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Abstract

Background: Despite increasing evidence of the effectiveness of digital learning solutions in higher vocational education,
including the training of allied health professionals, the impact of Web-based training on the development of practical skillsin
psychiatry and psychology, in general, and in suicide prevention, specifically, remains largely understudied.

Objective: This study aimed to determine the effectiveness of an electronic learning (e-learning) module on the adherence to
suicide prevention guidelines, knowledge of practical skills, and provider's confidence to have a conversation about suicidal
behavior with undergraduate psychology students.

Methods: The e-learning module, comprising video recordings of therapist-patient interactions, was designed with the aim of
transferring knowledge about suicide prevention guideline recommendations. The program’s effects on guideline adherence,
self-evaluated knowledge, and provider’s confidence were assessed using online questionnaires before the program (baseline and
at 1 month[T1] and 3 months after baseline). The dligiblethird- and fourth-year undergraduate psychology studentswere randomly
allocated to the e-learning (n=211) or to awaitlist control condition (n=187), with access to the intervention after T1.

Results: Overal, the students evaluated e-learning in a fairly positive manner. The intention-to-treat analysis showed that the
students in the intervention condition (n=211) reported higher levels of self-evaluated knowledge, provider’'s confidence, and
guideline adherence than those in the waitlist control condition (n=187) after receiving the e-learning module (all P values<.001).
When comparing the scores at the 1- and 3-month follow-up, after both groups had received access to the e-learning module, the
completers-only analysis showed that the levels of knowledge, guideline adherence, and confidence remained constant (all P
values>.05) within the intervention group, whereas a significant improvement was observed in the waitlist control group (all P
values<.05).

Conclusions. An e-learning intervention on suicide prevention could be an effective first step toward improved knowledge of
clinical skills. The learning outcomes of a stand-alone module were found to be similar to those of atraining that combined
e-learning with a face-to-face training, with the advantages of flexibility and low costs.

(IMIR Ment Health 2020;7(1):€14623) doi:10.2196/14623
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Introduction

Background

Suicide is currently one of the most common causes of death
in the Netherlands, with rates of approximately 11 cases per
100,000 inhabitants since 2013 [1,2]. With suicide being an
obvious public health concern, health care professionals need
to direct efforts toward reducing suicide rates. However, health
professionals are not well equipped because they receive little
training that specifically prepares them to address suicidal
behavior. For example, a common misperception prevails that
asking about suicidality could evoke suicidal thoughts[3] even
though studies have shown that asking patients about suicidality
can evoke feelings of relief and openness, which in turn can
ensure timely treatment and prevent exacerbation of symptoms
[4,5]. Therefore, the clinician’s proficiency in discussing suicidal
thoughtsis crucial for estimating the risk for suicide attempts,
and so is the clinician’s confidence in exercising these specific
skills.

The advances in technology, rising costs in hedlth care, and
need for continuous education of allied health professionals
have made el ectronic learning (e-learning) apopular educational
method, specifically in skills education [6-8]. In both
undergraduate and graduate medical programs, the use of
e-learning modulesiswidespread [9-11]. It isused successfully
in several branches of medicine and speciaties, such as
dermatology and surgery [12], as these modules allow for the
teaching of concrete and measurable skills such as skin
examination. In comparison, e-learning has been applied less
frequently in thefield of psychiatry [9,11] because direct patient
contact is deemed most instructive to master interpersonal
professional skills [13]. However, the results of a systematic
review on the effectiveness of e-learning programson clinician
behavior and patient outcomes showed that e-learning programs
are aseffective astraditional learning approaches[14] and show
superior resultsin improving health care professional behavior
of nurses and nursing students when compared with no
instruction [15]. Morerecently, the results of apilot randomized
controlled trial in medical students showed that an e-learning
course was successful in enhancing mental health first-aid
intentions in medical students, suggesting the potential of the
e-learning course to improve mental health first-aid skills [16].
Furthermore, positive results in cost-effectiveness have made
e-learning a more popular tool for therapists in mental health
[17]. The University of Oxford has devel oped a Web-centered
training for enhanced cognitive behavioral therapy for eating
disorders, which successfully trained a large number of
therapists [18]; for example, of the 102 therapists who
commenced the training program, more than 80% completed
the training, and their scores increased substantially on the
validated measure of competence [17].

This Study

Suicideis known to be a complex issue that requires arange of
prevention initiatives and methods of evaluation [19]. In the
Netherlands, mental health ingtitutions are joining forces to
make e-learning for mental health care professionals (in training)
on therapeutic skillswidely available [20]. As part of aproven
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effective e-learning—supported Train-the-Trainer intervention
named Professionalsin Training to STOP (PITSTOP) suicide,
an e-learning module was developed to appropriately discuss
suicidality in aprofessional context and offered in conjunction
with face-to-face training [21-23]. Considering the positive
results of PITSTOP suicide on professionals and the benefits
of e-learning in mental health education [24,25], this study
aimed to determine the effectiveness of the singular use of the
elearning module on knowledge of suicide prevention,
provider’s confidence, and adherenceto the Dutch guidelineon
the assessment of suicidal behavior [26] in undergraduate
psychology students.

Methods

Design and Procedure

A randomized controlled trial was conducted among the third-
and fourth-year undergraduate clinical (neuro-) psychology
students of the Vrije Universiteit (VU) University in Amsterdam,
The Netherlands, who were fluent in Dutch. Students at that
particular stage in their curriculum were deemed to be eligible
to follow an e-learning module on suicidal behavior because
they would be preparing for their internship and their
professional career as a health care professional. They were
recruited via the student administration office. All participants
were informed about the study and provided online informed
consent. The study was approved by the ethical committee of
the Department of Clinical Psychology at the VU University.

