in the form of diaries and
photo cameras) were used as tools to gather stimulus for
interviews[54]. Probes can comein many forms, such asdiaries,
postcards, cameras, objects, or games, and are typically
combined in toolkitsto enablerich and varied qualitative inquiry
from prospective users [55]. Diary methods have been used in
research to investigate social, psychological, and physiological
processes within daily situations, and avoid some of the recall
biases inherent to single report interviews [56]. Interpretation
of data gathered through design probesis often mostly done by
designers and researchers to ultimately inspire the (co-)design
process of new products or services. Thus, using probes for
collaborative interpretation and self-reflection by the target
group has largely been uncharted territory so far. Another
method that is specifically developed for measuring the
experience of peopleisthe Experience Sampling Method (ESM).
ESM [57] originates from the field of positive psychology that
places focus on the positive aspects of life and where it is
commonly used for assessing in situ subjective happiness of
people by having them report on their thoughts and feelings at
signaled moments throughout the day [58]. It combines the
ecological validity of naturalistic behavioral observation with
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elements of adiary and the precision of questionnaire measures
[57]. Thisapproach has a so further been devel oped for the use
with mobile devices and various media, such as photography,
to capture data and experiences from users [59-61]. Photo
elicitation allowsfor the development of rich phenomenological
data to research the lived experience and provides subjects an
opportunity to express their experience from their own
perspective [62]. The process has been described as highly
empowering because it offers an opportunity for research
participants to actively engage in the research process [63].
ESM has an advantage over other research methods that also
collect information about the context and lives of people (such
asobservations, interviews, or diary studies), namely, it enables
direct capturing of experiences in the moment they occur. The
Atlas of Caregiving [14] also stresses the need for experiential
and reflective approaches toward the daily practices of
caregiving but focuses on adifferent cultural (the United States)
and socia context (family).

Design for Reflection

Baumer [64] coined the term reflective informatics and
distinguishes between 3 dimensions (perspectives) to inform
and inspire how design can potentially support reflecting: first,
there is breakdown (eg, when a system suddenly does not
perform as a user expectsit to, an opportunity for reflectionis
created); second is inquiry (supporting reviewing of past
experiences such aswith reflecting on past journal entries); and
the final dimension is transformation (not just examining the
current state of something but envisioning alternatives and
supporting change).

As this paper focuses on capturing and understanding the
persona and varying daily experience of caregivers(or inquiring
into the experience of caregiving), this study fits mostly into
Baumer’'s dimension of inquiry. We address this by enabling
caregivers to self-capture experiences that are meaningful to
them and, in doing so, facilitate and empower caregivers to
reflect on their current and past experiences.

This study investigated methods from HCI, (reflective) design,
and (positive) psychology for capturing the experience of people.
Such methods have not yet been studied vastly with caregivers.
Moreover, these methods focus on capturing samples by
participants but often leave the interpretation of data to the
researchers. Therefore, these investigations formed the basis
for the design of a reflective study toolkit for caregivers. the
Co-Care-KIT. This study kit contains a variety of tools that
combined enable caregivers to capture and reflect on their
varying, contextual (emotional), and personal experiences as
these occur in situ. The tools not only enable capturing of
(positive) experiences but make it possible to visualize these.
In this way, the caregivers experiences can be discussed in a
dialogue between the researchers and caregivers. The next
section describes the design and development process of the
Co-Care-KIT.

Co-Care-Kit Design

Theideaof atoolkit for caregiverswas also inspired by a study
by Bosch and Kanis [8], which identified several design
opportunities for caregivers. This study also highlighted how
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capturing and cherishing moments during caregiving could
emphasize the caregivers' positive outlook. Therefore, in the
design of the individua tools in the Co-Care-KIT, emphasis
was placed on dliciting reflections about how the caregiver was
doing both in the moment and generally. A variety of
complementary methods of €licitation were included to
understand the caregiver experience fully. The final
Co-Care-KIT toolkit (see Figure 1) comprises the following
tools:

1. Acustom-designed journal for writing and reflecting about
daily experiences. In addition to recording daily thoughts
and experiences, the journal contained predesigned pages
for supporting experience disclosure.

2. AniPhone with an app for photography-based experience
sampling: this app enabled caregivers to visually capture
their experiences and rate how they are feeling at signaled
moments throughout the day.

3. A heart rate tracker wristband that caregivers can use to
continuously measure their heart rate variability (HRV), as
an indication of their stress.

4. Supplementary material: Online and offline informative
resources, such as bookmarks and leaflets, on caregiving
support wereincluded in thekit. Finally, additional writing
aidsto use with the notebook were provided, such as pens,
markers, and Post-it notes.

Bosch et al

A basic and unpolished look was chosen for the visual design
of the Co-Care-KIT, using materials such as cardboard and
paper, to maximize its appeal to awide variety of participants
(both young and adult caregivers, male and female) and to attract
participants in using the provided tools and materials. These
toolswere selected because these could complement each other,
namely, appealing to different types of users and ways of
(positively) identifying the mental and experiential state. A key
goa was that the caregivers could directly benefit from
participation. The kit, therefore, not only provided additional
supplements but also provided tool sthat enabled self-reflection
SO as to support more awareness of their own needs and
well-being.

Journal: Writing and Reflecting

Thefirst tool in the Co-Care-KIT isacustom-designed journal
in which the participants can report their activitiesin their own
time during the study. To support this process, the journal
includes predesigned pages (see Figures 1-3), for example, some
contain a question or a beginning of a mind map about topics
such as “positive emotions | am feeling. . ", “what new skills
have you learned from the care you provide?’, or “what do you
do to relax?’ to provoke reflection about diverse (emotional)
experiences; other pages include daily timelines on which
participants can note their daily activities.

Figure 1. The Co-Care-KIT, including a custom-designed journal, photography-based experience sampling app, and heart rate tracker.
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Figure 2. Journal pages from P5. On the left page: a diary of day 14 of the field study and on the right page: a list of things she was proud to have

accomplished this week.
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Experience Sampling: Capturing Everyday Moments
Second, the Co-Care-KIT contains an iPhone equipped with a
photography-based experience sampling app (see Figure 4).
Theapp isprogrammed to signal participantsat random intervals
during the day to reflect on what they are doing and how they
arefeeling. Thisinvolvestaking aphoto and completing ashort
survey, including writing a caption of the captured moment and
indicating how they feel on a 5-point happiness scale. Photo
elicitation evokes emotionsand feglings and forms arich source
of data. The alarms go off up to amaximum count of 6 timesa
day so as to capture the experience at different times and
showcase a diversity of moments from caregivers over the
course of aday. Experience sampling research indicates that a
maximum of 6 alarms is considered appropriate to not
overburden the participant [57].

Alarms can be set within a time frame in consultation with
participating caregivers. Individual aarms can be either snoozed
or ignored when these happen to go off at an inconvenient time.

Tracking How the Caregiver is Doing

Third, a heart rate monitor wristband (the Mio Link [65]) is
included in the Co-Care-KIT to complement the journal entries
and photography-based experience sampling dataof participants
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with objective data about how they are doing during the study.
This enables caregivers to track their heart rate using an HRV
tracking app [66] on the iPhone. HRV is used to describe a
number of measurements based on consecutive heartbeats and,
in research, HRV measurements are used as a physiological
indicator for recognizing mental effort and emotions, such as
stress and worry [67-70]. The large body of research done by
the MindGames research group [71] showed that biofeedback
such as HRV can be creatively used for obtaining a positive
state of mind. Current neurobiological evidence suggests that
HRV isimpacted by stress and supportsitsusefor the objective
assessment of psychological health and stress[72]. Nonethel ess,
measuring physiological data such as HRV with a noninvasive
consumer wearable, such as the optical heart rate tracker
wristband that was used, is not very reliable. For example,
missing a heartbeat because of an incorrectly placed wristband
could result in fal se measurements. However, accuracy was not
the main goal but rather to have some type of objective, a
physiological indicator to reflect the well-being of caregivers
to evaluate if and how caregivers value such data. Therefore,
this was nevertheless included in the Co-Care-KIT (with
instructions). For this reason, caregivers were able to use the
heart rate monitor during the study to track but were not able
to see avisua representation of these data until after the field
study.
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Figure 3. Journa pages from P7 (top) and P4 (bottom). The statement at the top of the page prompts participants: People most involved in the care
process. The participant isin the center of the page and writes down who isinvolved (care recipient, family, friends, and the professional help).
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Figure 4. The experience sampling app: taking a picture, writing a caption, and indicating mood.
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Providing I nformation

Online and offline informative resources for caregivers were
included in the kit, asaprevious study [8] indicated aclear need
for this. Theseinformative materials were obtained and selected
through consulting Dutch informal care organizations and
included leaflets about support groups for informal caregivers
and information about informal caregiver organizations.
Moreover, Web page bookmarks with information about
informal care support services were preprogrammed on the
iPhone.

Making Data Discussable

To be ableto discussthe collected data sampleswith caregivers,
weseeit ascritical to visualize each form of experience sample.
Therefore, the heart rate measurements of each caregiver were
plotted on daily timelines, including the photos that had been
taken. Thiswas doneto create an overview and to show context
data such as time, location, and people. Similarly, the pagesin
the journal were designed in such a way that these can be
interpreted at a glance (see Figures 2 and 3). In summary, the
Co-Care-KIT combined various methods for (subjective and
objective) experience disclosure into 1 toolkit to enable
caregivers to capture and self-reflect on their emotional
experiences in situ. The collected experience samples then
served as a rich source for dialogue between participants and
researchers.

Study Approach

A 2-week field study with the Co-Care-KI T was conducted with
home-based informal caregiversin diverse care situations (N=7).
This field study was preceded by semistructured introductory
interviewswith each of the participantsto gain an understanding
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about their general experience of caregiving, and each individual
field study concluded with a closing interview (lasting
approximately 1.5 hour) during which the data that were
collected with the Co-Care-KIT were discussed and evaluated
together with the participants.

Recruiting Informal Caregivers

The majority of studies with informal caregiversin HCI focus
on caregivers of a specific patient group (eg, caregivers of
people that are diagnosed with Alzheimer disease). Moreover,
even though people of all ages serve asinformal caregivers, the
majority of studies arefocused on adult caregivers[12,54]. This
study goes beyond these specific caregiver or patient groups
and focuses on capturing the caregiving experiences of diverse
caregivers in diverse care situations. An intentionally wide
variety of caregivers was approached for recruitment. The
challenge in recruiting potential participants is that caregivers
often fail to identify with the term informal caregiver because
of the gradual assumption of therole[73,74]. Therefore, many
different approaches were undertaken for recruiting study
participants: collaborating with informal care organizationsand
research groups in the Netherlands and beyond; volunteering
asacaregiver to connect with the target popul ation; promotional
flyers at a doctors' office, placing online calls in Facebook
caregiver support groups; and reaching out to young caregivers
who had already taken part in a university-wide study and who
indicated their role and consented to be contacted for future
research studies.

Study Design

After recruitment and obtaining formal and detailed consent,
semistructured introductory interviews were conducted with
informal caregivers of care recipients with wide-ranging care
needs (N=7; see Table 1).
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Table 1. Overview of study population and collected data.
Participant Gender Age Healthconcernsof Working part- Relation to Hoursspent Durationof Photos Heartrate  Journa
care recipient time (PT), carerecipient caregiving  fieldstudy collected tracking kept
full-time (FT), per week (days) (days)
or studying
P1 M 63 Dementia, osteo-  PT Son/son-in- 3-8 8 30 7 Yes
porosis, and visua law
impairment
P2 F 36 Stroke, paralysis  PT Daughter 8-16 14 32 1 Yes
P3 F 35 Spinal cord injury  PT Neighbor <3 14 30 11 Yes
P4 F 57 Dementia, osteo-  PT Daughter 8-16 11 42 3 Yes
porosis
P5 F 23 Amyotrophiclater- FT student Daughter 3-8 12 17 1 Yes
al sclerosis
P6 F 22 Old age, frailty FT Student Granddaugh-  8-16 7 25 3 Yes
and PT work-  ter
ing
P7 F 26 Chronic pain Daughter 8-16 14 23 5 Yes

Each caregiver was questioned about (1) the context of their
care situations (eg, for how long they had been taking care of
someone; what their rel ationship with this person was; why they
cared for this person; and what their caregiving tasks entailed)
and (2) their (emotional) experiences of caring for someone
(eg, what they enjoyed most about caregiving and what they
did not like about caregiving). An additiona theme was
discussed with young caregivers who were also enrolled in
college, namely (3) their experience of combining school and
caregiving (eg, how they combined school work, caregiving,
and their personal lives; whether their school performance was
suffering because of their caregiving work; and how the
university could better support them). To gain an understanding
of each caregiver’'s perceived burden, the 13-question Caregiver
Strain Index (CSl) [75] was used during each interview. The
CSl is computed by summing the 0 (no) and 1 (yes) responses
for the 13 items. Therefore, CSI scores range from 0 to 13.
Positive responses to 7 or more items on the index indicate a
greater level of strain, and the instrument can be used with
individuals of any age. It should be noted that the CSI instrument
was originally developed to screen partners of older adults for
caregiver strain. For the purpose of this study, a dightly
modified version of the CSI was used with all participating
caregivers: in one of the questions, the phrase my partner was
changed to my care recipient. Interviews took place in the
caregivers home or at the university, and each conversation
took approximately 1.5 hours including instructions. Owing to
the small sample size, the CSlI only provides a preliminary
insight of participantsin the study. Next, afield study with the
Co-Care-KIT study toolkit followed with all of the participants.
Asinformal caregiversform astudy population that can already
be quite burdened by their circumstances, the duration of the
field study was determined in consultation with each participant
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and varied between a minimum of 7 days and a maximum of 2
weeks. The informal caregivers were provided with the
Co-Care-KIT toolkit and each tool was explained and
demonstrated. During the study, the researchers contacted each
participant at least once to check if everything was going well
and to keep the study motivation going. After the field study
was completed, the el ectronic devices and collected experience
data were returned to the researchers and a final closing
interview was scheduled during which participants discussed
and interpreted their captured experience datatogether with the
researchers. |n preparation for thisinterview, participants’ heart
rate datawere visualized on daily timelines, which also showed
the photos that they had taken (Figure 5). These visualizations
served as stimulus for the interviews so caregivers could
interpret and reflect on their experiences and what they had
learned.

Data Analysis

All interviews (7 introductory and 7 final interviews) were
transcribed and then coded by 2 researchers. The transcriptions
wereanayzed using applied thematic analysis, abroad inductive
method in which key themes are identified in text and
transformed into codes [76]. Applied thematic analysis as a
method assumes a researcher’s effect on the data. Before the
final interviews, the journals that participants had kept during
the field study were read and used to formulate additional
guestions. During the fina interviews, the data that were
collected with the study kit were thoroughly discussed with
each caregiver by using the experience data samples as
conversation props. the photos and heart rate measurements
were spread out on the table and were discussed and interpreted
by the caregivers while the researchers questioned them about
it. Thiswas the main method used for analyzing the qualitative
data from the kit.
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Figure 5. Heart rate measurements of P5 plotted on a 1-day timeline, including the affective state and pictures that were taken that day.
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Results

A group of informal caregivers (N=7, 1 male and 6 females)
wererecruited for this study (see Table 1). The study population
consisted of caregivers aged between 22 and 63 years, amid 3
young caregivers who were still in college.