Baseline (TO) questionnaires were sent to each participant.
Subsequently, participants were randomized to either the
intervention or thewaitlist control condition using the randomize
subset option in Qualtrics. In the intervention condition,
participants received both a message in Qualtrics and an email
with the link and the log-in code for the e-learning module.
Follow-up questionnaires were sent 1 and 3 months after the
baseline questionnaires (T1 and T2). The participants in the
waitlist control condition received a message via Qualtrics,
thanking them for the completion of thefirst questionnaire (TO)
and informing them about a follow-up questionnaire after 1
month. After completing the T1 follow-up, participants in the
waitlist control group also received access to the module, with
a fina follow-up at T2. All participants were blind to their
condition. Asan incentive to finish the module, all participants
could request a certificate when they finished at least two
assessments and had followed the e-learning modul efor at |east
half an hour.

Intervention

The e-learning module was originally developed to support a
face-to-facetraining called PITSTOP suicide[21]. The content
of both the face-to-face training and the e-learning module was
based on the Dutch multidisciplinary guideline on the
assessment and treatment of suicidal behavior [26]. The core
of the modul e consisted of 5 videosin which experienced nurses,
psychologists, and psychiatristsinteracted with different patients
with suicidal tendencies, played by actors, to teach the guideline
recommendations. The patients were of various ages, gender,
and diagnostic categories and displayed various prototypical
suicidal symptoms, cognitions, and interaction problems. In
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designing the video content, the dialogues were purposely
unscripted to enable more realistic scenes and to prevent the
professionals from acting. In addition, the videos included
vignettes, guideline topics, and recommendations that were
explained by experts on the topic. The psychiatrists,
psychologists, and nurses were selected from the clinical staff
of departments participating in the PITSTOP study to act asa
role model in the module. During the PITSTOP study, trainees
had personalized access to the e-learning module that could be
viewed repeatedly. The total running time of the module was
60 min.

Outcome M easures

To assess guideline adherence, studentsrated 5 video vignettes
of 30 seconds, in which experienced nurses, psychologists, and
psychiatristsinteract with suicidal characters, played by actors,
on the likelihood that they would respond with any of the 25
different interventions on a visual analog scale (ranging from
1 to 100, with 1=very unlikely and 100=very likely). The
examples of interventions are “Ask whether the patient thinks
about suicide” and “Ask how hopeless the patient is fedling.”
At TO, T1, and T2, participants rated the same vignettes. The
mean item score of the 125 items (25 items x 5 vignettes) was
used as an estimate for guideline adherence, which ranged from
0 to 100, with higher scores representing stronger guideline
adherence. Theinternal consistency of the guideline adherence
scale appeared to be excellent (Cronbach alpha=.96) in this
sample.

The knowledge of suicidal behavior was measured by the 7-item
subscale self-evaluation of knowledge on suicidal behavior of
the 14-item Question-Persuade-Refer questionnaire [27]. The
students were asked to rate the extent to which their knowledge
increased on items including “ Suicide warning signs,” “How
to ask someonewho may be suicidal,” and “ Persuading someone
to get help” on a 5-point scale from 1 (very little) to 5 (alot).
Cronbach alphawas .86, reflecting agood internal consistency.

Theprovider’s confidence was cal cul ated by summing the scores
of the 2 items “| am confident in my ability to successfully
assess suicidal patients’ and “I am confident in my ability to
successfully treat suicidal patients’ [28]. The response options
were strongly disagree, disagree, neutral, agree, and strongly
agree (ranging from 1 to 5).

For the evaluation of the e-learning module, participants were
asked regarding the extent to which they agreed with the
following statements (range 1-10), rating from totally disagree
to totally agree: “I learned a lot about prevention of suicide,”
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“Themoduleisagood preparation for my internship/future/job
as psychologist,” “I would recommend the module to my
colleagues and fellow students,” “I feel confident dealing with
people with suicidal thoughts,” and “1 appreciate the e-learning
module.” The mean score of the 5 items was used to express
the evaluation of the e-learning.

Sample Size

To calculate the sample size, we used the effect size (Cohen d)
of data from the PITSTOP suicide study on provider's
confidence. The effect sizein PITSTOP suicide study was 0.5.
To be able to detect this effect size, assuming an apha of .05
and the statistical power of 1-beta=.80, we set the total number
of participantsto beincluded to 128. To allow for attrition, more
than 128 participants were included.

Analysis

Baseline characteristics were compared between groups using
independent samplet testsand chi-squaretests. A missing values
analysiswas conducted to assessthe patterns of missing values.
Data were imputed using multiple imputation with 10
imputations and 100 iterations, using the mice-package [29].
To assess the effect of the module on the levels of guideline
adherence, self-evaluation of knowledge, and provider's
confidence, we performed linear regression analyseswith scores
at T1 as outcome, scores at baseline as covariate, and condition
as between-subjects variable.

To assess the follow-up effect of the module (ie, when both
conditions had received the module), we performed paired
samplet tests between T1 and T2 separately for each condition
on the completers-only data as a sensitivity analysis. All
analyseswere performed with SPSS Statistics 25.0 (IBM Corp,
Armonk, New York, 2019) and R version 3.5.0 (R Core Team,
Vienna, Austria, 2018).

Results

Sample Characteristics

TO were filled in by 398 participants, from which 211 were
randomized to the intervention group and 187 to the waitlist
control group. Participants in the intervention group reported
higher levels of self-evaluated knowledge (tzgs=2.1; P=.03),
and in the waitlist control group, more participants had already
completed their practical clinical internship (x2; 355=4.5; P=.04).
No difference regarding other baseline characteristics was noted
in the groups (see Table 1).
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Table 1. Group differences at baseline and at 1 month and 3 months after baseline on characteristics and outcome measures (N=398).