Introductory Interviews

The study population included caregivers in diverse care
contexts (see Table 1). Most participants cared primarily for
their parents (n=5) and in other cases for their grandparents
(n=1) or their neighbor (n=1) and cared for personswith diverse
and sometimes multiple health issues, varying from Alzheimer
disease, old age, and physical disabilities to chronic pain.
Overall, caregivers acknowledged a positive outlook on their
care situations. Participants seemed very open in discussing
their personal experiences during theinterviews and the majority
of the conversations were perceived optimistic and positive,
even while discussing difficult subjects and situations. As P2
explained: “I liked the study method, so that makes it easier to
talk about the subject.” However, despite the majority of
participants liking the kit and having a seemingly positive
outlook and experience of caregiving, their average measured
burden was relatively high, namely, 6.7 (SD 2.98) on the CSl.
This 13-question instrument isthe most used scale for measuring
subjective burden among caregivers. The CSl is computed by
summing the 0 (no) and 1 (yes) responses for the 13 items.
Therefore, CS| scores range from 0 to 13. Positive responses
to 7 or moreitems on theindex indicate agreater level of strain.
For the adult participating caregivers, the measured CS| was a
little lower and more varied, with an average of 6.0 (SD 3.9),
than for young caregiver participants, whose average was 7.7
(SD 1.15). Caregivers found it difficult to indicate how much
time they actually spent on caregiving on average, as care
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activities happened routinely throughout the day. Moreover,
even though the caregivers had been recruited for astudy about
the experience of caregivers, they were seemingly trained in
thinking about what is best for the person they care for: on
multiple occasions during interviews, the researchers had to
remind caregivers to answer questions from their own
perspectives, instead of from their care recipients’ perspective.

Field Study With the Co-Care-KIT

The participants used the Co-Care-KIT for 1 to 2 weeks each,
with an average of 11 days per participant (see Table 1). Overal,
the experience of using the toolkit was found positive and
resulted in a considerable amount of experience data recorded
by caregivers. In total, 199 photos were captured (mean 28 per
participant), 31 days of heart rate measurements were recorded
(mean 4.4 days per participant), and every participant used the
Co-Care-KIT’s journa during the study. The participants
interpreted their captured data together with the researchers
during the closing interviews. The findings reported next are
based on these interpretations.

Photography-Based Experience Sampling

Many photos were collected, even though some participants
reported that they sometimes skipped recording asample during
the study when consecutive alarms would go off and they were
till in the same place or engaging in the same activity that had
been recorded before. Signaling participants to capture photos
at random moments throughout the day and initiating a small
moment of reflection by writing a caption ensured that
participants not only captured the highlights of the day but also
the mundane experiences. Thisresulted in avaried and detailed
visual report of their lives. As P1 stated,
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We already take a lot of photos now, but those are
thetypical “ oh look how nice” or * look how special”
moments.

Thus, experiences captured with the photo elicitation app were
diverse: moments spent in hospital; performing care tasks;
during cooking, cleaning, or doing laundry; time spent with
family members or friends, at work; at school; during
homework; or while traveling. The photos taken during the
study revealed alot about the daily context of each caregiver's
life: their home and the placesthey visit, their family, the person
they care for, and al the different things the caregiversdoin a
day on top of their care responsibilities.

During the closing interviews, each participant was asked to
organize and discuss the photos they had captured in whichever
way they preferred. The photos that participants most often
selected as positive, unsurprisingly, involved activities during
leisuretime, spending timewith friends or family, and cooking.
Caregivers aso indicated moments spent with the person they
cared for as most special to them. Negative moments included
times that the caregivers experienced worry or stress. such as
during a hospital visit; when the care recipient was not doing
well; or, for young caregivers, moments when they were
stressing over their homework. Moreover, seeing repetitive
photos was confronting for some participants because it
emphasized how much time they spent inside the house (P4) or
at work (P3). Some participants did not like performing care
tasks, whereas others enjoyed them because it made them feel
appreciated and helpful. For example, P6 (see Figure 6) stated:

My grandmother is usually really happy when | help
her with her groceryshopping. She knows everyone,
including me, has a lot on our plates, so when | take
my timewith her and don’t rush her through the store
sheisreally appreciative and that makes me feel good
about it.

Another participant (P5) described how some dayswere stressful
when she had a lot of studying to do, but also had to help her
parentswith chores (Figure 6). However, there were al so photos
of momentsthat were not simply positive or negative and talking
about these moments revealed some conflicting feelings a
caregiver can experience that were not captured in the photo
caption, emotion scale, or journal. For example, 1 caregiver
(P6) photographed a sports game that shewent to in the weekend
and although she had categorized this moment under relaxing
activities, she explained that during the moment she had felt
guilty over not being ableto visit her grandfather that day, which
madeit difficult for her to enjoy the moment. Thisexamplealso
demonstrates how caregivers, even when they are not actively
carrying out care activities can till feel emotionally burdened.

Despite the mixed emotions, the photo sampling seemed to help
with positive reflection, as P5 stated,

Most valuable wasthat | had to write a short comment
about the photo. | liked that. From the photos |
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learned that | like where | am and | like what | do,
during caregiving.

Journal Keeping

All of the participantswrote in the journal throughout the study,
although with varying detail. They found it was|essimmediate
for capturing experiences than the photo elicitation app. For
example, P1 stated,

The journal is less “in the moment”. | wrote in it
afterwards, based on memory, not during the day.

Of them, 1 participant (P5) explained it was sometimes hard to
be honest in her journal entries on days where she did not
accomplish the thingsthat she had planned because she wastoo
tired. Nonetheless, she kept adetailed diary throughout thefield
study (Figure 2) and was generally positive about it, stating:

| liked thejournal alot. | particularly noticed | liked
to fill in the exercises and questions, apart from
writing down what | did that day. It made merealize
what happens and who are important to me. Writing
down my days made me realize how much |
accomplish in a day.

The diary provoked personal reflection about how caregiving
made them feel and why and about patterns in their own
behavior. For example, P7 stated that rereading how hectic her
previous day was made her realize why she was so tired at the
moment. This helped her to decide she should have a night off.
Thus, participants also indicated that the journal made them see
all the different things they had accomplished in a day. This
supported appreciation of the nice moments they experienced.
Especially, the themed pages in the journal were helpful. They
hel ped seeing and appreciating what was important and to look
at things with a different perspective, such asidentifying small
upsidesin stressful situations. P7 indicated that the page about
people involved in the care process (see Figure 3, top) helped
her see that there were more people she could ask for help than
sherealized. P4 used the same pagesin the journal to reflect on
the quality in the communication with the people involved
(Figure 3, bottom).

Heart Rate M easurements

Tracking physiological dataas an indication of how participants
were feeling when they wore them induced some interesting
findings. Except for one, all participants found the idea of
measuring their physiological well-being interesting, especially
for measuring how they felt during specific momentsin which
they expected an abnormal heart rate (eg, during stressful times,
during caregiving, or after exercise). For example, P5 stated,

In the beginning | thought about taking pictures
during certain moments, especially in combination
with the heart rate measurements. Because | thought
it would beinteresting to be able to see how it affected
me.
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Figure 6. Left: P6 feels appreciated when she accompanies her grandma shopping. Right: P5 feels stressed and irritated when she took this photo: she

had alot of schoolwork to do but instead was on her way to help her parents.

Remarkably, the heart rate band got an extrameaning: it became
a visual expression of being a caregiver. During the previous
interviews, many caregivers explained they did not consciously
think of themselves as informal caregivers and they often did
not talk to their social network about their caregiver status.
During the study, however, when a colleague or friends asked
a participant about why he/she was wearing a heart rate band,
it became apositive cueto talk about their caregiving situations
with someone they would normally not.

I’m never very explicit about being a caregiver, but
| noticed that when | was doing this study, that people
automatically asked me about it. Because | wastaking
photos and wearing the heart rate wristband. Before,
| always thought: Those are my private things. But
people found it special that | was making photos and
wearing the band. That made it easy to talk about it
and people liked that | was doing it. They said: “ Oh,
| didn’t even know that you were a caregiver” . It felt
good to be able to tell them, to be honest. [P2]

For the final interview, the heart rate measurements that were
recorded during the study were plotted on a daily timeline that
also showed the photos that the participant had taken each day
(seeFigure5). This combination proved hel pful in remembering
the context and detail s of a certain moment and helped put days
with negative experiences into perspective as it showed other
more positive experiences on the same day aswell. For example,
when discussing her photos, P5 picked out a photo where she
stated that she was very stressed and irritated (Figure 6).
However, when the same photo came up in the heart rate plot
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(Figure 5) she remembered that she ended that same day on a
very positive note together with her brother. Thiswas something
she had forgotten all about.

Therewas 1 case with negative feedback in relation to the heart
rate wristband. Owing to a technical error, the wrist band’s
battery indication light started blinking unexpectedly and this
discouraged a participant (P2) to take any more measurements
during thefield study becauseit worried her that something was
wrong with her heart rate. Overall, the visual representation of
their well-being from the heart rate measurements was found
reassuring by most of the participants. For example, P4 said,

| am relieved that the measurements don’'t show
anything too surprising. Sometimes I’ m afraid that it
getsto me more than | think. It's reassuring.

A Deeper Under standing of Caregivers Experiences

Through the study, caregiversin our study became (more) aware
of their experience of caregiving. A number of dynamic
conditions seemed to affect the caregivers particularly in their
emotional states and well-being:

» Howthe carerecipient is doing: Caregivers expressed that
their personal happiness often depended on how the person
they cared for was doing and that they were frequently
concerned about their loved one, especially when they were
not easily able to check in. For example, 1 caregiver (P1)
lived far away from his father, making it difficult for him
to be there: “I worry a lot about my father, especially
because he lives so far away” Moreover, participants
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indicated that moments of worry arose around critical
momentsfor the carerecipient, for example, during hospital
appointments; when waiting on test results; or when hearing
about bad outcomes that influence the treatment of the
person they care for. This emotiona dependence was also
found in previous research [8] but the samples from the kit
(eg, the photos) made this more visible.

«  Uncertaintiesand unawareness: Especially beforethefield
study, caregiverswere often unaware of the time they spent
caregiving and they were more focused on the health of the
person they cared for than their own. After the field study,
however, they were able to better indicate how their care
responsibilities also affected them in moments that they
were previously unaware (eg, feeling guilty about being at
asportsgameinstead of with the carerecipient). Moreover,
having avisual overview (aswith the journal entries or the
heart rate visualizations) hel ped caregiversto seethe bigger
picture and reeval uate even negative experiences. Moreove,
caregivers reported how capturing how they felt over time
hel ped reassure them that they were doing well. 1t also made
them more aware of their role. P6 stated: “I liked the
exercises in between the journal entries. They make you
think about how you experience caregiving, which things
| like, about the future, etc. It makes you more conscious.”

« Increased responsibility: Older caregivers discussed how
they had to adapt their work schedules, for example, by
working less hours. Younger caregivers reported about
falling behind on schoolwork or even obtaining severe study
delay because of the extent of their care tasks. It was
difficult for them to study at home when they experienced
emotional burden as an effect of their loved one being ill.
There was a clear need expressed for support on thislevel.

- Talking about the care role and responsibilities to others:
In general, participants did not talk about their experiences
and emotions regarding caregiving with friends much and
they were more likely to talk about it with their partner or
with other caregivers (if at all). The reasons mentioned for
this were as follows: not feeling the need to talk about it
with people to whom it did not concern or not wanting to
bring it up because it was difficult to tell outsiders. P6
stated: “I just always think it's hard to tell people| am a
caregiver; it has such anegative connotation...” Motivations
for caregiversto bring up their caregiving situation to their
surroundings were more likely to be out of practical nature
than social, such as informing their professional
environment when they needed flexibility from work
responsibilities. Interestingly, an unexpected outcome of
using the heart rate band during the field study was that it
seemed to produce a positive angle for caregivers to speak
about their care role and responsibilities with people with
whom they normally would not. P4 aso added:
“Participating in the study made me talk to my husband
more about the situation.”

Evaluation of the Study Toolkit

Despite the fact that caregivers are a hard-to-reach user group
for study participation because they tend to have little time, the
toolsin the Co-Care-KIT each lead to the recording of rich data
of their experience of caregiving. In comparison with the
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interviews conducted before the field study, the Co-Care-KIT
reveal ed adeeper understanding of the caregivers' experiences.
Much effort was put into learning about the persona
multifaceted experiences during the introductory interviews.
However, mainly the highlights of caregiving experiences were
discussed. Although participants reported that the study was
provoking at times, it also increased awareness of their own
well-being and the full extent of their caregiving experience
filled with stressors, aswell as positive experiences. Caregivers
also became more aware of the time spent caregiving. P1, for
example, explained,

| learned how to name/recognize certain activities.
From the kit | learned that | spend WAY more time
caregiving than | thought.

This insight could have lasting benefits, as P1 consequently
stated: “| am going to push harder to get more formal help.”
Especially because caregivers tend to prioritize the health and
well-being of the person they care for over their own, thiswas
an important outcome. Furthermore, capturing experiences
contributed to an ongoing reflection and empowered partici pants
to open up about their caregiver status to their social network.

Out of al the tools in the Co-Care-KIT, the most positive
reactions concerned using the photo licitation app. Participants
found that taking a photo with the app was a convenient method
for capturing experiences. Taking a photo and indicating how
they felt through the app supported reflection about how they
were doing several times a day. P6 stated,

It made me more aware of what | do. It makes you
chew over certain moments: what | wasdoing or what
| did.

Several participantsindicated that this small repetitive reflection
had a positive effect during the study, for example, P3 stated:
“It wasreassuring that | realized that | feel very stable” and P1
said,
Taking a photo makes for an evaluation moment. It
makes clear that you are doing something, part of a
process. That motivates me in tracking the other
aspects of that process as well.

Talking about the moments captured in photoswith participants
helped researchers better understand the personal experience
of caregivers and revealed conflicting feelings that caregivers
can experience. Similarly, the journal was also helpful in
evoking personal reflection about how caregiving made
participants feel.