Characteristics Intervention group (n=211) Waitlist control group (n=187) P value
Female gender, n (%) 180 (85.3) 156 (83.4) 68
Age (years), mean (SD) 22.1(4.0) 22.1(3.0) .99
Completed internship, yes, n (%) 58 (27.5) 70 (37.4) 042
T0P Guideline adherence, mean (SD) 574(11.5) 58.9 (11.4) 19
T1° Guideline adherence, mean (SD) 62.1(15.6) 59.8(14.7) <.0012
T24 Guideline adherence, mean (SD) 62.0(134) 63.7 (10.0) A7

TO Self-evaluation of knowledge, mean (SD) 17.3(4.6) 16.3 (4.6) 032
T1 Self-evaluation of knowledge, mean (SD) 22.3(4.6) 16.4 (5.5) <.0012
T2 Self-evaluation of knowledge, mean (SD) 22.9(3.6) 22.1(3.9) .26

TO Provider's confidence, mean (SD) 5.1(1.8) 5.0(1.7) .61

T1 Provider's confidence, mean (SD) 6.5(1.7) 4.6(1.9) <.0012
T2 Provider's confidence, mean (SD) 6.5(1.5) 6.0 (1.7) .23

3P values<.05 were considered significant.
bT0: basdline.

®T1: 1 month after baseline.

472: 3 months after baseline.

Dropout and Missing Data

Figure 1 shows the flow of students through the trial. Of the
211 intervention group participants, 141 (66.8%) completed the
T1follow-up, and 59 (28%) completed the T2 follow-up. Inthe
waitlist control group (n=187), 113 participants (60.5%)
completed the T1 follow-up. After T1, the participants in the
waitlist control condition were offered theintervention, of which
46 (25%) used the e-learning and completed the T2 follow-up.

Dropout rates at T1 in the intervention condition were higher
than thosein the waitlist control condition and were comparable

http://mental .jmir.org/2020/1/e14623/
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in both conditionsat T2. Valuesat T1 and T2 were not missing
at random according to the Little's missing completely at
random test (x?,,=22.8; P=.02). Baseline characteristics were

used to predict missing values at follow-up. Completers were
younger than noncompleters at T1 (t15=—2.4; P=.02) and T2

(tz30=2.2; P=.026). Completers showed higher levels of
provider's confidence than noncompleters at T1 (tz0;=2.2;

P=.03). For all other baseline characteristics, noncompleters
did not differ from completers (all P values>.05).
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Figure 1. Flow of studentsthrough the trial. TO: baseline; T1: 1 month after baseline; T2: 3 months after baseline.

Assessed for eligibility (n=657)

# Declined to participate (n=259)

Randomized (n=398)

¥
¥ [ Allocation and ) .
Allocated to intervention (n=211) L Baseline (TD) J Allocated to waitlist control condition
| | {n=187)
v [ Follow-up (T1) ] v
-
o Responded to follow-up questionnaire 8 Responded to follow-up questionnaire
(n=141) (n=113)
o Did not respond to follow-up ° Did not r“.p““d to follow up
questionnaire (n=70) questionnaire (0=73)
Analysed n=211 Analysed n=187

|

¥ [
L

Follow-up (T2)

Responded to follow-up questionnaire
(n=549)

Did not respond to follow-up questionnaire

(n=82)

Imputed Data: Effect of Module on Guideline
Adherence, Confidence, and Knowledge

After receiving the e-module (T1), participants in the
intervention group reported higher levels of self-evaluated
knowledge (beta=5.3; SE=0.43; d=1.6), guideline adherence
(beta=3.5; SE=1.0; d=0.15), and provider's confidence
(beta=1.7; SE=0.17; d=1.1) than those in the waitlist control
group. Baselinelevels of knowledge, confidence, and guideline
adherence wereincluded as covariatesin the regression analyses.

Completer Analysis

When completers-only data (intervention group: n=141 and
waitlist control group: n=113) was used at T1, the intervention
group scored higher on guideline adherence (beta=3.5; 95% Cl
1.7-5.8; d=0.5), knowledge (beta=5.3; 95% CI 4.5-6.1; d=1.4),
and confidence (beta=1.7; 95% Cl 1.3-2.0; d=1.1) than the
waitlist control group. Provider's confidence in dealing with
suicidal behavior (t40=9.9; P<.001), guideline adherence
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Received e-learning (n=113)
| ;
S

Responded to follow-up questionnaire
(n=46)

Did not respond to follow-up questionnaire
(n=68)

(t140=6.19; P<.001), and self-reported knowledge (t;,,=15.42;
P<.001) significantly increased in the participants in the
intervention group after completion of the e-learning module.

Comparison of the scores at T1 and T2 follow-up that were
made using completers-only data showed that levels of
knowledge, guideline adherence, and confidence within the
intervention group stayed constant (all P values>.05), and the
levels of the outcome variables, such as knowledge (t4s=7.6;
P<.001), guideline adherence (t45=2.5; P<.018), and provider’'s
confidence (t,5=2.5; P=.002), within the waitlist control group
improved significantly after receiving the e-learning module.