A particular strength of using the toolkit seemed to lie in the
richness of the collected samples and how these made it possible
to discuss them. The kit alowed caregivers to record many
different data samples during only a 2-week field study.
Combining various sources of samples in a visual overview,
such asthe visualizationsthat combined heart rate measurements
and photos on a daily timeline (see Figure 5), was a helpful
prompt during the final interviews because of the contextual
details it showed. Discussing these with participants helped in
creating a bigger picture of the caregivers individual
experiences. It helped caregivers put things into perspective,
instead of focusing on one moment in particular. This was not
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only useful for gaining a deeper understanding of caregiver
experiencesfor the researchers. Caregivers were positive about
thisaspect of the study aswell, asit was also insightful to them.
The idea of measuring their well-being and health was found
interesting by the majority of participants, especialy as a
reassurance during specific momentsthat they suspected would
affect them (eg, during stressful moments, during caregiving,
or after exercise). Finally, the participants seemed to like the
reflecting of the positive brought about by the kit, as P1 stated,

The kit helped to focus more on the positive, instead
of thinking about the practical thingsyou did that day
(eg, cleaning), you remember the feeling you had
better.

Discussion

Principal Findings

The developments in the field of HCI, in which researchers
(inspired by positive psychology) have begun to explore and
define how technology can foster users well-being [16,19,20],
call for new approaches for understanding users emotional
experiences. This paper builds on those developments by
exploring how technology can help capture users changing
emotional states in situ during a 2-week field study. Several
aspects of the Co-Care-KIT study method particularly showed
promise in supporting caregivers through (1) experience
capturing, (2) collaborative reflection, (3) providing reassurance,
and (4) socia sharing:

1. Support capturing the bigger (positive) picture: Solely
capturing experiences repeatedly throughout the field study
gave participants an opportunity to reflect on their emotional
experience (in accordance with Isaacs et a [35]). This
ongoing reflection promoted a focus on the bigger picture,
instead of only the (positive or negative) highlights of a
situation. Furthermore, consistent with other research
[50,52,64], the study found that writing, listing
accomplishments, and reflecting on specific topics had
positively affected participants awareness of positive
aspects in life. Of all the methods, participants generally
enjoyed the photo experience sampling tool the most. This
method took little effort and, thus, could provideinteresting
perspectives to deploy in further longer studies to capture
and react to changes in wellness.

2. Enabling collaborative reflection: The Co-Care-KIT was
found to be a vauable tool for discussing users
multifaceted experiences. The combination of allowing
users to self-report and encouraging reflection resulted in
abetter articulation of their needs. Visualizing the collected
data samples made it possible to then analyze experiences
in collaboration with participants. The outcome of this
collaborative reflection was not only relevant to the
researchers but also an insightful process for participants.
Mainly in the focus on this collaborative analysis, the
Co-Care-KIT toolkit approach differsfrom similar research
methods such as cultural probes.

3. Justly reassure users of their health and well-being to
increase their confidence in the ability to handle the
Situation: There was early evidence that providing

http://mental .jmir.org/2019/5/e13688/
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reassurance about the caregivers health promoted
confidencein their emotiona ability to handlethe situation.
Given that many factors can affect the well-being of
caregivers over time, this is an interesting finding that
deserves further investigation. Overall, focusing on
emphasizing and visualizing positive aspects of behavior
can indeed promote self-confidence and mental resilience,
which are important to caregivers[33].

4. Provide tools for social sharing: Wearing the heart rate
band provoked discussion among caregivers with their
social network about their caregiving status. Moreover, the
purpose of being a part of the study empowered the
caregivers to do so from a positive perspective. The study
produced this unexpected positive side effect, as caregivers
often tend to keep their experience to themselves. This
highlights that providing empowering tools and positive
cues can stimulate not only the awareness of the caregivers
emotional experience to caregivers, but also to others
surrounding them.

Limitations and Future Work

Caregivers form a difficult-to-reach user group for study
participation, as they are already heavily taxed. In concurrence
with other studies [6,8], challenges came up in recruiting
participants for the more extensive field study, resulting in a
small sample size. Participantswere easier to recruit in theinitial
guestionnaire study [8] than for the more time-consuming study
with the toolkit. The study also seemed to attract participants
who wereless burdened. The recruitment was most effective at
including young caregivers as participants. It has to be noted
that the sample is not fully representative for the group of
informal caregivers, for example, in terms of male and female
participants.

Furthermore, according to an extensive study [77], a large
percentage of caregivers are interested in technology, but only
few are using it. Thus, this still needs to be addressed in
real-world settings. Besides, the Co-Care-KIT was used in a
short field study. The aim was to investigate how different
methods for capturing experiences each helped gaininsight into
the experience of caregivers. The themes identified in the
applied thematic analysis of the qualitative data may have been
affected by aresearcher effect in which the data collected, and
interpretations generated were partly informed by the
investigators' perceptions[76].

Although it was beyond the scope of this study, it could be
interesting to study the emotional states of caregiversover time
by, for example, using one of the demonstrated toolsfor tracking
experiences in alonger study (eg, long-term reflection on life
events [35]). Furthermore, the field study lasted for 2 weeks,
whereas caregivers often serve in along-term situation. Thus,
this study provides only a limited insight into changing
experiences and in measuring the impact on emotional
experiences and well-being. Even so, the method itsdlf,
particularly the journal and photo experience sampling tool,
showed promisein giving caregivers greater awareness of their
ownwell-being and encouraged social sharing and could become
part of a solution. The study also showed an explicit need for
more lightweight approaches and solutions that relieve the
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burden of caregivers. These should further respond to the
changing emotional day-to-day experiences of caregiversin a
positive way.

Conclusions

There is a vast opportunity for HCI to better understand and
support informal caregivers emotional wellness during
caregiving through technology. This study showed therelevance
of studying the emotional experience of informal caregivers
and demonstrated amethod for capturing those rich experiences
insituwith areflectivetoolkit. Thetoolkit was evaluated during
a 2-week field study. This study found that through using the
Co-Care-KIT method, participants became better able to

Bosch et al

articulate how their caregiving experiences influenced their
well-being. Thetoolkit method enabled acollaborative analysis
together with the participants about both the stressors (such as
worrying, changesin their relationship with the care recipient,
and having to adapt to the increased responsibilities that come
with the caregiver role) as well as the positive experiences of
caregivers (such as moments of gratitude, talking about
caregiving with their socia network, and finding reassurance
in handling the situation). This study contributes to a better
understanding of the day-to-day experiences of caregivers,
which is afirst step toward designing solutions for supporting
the diverse and changing needs of caregivers at the right time
and in the right context.
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Abstract

Background: Adverse Childhood Experiences (ACEs), a set of negative events and processes that a person might encounter
during childhood and adolescence, have been proven to be linked to increased risks of a multitude of negative health outcomes
and conditions when children reach adulthood and beyond.

Objective: To better understand the relationship between ACEs and their relevant risk factors with associated health outcomes
and to eventually design and implement preventive interventions, access to an integrated coherent dataset is needed. Therefore,
weimplemented aformal ontology asaresourceto alow the mental health community to facilitate dataintegration and knowledge
modeling and to improve ACES' surveillance and research.

Methods: We use advanced knowledge representation and semantic Web tools and techniques to implement the ontology. The
current implementation of the ontology is expressed in the description logic ALCRIQ(D), a sublogic of Web Ontology Language
(OWL 2).

Results: The ACEs Ontology has been implemented and made available to the mental health community and the public viathe
BioPortal repository. Moreover, multiple use-case scenarios have been introduced to showcase and evaluate the usability of the
ontology in action. The ontology was created to be used by major actors in the ACEs community with different applications,
from the diagnosis of individuals and predicting potential negative outcomesthat they might encounter to the prevention of ACEs
in a population and designing interventions and policies.

Conclusions: The ACEs Ontology provides a uniform and reusable semantic network and an integrated knowledge structure
for mental health practitioners and researchers to improve ACES' surveillance and evaluation.

(JMIR Ment Health 2019;6(5):€13498) doi:10.2196/13498

KEYWORDS
ontologies; menta health surveillance; adverse childhood experiences; semantics, computational psychiatry

concerns[2], and affect nearly half of all US children under 18
yearsof age[3]. Direct indicators, including emotional, physical,

The study of Adverse Childhood Experiences (ACEs) and their @1 sexual abuse, at the individual level and indirect home
consequencesin termsof diseasesand health risks hasemerged ~ €Vironment indicators are commonly considered when studying
during the past 20 years[1]. The US Centersfor Disease Control  ACES. Ingeneral, ACEs are measured by two main experiences
and Prevention (CDC) demonstrated that ACEs are one of the dUring upbringing and  within the home  environment:
root causes of several physical, social, cognitive, and emotional victimization experience and exposure to adversities in the
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family. Victimization includes emotional abuse, physical abuse,
and sexual abuse. The exposure to adversities, often referred to
as household dysfunction, is measured by family members
history of substance abuse, mental illness, domestic violence,
incarceration, marital status, and financial difficulties leading
to food deficiency. However, these factors influence health
outcomes with different degrees and are closely linked to other
adversities at the community level and other social determinants
of health (SDH). Over the years, aconnection between a higher
number of ACEs and a variety of negative outcomes (eg,
substance abuse [3], impaired memory [4], biological systems
impairments [5], or criminal activities[6]) has been identified.
ACEs are known to have complex and negative influences on
individual health outcomes throughout the life course and have
enduring negative influences on physiological outcomesaswell
as psychological functioning. ACEs do not only affect
individuals but also have intergenerational impacts. Yet, many
questions related to the ACES causal pathway and the
effectiveness of existing interventions have remained
unanswered: for example, deciding on whether the best
intervention for a particular scenario is medical or a
community-based approach [7].

The complexity of ACES causa pathway demands
comprehensive and multidimensional data coordination. To
design effective preventive interventions to reduce the burdens
of ACEs, researchers and clinicians need access to a consistent
knowledge-driven, evidence-based comprehensive analytic
framework to study and monitor the causes of ACEs and their
impacts on health (ie, obesity, mental health, and substance
abuse), education (ie, cognitive developments, educational
attainment, and graduation rates), and social dimensions (ie,
placement in foster care and involvement with the justice
system). The ideal ACEs knowledge-based system should be
ableto capture and identify ACEsindicators, detect individuals
and groups at high risk of ACEs, integrate and validate ACEs
health and social determinants, aswell as exposure and genetic
variations at individual and population levels. In order to
improve the surveillance of ACEs, it is crucial to access a
standard vocabulary that facilitates data collection, analysis,
interpretation, and exchange of data between different parties
and disciplines. An ontology is a standardized computational
artifact that is used to capture, represent, and reason about the
knowledge in the field. Ontologies capture knowledge by
defining concepts, instances, relationships, and axioms. They
increase the interoperability between different data sources and
systems and improve the dissemination of data and knowledge
acrossdifferent disciplines. They also allow the use of semantic
technologies to reveal new associations between the datasets
and, therefore, discover new knowledge through logical
inference. Ontologies arewidely used in health and biomedicine
and have made a substantial contribution to translational and
clinical research aswell as public and personalized health care

[8].

The creation of the ACEs Ontology is rooted in recent efforts
to study the effects of ealy experiences and
socia-environmental factors on children’s development and
life-course health. These efforts have been made by multiple
actors from different disciplines at various levels, including

http://mental .jmir.org/2019/5/€13498/

Brenaset al

international organizations (eg, the World Health Organization
[9]), nongovernmental organizations (eg, the Foundation for
Excellencein Mental Health Care[10] and the Center for Youth
Wellness [11]), government offices (eg, the Tennessee
Department of Children’s Services [12] and the CDC [13]),
volunteers that consolidate their efforts (eg, the ACEs
Connection community [14] and the Cumbria Resilience Project
[15]), and academic studies. All of these projects have a
common goal, which is preventing occurrences of ACEs and
providing assistance to victims; however, their results, studies,
interventions, and tools are limited by the fact that they cannot
easily be shared in away that would improve the ability to repeat
or reuse them elsewhere. The ACEs Ontology can bridge the
gap between these efforts for efficient ACEs studies and
surveillance.

While several ontologies exist in the domain of mental health,
the ACEs Ontology isdesigned to deal with acarefully restricted
scope, which is the study, prevention, and treatment of ACEs.
We have included in the ontology some aspects that we deem
important because they are tangentially connected to ACEs,
such aspotentia health outcomesaswell astheir possible causes
and aggravating conditions. Many other projects and resources
exist that provide more detail ed views of these adjacent domains;
for example, the Children’s Health Exposure Analysis Resource
(CHEAR) project [16] deals with environment as well as
measurable exposure and biological responses. Since
environmental factors have impacts on the development of
children and on the incidence of ACEs, we plan to use existing
resources, such asthe CHEAR ontology [17], infuture versions
of the ACEs Ontology. The same can be said of other adjacent
domains, including the legal and penal system, psychiatry and
psychology of children and adults, nutrition, and interventions.

In this paper, we present the ACEs Ontology as a formal
reusabl e resource that can be used by the mental health research
community to advancethe surveillance and study of ACESs. The
ACEs ontological structure provides a semantic backbone
supporting the entire data model and hierarchy and supports
logical inference and query answering. The ontology is used to
form a consensus on the kind of data that is relevant and to
create acommon lexicon that makesit easier to share and reuse
knowledge and information inthe domain. The ACEs Ontol ogy
is an integral part of the Semantic Platform for Adverse
Childhood Experiences Surveillance (SPACES) [18], which is
a semantic recommender system currently under devel opment.
The SPACES system employs the contextual knowledge
provided by the ACEs Ontology, along with a hybrid content-
and context-based filtering approach to enable intelligent
exploratory and explanatory analysis and informed decision
making. In this paper, we will first explain how the ontology
was built and how it will dynamically expand to meet the needs
of the ever-evolving field of ACES' surveillance and prevention.
We will then show the usability of the ontology through a set
of use-case scenarios. The paper will conclude with discussions
of the findings and suggestions for future directions.
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Methods

Tofacilitate the integration of ACEs-related datafrom different
data sources, the ontology reuses several existing ontological
concepts and relations as much as possible, while introducing
new components. In some cases, the ontology integrates multiple
existing elementsin order to represent new piecesof knowledge.
The surveillance of ACEsis focused on monitoring, detection,
and prevention of ACEs as well as studying their causality
pathways and short- or long-term consequences. The knowledge
required to describe these activities is linked to concepts and
terminologies coming from awide variety of domains, including
medicine, legal justice, cognitive and persona behavior, and
community responses. This means that building an integrated
ontology and knowledge base that covers the whole range of
relevant subjects is a tedious, time-consuming, and complex
task.