Evaluation of the Module by Completers

Participants who completed the intervention (N=102) filled in
the evaluation questionnaires at T2, indicating the extent to
which they agreed with the statements eval uating the e-learning
module. The results show evaluation scores ranging from 6.2
for the statement “I feel confident dealing with people with
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suicidal thoughts’ (SD 1.9) to 7.5 for the statement “| appreciate
the e-learning module” (SD 1.5). In addition, the participants
rated the other statementsin a moderately positive manner, for
example, “1 learned a lot about prevention of suicide” (mean
6.8, SD 1.4), “The module is a good preparation for my
internship/future/job as psychologist” (mean 6.9, SD 1.4), and
“1 would recommend the module to my colleagues and fellow
students’ (mean 7.1, SD 1.5).

Discussion

Principal Findings

Thisstudy aimed to test the effectiveness of asuicide e-learning
modulein undergraduate studentswith respect to the knowledge
of suicide prevention, provider's confidence to have adialogue
about suicide, and adherence to the national guidelines on the
assessment of suicidal behavior [26]. One month after
completing the elearning module, the students in the
intervention condition reported feeling more confident and
knowledgesble compared with thosein the waitlist control group
who did not have access to the e-learning module. Compl eters
in the intervention condition demonstrated better guideline
adherence, knowledge, and provider’s confidence than waitlist
controls. The learning effects of the e-learning module were
maintained at the 3-month follow-up. These results were
replicated in participants in the waitlist control condition who
completed the e-learning module after T1. The results were
comparable with the improvement in provider's confidence,
guideline adherence, and self-reported knowledge in mental
health care professionals who received both e-learning and
face-to-face training [22,24]. These findings are surprising as
well as encouraging because we expected smaller effect sizes
in students compared with professionals owing to the intense
1-day face-to-face training that accompanied the e-learning for
the professionals [23]. Owing to less clinical experience, the
baseline skills and knowledge level of studentswerelower than
that of the professionals and may have provided more room for
improvement. Hence, the effects of additional face-to-face
training in this group of undergraduate students above those of
the e-learning module are worth investigating.

Furthermore, the results were also comparable with those of a
study evaluating an e-learning module on suicide prevention in
mental health providersin the United States [30]. In this study,
the effects of e-learning were similar to that of an in-person
training on suicide prevention. The effect sizes of guideline
adherence were considered small; however, in this study,
approximately 10% change in guideline adherence, provider's
confidence, and knowledge wasfound, which isconsistent with
other studies in general medicine and psychiatry on the effect
of educative interventions that show an average of 10%
improvement [31,32].

Strengthsand Limitations

The randomized controlled design with follow-up israreinthis
field of research and can be considered a strength in this study
[33]. However, dropout rate in our study, although comparable
with a previous study among students [16] and yet still higher
than in a study involving professionals [22], was a significant
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limitation and may represent diminished student satisfaction
regarding e-learning [34]. In addition, differential dropout
occurred across conditions, possibly because of motivational
reasons. Furthermore, the evaluations of guideline adherence,
confidence, and knowledge were self-reported, which are subject
to the effects of social desirability and demand characteristics,
although fairly reliable [35,36]. To get a more objective
outcome, one could use role-plays in which a participant
interacts with a patient with suicidal tendencies; however, this
is much more time consuming. Although this study showed the
effectiveness of e-learning in a waitlist control design, its
relative effectiveness to alternative research-validated suicide
prevention training programs [37] remains unclear and worth
studying, especially considering the potential cost- and
resource-efficiency of e-learning. Finally, it remainsimportant
to question how well the results obtained in a volunteer student
sample generalize to working professional s required to take the
course. However, as mentioned previously, similar resultswere
found for mental health professionalsin our previous study [23],
indicating promising generalizability for the workforce.

Implications and Future Research

E-learning modules, as the one used in this study, may be a
beneficial, accessible way to provide training in suicide
prevention skills to both students and professionals [38]. We
proposeto use e-learning modulesin training suicide prevention
skills in a wide range of higher education disciplines, such as
curriculain nursing, social work, psychology, and psychiatry,
to improve the knowledge and skills of clinicians-in-training
regarding suicide prevention on agreater scale and consequently
improvethe care of patientswith suicida thoughts. To evaluate
the transfer of knowledge and skills, and competencies of the
clinicians (in training) to deal with clients' suicidal behavior
and subsequently reduce suicidality rates, future studies should
include (objective) measuresfor clinician behavior. In addition,
careful logging of content exposure and participant adherence
to the programisadvised for future studiesto eval uate the extent
to which the effects are attributable to the actual intervention
as well as to evaluate the acceptability and feasibility of the
intervention for future implementation. Because evidence of
the cost-effectiveness of Web-based education in students is
still lacking [14], future studies on the benefits of e-learning
should consider (thereduction in) costs of personnel, education,
and implementation to evaluate the cost-effectiveness. This
study, with a randomized design and a feasible sample size of
undergraduate students, provides first evidence of the positive
effects of acquainting students on alarge scale with the suicide
prevention guidelines by means of an e-learning module. An
e-learning module on the prevention of suicide could be an
effective first step toward the improvement of clinical skill
knowledge[39]. Thelearning outcomes of astand-al one module
were found to be similar to those of a training that combined
e-learning with a face-to-face training, with the advantages of
flexibility and low costs [15,30]. Furthermore, the students
found the effects of the module to be reasonably positive; they
believed that it prepared them well for their internship or job,
and they were willing to recommend the module to colleagues
and fellow students.
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Abstract

Background: Depression carries significant financial, medical, and emotional burden on modern society. Various proof-of-concept
studies have highlighted how apps can link dynamic mental health status changes to fluctuations in smartphone usage in adult
patients with major depressive disorder (MDD). However, the use of such apps to monitor adolescents remains a challenge.

Objective:  This study aimed to investigate whether smartphone apps are useful in evaluating and monitoring depression
symptoms in a clinically depressed adolescent population compared with the following gold-standard clinical psychometric
instruments: Patient Health Questionnaire (PHQ-9), Hamilton Rating Scale for Depression (HAM-D), and Hamilton Anxiety
Rating Scale (HAM-A).

Methods: We recruited 13 families with adolescent patients diagnosed with MDD with or without comorbid anxiety disorder.
Over an 8-week period, daily self-reported moods and smartphone sensor data were collected by using the Smartphone- and
OnLine usage-based eValuation for Depression (SOLV D) app. The evaluations from teens' parents were also collected. Baseline
depression and anxiety symptoms were measured biweekly using PHQ-9, HAM-D, and HAM-A.

Results: We observed asignificant correlation between the self-eval uated mood averaged over a2-week period and the biweekly
psychometric scores from PHQ-9, HAM-D, and HAM-A (0.45<|r|<0.63; P=.009, P=.01, and P=.003, respectively). The daily
steps taken, SM S frequency, and average call duration were also highly correlated with clinical scores (0.44<|r|<0.72; al P<.05).
By combining self-evaluations and smartphone sensor data of the teens, we could predict the PHQ-9 score with an accuracy of
88% (23.77/27). When adding the evaluations from the teens' parents, the prediction accuracy was further increased to 90%
(24.35/27).

Conclusions: Smartphone apps such as SOLV D represent a useful way to monitor depressive symptomsin clinically depressed
adolescents, and these apps correlate well with current gold-standard psychometric instruments. Thisis afirst study of its kind
that was conducted on the adolescent popul ation, and it included inputs from both teens and their parents as observers. Theresults
are preliminary because of the small sample size, and we plan to expand the study to alarger population.

(JMIR Ment Health 2020;7(1):€14045) doi:10.2196/14045

KEYWORDS

SOLVD-Teen and SOLV D-Parent App; adolescent depression; smartphone monitoring; self-evaluation; parental input; sensory
data
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Introduction

Background

Depression hasaglobal lifetime prevalence of 28.8% and carries
significant financial, medical, and emotional burden on modern
society [1,2]. The World Health Organi zation (WHO) estimates
that depression alone accounts for 4.3% of the global burden
of disease and isthelargest single cause of disability worldwide
(according to the WHO Action Plan 2013-2020 [3]). However,
a key challenge in the care of persons with depression is that
thereisoften no quantified information about the psychol ogical
status of the individual between sporadic clinical psychometric
evauations every few months. Thus, the dynamic changes in
an individual’s mental health status remain invisible to health
care systems.

Several proof-of-concept studies have highlighted activity
changes captured by smartphone sensors, and the usage patterns
are associated with depressive symptomsin adult patients with
major depressive disorder (MDD) [4,5]. Higher degrees of
depression are linked to reduced contact with one's socia
network, shorter text messages, reduced duration of calls, and
less variability in geospatial activity [6-9]. The same
observations were reproduced in younger adults (aged 19-30
years) [ 10], showing that changesin daily stresslevelsin young
adults aged 19 to 30 years were associated with changes in
geospatia activity, sleep duration (obtained by proxy from
phone sensors), and sensor-derived speech duration. A pioneer
study was conducted by co-designed smartphone appsto monitor
mood symptoms for the youth with major depression, suicidal
ideation, and self-harm [11]. However, to date, studies on
smartphone-based depression monitoring are still limited in the
context of teenagers.

Objective and Results

In this paper, we report the results from a Smartphone- and
OnLine usage-based eValuation for Depression (SOLVD)-Teen
trial with the am to quantify the use of smartphones in
monitoring depression in a clinically depressed adolescent
population. We had two main hypotheses. First, we hypothesized
that a combination of smartphone sensors’ usage and patient
self-reports of daily mood can be predictive of depressive states
when compared with standard clinical psychometric instruments
such as Patient Health Questionnaire-9 (PHQ-9), Hamilton
Rating Scale for Depression (HAM-D), and Hamilton Anxiety
Rating Scale (HAM-A). Second, parental reports about the
teen’s mood can serve as an important dimension in tracking
and predicting the teen’s depressive status as the parents are
ofteninvolved in the care of their teen and hence can potentially
serve as a human sensor of their teen’s mood.

We found an affirmative answer to both our hypotheses.
Specifically, our key findings are as follows. First, smartphone
sensors (GPS and step count) provide coarse information about
user mobility, and smartphone usage (phone calls and text
messages) provides coarse information about communication
patterns. When the above information is combined with daily
user self-reports on mood, it can be used to accurately predict
future psychometric scores; the details are presented in the
Results section. Second, parental reports about a teen’s mood
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are correl ated with the teen’ sbaseline psychometric scores, and
thus, they provide anew dimension for tracking ateen’s mental
status. Thisisan important finding, especially when theteenis
not compliant to recording their mood status, and it could
provide anew dimension in clinical care by recruiting parents.
Third, if we combine parental reportswith theteen’s smartphone
sensor and usage data, then PHQ-9 can be predicted even more
accurately. Thus, parental data provide new useful information
and make the predictors more accurate. It should be noted that
none of our methods rely on the content of messages or calls
but only aggregated statistics, for example, frequencies and
durations.