To build the foundation for the ontology, we identified five
different key pieces of knowledge in our scope of study. As
shown in Figure 1, Person is used to representing human
subjects. It encompasses the child as well as their family
members and the rest of their social network. Felitti et a [1]
provided a set of definitions and criteriafor ACEs. ACEs may
affect Persons at different levels of granularity (eg, divorce or

Brenaset al

separation of parents might affect all the children in a family,
while being the victim of physical or sexua abuse might only
affect one of them). Social Determinants of Health are upstream
factors that can affect the Person and the exposure and
manifestation of ACEs. SDH also act at different levels of
granularity (eg, only members of a specific household are
affected by the presence of mold at home, while the whole
neighborhood is influenced, one way or another, by the lack of
public transportation or safety). Proximity to aclinic or grocery
store can be beneficial for all members of the community, while
proximity to other institutions can be positive for only aportion
of the community (eg, the presence of a strong religious
community might positively influence its well-standing
members, but may be seen negatively by people who do not
belong). Negative Health Outcomes are the medical and surgical
adversaries that can be caused or worsened by the ACEs (eg,
higher risk of heart attack or cancer). Intervention represents
the way that social workers, medical practitioners, or policy
makers can mitigate or negate negative health effects.
Interventions can beimplemented through various channels (eg,
medical, surgical, and legal). For instance, interventions can
include heart surgery to treat astroke or providing legal advice
for peoplewho fear that they might be evicted from their home.
The ACEs Ontology contains more-detailed concepts to
accurately describe these different overarching topics.

Figure 1. The top conceptual model for the Adverse Childhood Experiences (ACEs) Ontology, demonstrating the interactions between five major
concepts: Person, ACEs, Social Determinants of Health, Interventions, and Negative Health Outcomes.
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Figure 2. An abstract representation of some of the ontological concepts along with their relationships with the other thesauri in the field. SNOMED
CT: Systematized Nomenclature of Medicine—Clinical Terms; ACEs: Adverse Childhood Experiences, NCIT: National Cancer Institute Thesaurus,

MedDRA: Medical Dictionary for Regulatory Activities.
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Figure 2 represents some examples of the major ontological
elements; for instance, the ACE Household Substance Abuse
affects Individuals who are part of the same Household as
Individuals suffering from Alcohol Abuse— that Household
Substance Abuse may itself be a causa factor for the
development of Cancer. The concepts and relationships that
appear in the ontology come from various sources in the field
(eg, literature, databases, other ontologies, and domain experts).
Many of the concepts that are central to ACEs (eg, abuse,
violence, and mental illnesses and their medical consegquences
such as alcoholism, depression, obesity, and cancer) have been
scattered among different existing biomedical ontologies and
controlled vocabularies. For exampl e, based on different needs,
we imported a subset of the Systematized Nomenclature of
Medicine—Clinical Terms (SNOMED CT) [19], the National
Cancer Institute Thesaurus (NCIT) [20], and the Medical
Dictionary for Regulatory Activities (MedDRA) [21] into the
ACEs Ontology [22]. There is considerable overlap between
the domains represented in these ontologies and, thus, it is not
a surprise to find some repetitive concepts with similar or
different definitions. In order to improve interoperability and
reusability, we imported all the definitions and stated that they
were equivalent, where applicable (ie, they describe the same
concept).

Results

Overview

Figure 3 shows a fragment of the ACEs Ontology, including
the partial concept and property hierarchies. The Web Ontology
Language (OWL) format [23] isthe de facto standard to express
ontologies; for this reason, and for our ACEs Ontology to be

http://mental .jmir.org/2019/5/€13498/

RenderX

freely reused by the community, the OWL format [23] of the
ontology was made available via BioPortal [22] (see Figure 4).

An important decision when building the ontology was
determining its overall expressivity. The more expressive the
ontology, the higher the complexity of its associated reasoning
tasks. Inasimilar way, increasing the complexity of an ontology
makes it harder to maintain, as it becomes more difficult to
make sure that no two inconsistent statements cohabit within.
For this reason, and to encourage reusability of the ontologies,
many biomedical ontologies focus almost exclusively on the
taxonomical part of the ontology, which is defining inclusion
relationships between various concepts (eg, Verbal abuse [
Abuse; for instance, verbal abuseisa subcategory of abuse) and
avoiding the definition of more complex axioms (eg, Verbal
abuse [0Abuse [ [Thas Component. Verbal, for instance, verbal
abuse is exactly the category of abuse that has a verbal
component). In our ontology, we gradually define complex
axioms as needed to capture more sophisticated key concepts
necessary for ACES' surveillance. General axioms, such asthe
ones shown in Figure 5, are used to express these complex
concepts.

The current implementation of the ontology [22] is expressed
in the description logic ALCRIQ (D), a sublogic of OWL 2
[23]. It is an expressive logic and, thus, the complexity of the
decision problems is relatively high. In order to reduce the
complexity, it is possible to avoid the use of datatypes, which
are currently only used for dates and frequencies that might be
handled as concepts; counting quantifiers, used to define the
ACEs scores; or simplifying the role hierarchies. The ACEs
Ontology currently contains 297 classes, 93 object properties,
and 3 data properties. Most existing axioms are in the forms of
class subsumption or equivalence.
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Figure3. A fragment of the Adverse Childhood Experiences (ACEs) Ontology representing partial classand property hierarchies. OWL: Web Ontology

Language.
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Figure 4. The Adverse Childhood Experiences (ACESs) Ontology on the National Center for Biomedical Ontology's (NCBO) BioPortal [22]. ACESO:

Adverse Childhood Experiences Ontology; OWL: Web Ontology Language.

Adverse C_h||dhoo_d Experiences Ontology 2 O @
Last uploaded: December 21, 2018
Summary Classes Properties Notes Mappings Widgets
Details Metrics @
207
Acronym ACESO Classes 29
Visibility public Individuals 0
Description An ontology to help describe data about Adverse Childhood Experiences. Properties %6
Status Alpha Maximum depth 11
Format OWL Maximum number of children 29
Contact Arash Shaban-Nejad, ashabann@uthsc.edu Average number of children 2
Jon Brenas, jhael@uthsc.edu Classes with a single child 81
Classes with more than 25 children 1
Submissi _ z
ubmissions Classes with no definition 297
Version Released Uploaded Downloads
1 odIndexad Metrics, Annctate) 12212018 12/21/2018 OWL | CSV | RDF/XML

Figure 5. Some genera axioms defined in the Adverse Childhood Experiences (ACEs) Ontology. OWL: Web Ontology Language.

General class axioms:

Uinflicted_physical_harm some (has_result some Injury) EquivalentTo inflicted_physical_harm_that_resulted_in_injuries some owl:Thing

U inflicted some Physical_harm EquivalentTo inflicted_physical_harm some owl:Thing

0 lives_with some Incarcerated EquivalentTo suffers_from some Criminal_Household_Member

0 (has_mother some ( inverse (physically_abused_girlfriend) some Person)) or ( inverse (father_physically_abused_mother_of) some Person)
{ (physically_abused_by_parent some Person) or (physically_abused_by_someone_living_in_the_same_home some Adult) EquivalentTo suffer
(" lives_with some (suffers_from some 'Mental disorder') EquivalentTo suffers_from some Mental_Iliness_In_Household

© (has_mother_divorced_from_father some Person) or (has_mother_separated_from_father some Person) EquivalentTo suffers_from some Pai

In addition to the actual ontology, we also use semantic rules.
In our ontology, somerules are used to enable data access. While
the ontology provides alanguage to express the knowledge, the
actual data itself is usually stored in data files or repositories
that can use adifferent lexicon. Rules are employed to map the
actual datato the ontology to enable knowledge-based querying
and inference. Languages, such as Positional-Slotted,
Object-Applicative (PSOA) Rule Markup Language (RuleML)
[24], can be used to create those rules. Additionally, in our
specific application to ACEs, some concepts require more
expressivity than can be supported by OWL [21]. For instance,
Felitti et al [1] define that one suffers from Physical Abuse if
and only if aparent, stepparent, or adult living in her/his home
throws something at her/him or pushes, grabs, slaps, or hitsthe
person so hard that marks or injuries are caused. Someone

http://mental .jmir.org/2019/5/€13498/
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suffered from Physical Abuseif, for example, the data contains
asubgraph similar (ie, homomorphic) to the graph in Figure 6.