Related Work

Although our results are a promising step toward developing
new tools and methods for managing adol escent conditions, the
usage of appsto monitor adolescentsremainsachallenge. Even
though teenagers have high rates of smartphone use, they also
represent a vulnerable population with a high degree of
impulsivity and frequent reports of suicidal ideation; these
factors may actualy lead to exclusion of more than half
depressed teenagersfrom traditional pharmaceutical trials[12].
Inanationally representative sample of adolescentsin the United
States, about 22% of teenagers had a menta illness with
significant distress, and 40% of those meeting the criteria for
one disorder also met the criteriafor another class of disorders
(eg, anxiety and mood) [1]. Furthermore, teenage years represent
the time when many mental disorders start; therefore, alack of
diagnostic clarity is noted in many clinical cases. The onset of
anxiety and depression with some mood lability may indicate
bipolar disorder [13], and there is a very high comorbidity
between anxiety and depressive symptoms in childhood,
adolescent, and early adulthood phases [14]. The diaghostic
dilemmas of adolescent psychiatry also include the question of
whether suicidal ideation due to antidepressant use is a result
of subsyndromal undiagnosed bipolar disorder [15].

It should be noted that the treatment of anxiety and depression
in adolescentsis crucial to ensure healthy life trgjectories. In a
meta-analysis of studies encompassing more than 762,000
patients, the presence of a childhood or an adolescent mental
health disorder significantly increased the odds of alcohol and
substance use disorders later in life [16]. The Finnish Health
2011 longitudinal study [17] also shows that young adults with
mental health disorders, especially those diagnosed before
adulthood, have poorer quality of life and need more support
to achieve academic goals.

To date, several apps are available for download, but they have
not undergone rigorous research or clinical evaluations [18].
Grist et a [19], in asurvey of 775 adolescent girls, found that
the use of mental health apps occurred infrequently, no more
than 15%, reinforcing that although adolescents are avid
technology users, directed use for mental health improvement
has not been tested or widely publicized. Thus, it isimportant
to find ways that do not require constant user engagement.
Toward that end, the SOLV D-Teen approach of passive logging
of sensors and usage from teens' phones and active input from
parents could provide a new way of leveraging smartphones,
especialy passive sensor data.
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Methods

Smartphone- and OnL ine Usage-Based eValuation
for Depression App Design

We designed the SOLVD apps with the aim of converting a
smartphone to a quantitative mental health sensor. The design
goal was to have a simple user interface while collecting
context-rich sensory data automatically in the background and
protecting user privacy. Aswe are not allowed to continuously
track user location and log smartphone usage data in the
background on the Apple iOS platform, the SOLV D apps only
support Android smartphones.

The SOLV D appsthat weretargeted at the adolescent population
consisted of 2 pairing apps. the SOLVD-Teen app and the
SOLV D-Parent app. Both apps have a user-facing module that
collects users active responses to ecological momentary
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assessment (EMA) questions, and a background mobile logger
that records smartphone sensor and usage data. The user-facing
module sends out a notification daily around 8 PM to collect
users self-evaluations of their mood and anxiety level. The
users submit their responses by sliding abar, and theresultsare
converted to anumerical score between 0 and 100. Meanwhile,
the Mobile Logger continuously runs in the background and
collects sensor and usage data, including accelerometer, GPS,
steps, call log, text messages, screen on and off status, and
ambient light intensity. The dataare first stored locally and then
automatically uploaded to a remote server when the phone is
in an idle state and the Wi-Fi is connected. To protect user
privacy, we used one-way MDS5 hashing on the fly during the
data-logging stage to encrypt sensitive information such as
phone numbers and email addresses, thus guaranteeing that the
user identity is never recorded either locally or remotely. Figure
1 shows the screenshots of the SOLVD-Teen and
SOLVD-Parent apps.

Figure 1. Screenshots of the Smartphone- and OnLine usage-based eValuation for Depression (SOLV D)-Teen (left) and SOLV D-Parent (right) apps.
The user input is converted to a numerical score between 0 and 100. The frontend of the SOLVD-Parent app is modified to capture both the parents

self-evaluations and their perceived well-being of their kids.

@ soLvoTeen

Right now | feel:

Sad Happy
My day has been:

Bad Good
| am worried:

Not A lot

Submit

Study Design

The SOLVD-Teen study was an extension of the SOLVD pilot
trial [9], which established a correl ation between clinician-rated
measures, self-rated measures, and sensor-based app measures
for depressed adult patients. The SOLVD-Teen trial was
designed for adolescent patientstogether with at least one parent.
Each subject or family was required to enroll in the study for 8
weeks and use the SOLVD-Teen app to evaluate the utility of
smartphones for the evaluation and monitoring of MDD. The
study was approved by the institutional review boards (IRB) of
Baylor College of Medicine, Rice University, and HarrisHealth
Systems.

We collected 3 forms of data (1) biweekly in-clinic
psychometric scores from PHQ-9, HAM-A, and HAM-D; (2)
daily self-inputs submitted viathe SOLV D app; (3) smartphone
sensor and usage data, including GPS, steps, accel erometer, call
log, text messages, screen status, and ambient light intensity,
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by running an Android logger continuously in the background.
For the teen trial, we expanded the data collection protocol and
included the teens' parents in the study. Their parents used the
SOLVD-Parent app to submit their self-inputs and log
smartphone background data, and they also attended the
biweekly clinical assessment. Figure 2 detailsthe datacollection
protocol and the timeline for the trial.

During the initial visit, the subjects signed their informed
consent forms after an explanation of how their phone and
sensor datawould be collected, stored, and deidentified. Subjects
also completed the Mini International Neuropsychiatric
Interview (MINI) to confirm a diagnosis of MDD. Standard
clinical psychometric instruments such asPHQ-9, HAM-D, and
HAM-A were administered to ascertain baseline depression and
anxiety symptoms. Subjects were directed to download the
SOLVD-Teen or SOLVD-Parent apps on their personal
smartphones with the assistance of aresearch clinician.
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Figure 2. Study design, data collection protocol, and study timeline for the Smartphone- and OnLine usage-based eValuation for Depression
(SOLVD)-Teen trial. Both SOLV D-Teen and SOLV D-Parent apps have a user-facing module and a background mobile logger. Each subject enrolled

in the study for 8 weeks.
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For the following weeks, all subjects utilized their personal
smartphones to run the SOLVD apps and received standard
outpatient treatment as usual over the 8-week duration of the
study. During this period, patients were also evaluated biweekly
by a research clinician to assess for depression and anxiety
symptoms using the HAM-D, HAM-A, and PHQ-9 scales. The
clinician was blinded to the smartphone data. The patientswere
compensated for each of these 4 visits.

Recruitment

The subjectsfor the SOLVD-Teen trial were recruited from the
outpatient psychiatry clinic at Ben Taub Hospital, Harris Health
System, in Houston, Texas, between December 2016 and
February 2017. The subjects were recruited from an intensive
therapy program, AIM, an 8-week intensiveindividual and group
therapy with the patients with depression and their parents. The
inclusion criteriaincluded both English- and Spanish-speaking
adolescent patients aged 12 to 17 years of both genders with
thediagnosisof MDD as confirmed by the MINI. Theexclusion
criteriaincluded patients with substance use, bipolar disorder,
severe conduct disorder, and autism spectrum disorders. All
patients were receiving pharmacological treatment at the time
of the study, and no medication regimen changes were made
through the duration. The study was approved by the IRB of
Rice University (IRB number FY 2017-241) and Baylor College
of Medicine (IRB number H-36157).

Feature Extraction and Statistical Analysis

The sensor data generated by the SOLVD apps varied in
sampling rate and duty cycle. To correlate with the biweekly
psychometric scores, we extracted various features on a daily
basis, which were related to mobility, socia interactions, and
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daily living context. The details for each sensor type and the
extracted features are explained below.

Mobility

To understand the association between depressive symptoms
and the mobility of the subjects, we had configured the
SOLVD-Teen app to track both the step count and the GPS
location of its user. Then, we extracted multiple features
(essentialy, statistical summarizations of the data) to capture
the activity level and daily trgjectory of the subjects. The details
are listed below.

Step Counter

When each step was detected by the step counter, we recorded
the timestamp associated with that step. Then, we computed
the total number of steps during nighttime (11 PM-7 AM) and
daytime (7 AM-11 PM) per day.

GPS Location

We logged each GPS data point when the displacement from
the last point islarger than 5 m or when the time elapsed from
the last point is longer than 5 s. For the data points collected,
first, we estimated the moving speed at each location and
determined whether each data point belonged to a stationary
state (speed<0.2 m/s) or transition state (speed=1 m/s). Then
for data pointsin stationary states, we used K-means clustering
to group al data points into location clusters. The K-means
clustering identifiesthe points around which different data points
are clustered, allowing for summarization of the whole data by
fewer key points. Aswe had no prior information regarding the
frequently visited places, we started with 1 cluster and gradually
increased the number of clusters until all pointsfell within 500
m from a cluster center. Next, for data points in transitional
states, we categorized the transportation modesinto automobile
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(7-45 m/s), walking (1-2 m/s), and unknown based on the
moving speed. Finally, we extracted thetotal distance, transition
time, location variance, number of frequently visited places,
normalized entropy, and home stay for each subject on a daily
basis [20-22]. The speed thresholds are manually chosen, and
the definition for each featureis listed below:

1 Total distance, which is defined as the total distance in
kilometerstraveled by a participant per day, was computed
by accumul ating the geodesi ¢ distance between 2 individual
points using the Vincenty formula[23,24].

2. Transition time, which is defined as the duration of each
transportation mode (automobile, walking, and unknown)
categorized by the moving speed.

3. Location variance, whichisdefined asthe logarithm of sum
of the statistical variances of the longitude and latitude for
each stationary point, as in Equation (1) in Figure 3. It
measures the variability in each subject’s GPS location per
day. A higher location varianceisrelated to higher mobility.

4. Number of frequently visited places per day, which is
defined as the number of frequently visited placesfor each
day, out of all the frequently visited places identified by
the K-means algorithm over the entire study period.

5. Normalized entropy is defined in Equation (2) in Figure 3,
where i=1..., N represented a frequently visited place out
of the N clusters, and was the percentage of time that the
participant spent at place i. It measures the uniformity of
thetime the participant spent at the frequently visited places
each day. The higher the entropy, the more uniformly the
participant spent time across different places. Conversely,
lower entropy indicates morefraction of thetimein afewer
places out of the N clusters.

Figure 3. Definition and equations of location variance and normalized
entropy.

Location variance = 10g(0Zirude + Oongitude )s
O pituae = T4 (latitude; — latitude;_,)?,

Oppmgituze = Liei(longitide; — longitude;_,)* (1)

Normalized entropy = — YL, p;logp; /logN )

Social | nteractions

To study how social interactions are associated with depressive
symptoms, we logged the phone calls and text messages of the
subjects. Then, we computed different features based on the
aggregated statisticsto quantify phone-based socid interactions,
specifically, asfollows:

Call Log

For each phone call, we logged its timestamp, phone number,
type (incoming, outgoing, and missing), and duration. The phone
number was encrypted using one-way M D5 hashing to protect
user privacy. For each user, we cal culated the number of unique
phone call partners per day. We also extracted his or her top-10
most frequent contacts during the study period and computed
thetotal number of phone calls, total call duration, and average
call duration with the frequent contacts on a daily basis.
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SMS Log

For each text message, we logged itstimestamp, phone number
(one-way MD5 hashed), type (incoming or, outgoing), and
length in the number of characters. Similar to analyzing phone
calls, we also extracted the top 10 most frequent contacts during
the study period and computed the total number of text
messages, total text message length, and average text message
length with the 10 frequent contacts on adaily basis.