It is not possible to express exactly the existence of such a
homomorphism in OWL. Several solutions can be considered.

usto fully expressthe knowledge and check its consistency, we
can use an aternative solution by employing rules external to
the ontology, such as “Physicaly Abused(x) —» Oy, z has
y would span Personsand zwould bean | njury. Theright-hand
side of the rule can be alogic formula, asin the example, or a
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guery returning a Boolean value (eg, the query shownin Figure
7).

The third application of rules is to build a recommendation
system. In that case, the left-hand side of a rule is a
recommendation made to the user. Depending on the use case,
the rule and the recommendation can take many different forms.
For instance, if the ontology is used during an interview about
ACEs with a child patient, the rule could be “If the patient's
parents are separated or divorced, ask if they arefeeling loved.”
These rules are particularly important in the context of ACEs
detection due to the sensitive information (eg, mental illness,
handicap, and crimina activity) that needs to be approached
carefully.

Another key contribution of this kind of rule is to manage and
allocate resources. For example, “If the patient suffers from

inflicted_physical_harm_that_resulted_in_injuries_to.

Brenaset al

emotional neglect, schedule an appointment with a child
psychologist” (see Figure 8). Initially, these rules reflect a
common sense reaction, but asthe knowledge grows, new rules
reflecting new findings can be added manually or procedurally.

By definition, rulesaretheresult of causal reasoning (ie, if there
isamatch for the left-hand side, effect the right-hand side) and
it isthus natural to connect the rules to causal diagrams. In the
current state of this project, the rules are generated from
common knowledge and currently established standard
procedures and diagnostic processes. We employ causal
diagrams [25], built from agreed-upon causality relationships
that can be used to generate rules. As the goa of our
recommender system is to go beyond what is currently known
and practiced, we will use a combination of semantic and
statistical inference models to infer the causal paths from the
dataand its use.

Person

AN

has parent

<———targets

Physical harm

ip htril

/

Figure 7. A SPARQL Protocol and Resource Description Framework (RDF) Query Language (SPARQL) query that could be the left-hand side of a

ASK {
?child has_id x;

}

has_parent 7parent.
7parent i_p_h_t_r_i_i 7physical_harm.
?physical_harm targets 7child.

Figure 8. A recommendation rule that schedules an appointment with a psychologist if a patient suffers from emotional abuse (Em_ADb).

suf fers_from

Em_Ab

| schedule psychologist appointment
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Applications

We present three different use-case scenarios for the ACEs
Ontol ogy to showcase the role and significance of the ontology
to improving ACES monitoring, detection, prevention, and
management.

Use Case 1: Clinical Setting

The first use case takes place inside a clinic where a nurse
practitioner is interviewing a child patient and her parent. The
parent gives personal identification data (ie, name, age, sex, and
address) as well as a description of any potential symptoms.
Thisinformation will belinked to other information that already
exists about this patient in the electronic medical record. From
the address, using adifferent data source that gathers data about
social determinants of health, the ACEs Ontology helpsto infer
the patient's social economic status (eg, patient's accessto public
transportation, the neighborhood's safety and poverty rate, and
residential proximity to schools and daycares). The medical
practitioner can then use the collected information, as well as
theinferred knowledge, to diagnose theillnesses or make anew
hypothesis and continue to further investigate the case.
Additionally, during the interview, the health practitioner will
be able to ask questions relating to ACEs, for example, by
dowly introducing household challenges (eg, “Are the parents
divorced or separated?” or “Is a household member
incarcerated?’).

Depending on the answers, using the semantic links in the
ontology, the medical practitioner will be able to ask more
questions, recommended by the knowledge-based system, to
reveal important clues and signs for detection of ACEs. The
ontology is used both to allow access to different data sources

Brenaset al

that share important information and to foster reasoning that
will facilitate the knowledge exchange between actors. In this
scenario, the goal is mostly to increase the information and
knowledge about the patient. Once the data is collected,
however, it can be used to formulate a diagnosis. For instance,
the ontology can be used to answer the question “Given that
the patient has symptoms S,..., S, and an ACEs score of 4,
which are the likely negative health outcomes to screen them
for?”). Anequivalent query in SPARQL Protocol and Resource
Description Framework (RDF) Query Language (SPARQL)
[26], a standard knowledge-based query language, is shownin
Figure 9.

Use Case 2: Public Health Policy Making

Policy makers and public health organizations can use the
SPACES framework for knowledge-based population health
surveillance [27] and to identify the causality pathway for the
ACEs (eg, physical abuse of spouses and children) and design
and implement interventionsfor remediating them. The semantic
framework assists public health planners to compare different
communities and programs with each other and finds the
intervention (eg, reducing opioid addiction) that is best suited
based on each community's needs and priorities. The ontology
is used to access, share, and exchange data with other actors,
stakeholders, and systems to allow for looking at the problem
from various angles and with different granularitiesto formul ate
optimal responses. The ontology can then be used to answer
questions such as “Given that resources ry,..., I, are available,
which intervention is most likely to reduce the prevalence of
ACE a?’ which can be expressed as the SPARQL query shown
in Figure 10.

Figure9. A SPARQL Protocol and Resource Description Framework (RDF) Query Language (SPARQL) query used to discover which negative health
outcomes to screen a patient for. nho: negative health outcome; ACEs: Adverse Childhood Experiences.

SELECT 7?nho\_name
WHERE {

?7nho a negative_health_outcome;
has_symptom ?7s_0;

has_symptom 7s_n.
7aces_score a aces_score_4;
increases_risk 7?nho.
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Figure 10. A SPARQL Protocol and Resource Description Framework (RDF) Query Language (SPARQL) query used to select an appropriate

intervention.

SELECT 7name
WHERE {

FILTER(similarity(?q_0,r_O,.
} ORDER BY 7e

7?7intervention has_name 7name;
has_ressource 7q_0O;

has_ressource 7q_n;
has_effect\_on\_a 7e.

. oy

7q_n,r_mn))

Use Case 3: Risk Stratification

Another key use of the SPACES framework is in detecting
potential problematic areasin order to intervene. Asan example,
because inflicting abuse is a crimina activity, collecting
information on ACEs from the parents can yield less-reliable
data than data about neighborhood conditions. It is thus easier
to query the data about SDH that are prevalent in the
neighborhood in which the patient is living and, thus, which
ACEsarethemost likely to be arisk. A typical semantic query
for such cases can be formulated as “Given that the social
determinants of health S,,..., S, have been observed in the area,
what are the ACEs to screen for?” Similarly, negative health
outcomes are easier to track because they often result in hospital
visits or medical interventions. The question “Given that the
social determinants of health S,,,..., S, have been observed, and
that the negative health outcomes O,,..., O, have been frequent

in the area, what are the ACEs to screen for?’

Discussion

In this paper, we introduced an ontology for improving the
surveillance of ACEs. The goal of the ontology isto provide a
uniform structure to represent current and future studies on the
causes and effects of, and ways to prevent and mitigate, ACEs.
The benefits of using ontologies and semantic technologies have
already been shown in several biomedical domains ranging
fromclinical surveillance[28] to global health surveillance[29].
After describing the architecture of the ontology and discussing
the theoretical and engineering aspects involved, we presented
multiple applications of the ontology to show how it could
contribute to improving the surveillance of ACEs. The ontology
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SNOMED CT: Systematized Nomenclature of Medicine—Clinical Terms
SPACES: Semantic Platform for Adverse Childhood Experiences Surveillance
SPARQL : SPARQL Protocol and RDF Query Language
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