Daily Living Context

In addition to participant mobility and social interactions, we
were aso interested in how other daily living contexts were
related to depressive symptoms, that is, ambient light intensity
that could be an approximation for sSleep duration and
smartphone screen usage.

Light Sensor

Thelight sensor reading was|ogged every 2 min. We calculated
the average light intensity for each hour. Then, we selected an
empirical threshold T, for ambient light intensity to separatethe
scenario of sleeping with the light off from other scenarios.
Then, we computed the total number of hourswith averagelight
intensity <t, during nighttime (11 PM-7 AM) per day, which
was used as an indicator for sleep duration.

Smartphone Screen Usage

The phone screen status was sampled every 30 seconds. We
calculated the percentage of time when the screen was on for
each hour, and then computed the number of hours with screen
on percentage >Tg (we empirically selected 10%) during
nighttime (11 PM-7 AM) and daytime (7 AM-11 PM) per day.

After completing the feature extraction, we performed the
Pearson correlation analysis between each pair of aggregated
self-input data and sensor data over 2 weeks and the biweekly
psychometric scores and identified those features that were
significantly correlated with adepression state for both the adult
and the adolescent populations. For the adolescent population
with rich sensor data, we also fitted both linear and nonlinear
regressors (in particular, support vector regressor with a
polynomial kernel) to predict PHQ-9 scores based on self-inputs
and sensor data. The reason for fitting a nonlinear regressor is
that, apriori, we have no reason to believe that amore accurate
predictor of PHQ-9 is linear.

Results

Subject Demographicsand Adherence

For the SOLVD-Teen trial, we recruited 13 teens diagnosed
with MDD from Adolescents in Mation (AIM), an intensive
program for teenagers that includes multidisciplinary group
therapy with the teenagers and family sessions for the parents.
For every teenager recruited, one of their parents was recruited
with them. Theteensincluded 11 females and 2 males, with an
average age of 14.93 (SD 1.59) years. Out of the 13 subjects, 2
were excluded from further analysis as they dropped out of the
study within 2 weeks and did not attend any of the follow-up
sessions. The remaining 11 teens had an average PHQ-9 score
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of 12.72 (SD 5.97), with 8 in the normal-to-mild range (PHQ-9
<14) and 3 in the moderate-to-severe range (PHQ-9>14).

Their parentsincluded 11 women and 1 man (therewas 1 family
with 2 teens) and had an average age of 41.48 (SD 9.75) years.
In fact, 5 of the 12 parents were also diagnosed with mild
depression and 2 showed moderate-to-severe depression. A total
of 8 families completed the entire 8-week trial, and the others
enrolled in the study between 4 and 6 weeks. The averageteens
and parents' compliance to submit daily evaluations through
the SOLVD apps was 79.0% (498/630 days) and 95.7%
(603/630 days), respectively.

Relationship Between Smartphone Data and
Psychometric Scores

We used the pair-wise Pearson coefficient asan indicator of the
correlations between teens self-reports, parental inputs,
smartphone sensor data, and clinical psychometric instruments
(PHQ-9, HAM-A, and HAM-D). The smartphone sensor data
were represented by mobility, socia interaction, and living
context—related features extracted using methods in Section
Methods-Feature Extraction and Satistical Analysis. The
analysis and the correlations are shown in Figures 4-6.

Figure 4 shows the Pearson correlation coefficient between
teens self-reports, their parents' ratings, and the biweekly
psychometric scores (PHQ-9, HAM-D, and HAM-A). From
Figure 4, we observed that both teens' and parents’ ratings for
mood and anxiety level are significantly correlated with
psychometric scores, and teens self-reports have a dlightly
higher correlation than parental inputs. Therefore, daily

Caoetd

responses submitted through a customized smartphone app by
either teens or their parents can be used as a reliable approach
for monitoring depression.

Figure 5 shows the correlations between mobility and
psychometric scores, where mobility is captured by stepstaken
and daily trajectory. From the figure, we observed that subjects
with higher depression scores tend to have lower mobility, as
indicated by fewer steps taken. Patients with more severe
depression aso visit fewer places and have lower location
variance, yet they spend time more uniformly across different
places, asreflected by higher normalized entropy. Similar results
were aso reported in previous studies with depressed adult
patients, thusfurther validating our observations[25]. Although
the overal interpretation matches our understanding that
depression generally reduces mobhility, higher entropy does not
seem to have a clear interpretation, and thus it needs further
investigation.

The correlations between socia interactions, other living
context, and psychometric scores are shown in Figure 6. The
results indicate that a higher depression score is significantly
correlated with lower social interaction level, such as shorter
phone call durations and fewer text messages. Conversely, there
is no significant correlation between other living contexts, that
is, ambient light intensity, smartphone screen usage, and
psychometric scores. Thus, asexpected, communication patterns
are affected by depression severity, but our dataset did not
indicate any significant patterns regarding screen usage and
ambient light intensity, with the latter being a proxy for sleep
duration.

Figure 4. Pearson correlation coefficients between self-reports, parental inputs, and psychometric scores for the adolescent patients. On the basis of

the significance level, *P<.1, **P<.05, and ***P<.01. HAM-A: Hamilton
PHQ-9: Patient Health Questionnaire-9.
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Figure5. Pearson correlation coefficients between mobility and psychometric scores for the adolescent patients. On the basis of the significance level,
*P< 1, **P<.05, and ***P<.01. HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton Rating Scale for Depression; PHQ-9: Patient Health
Questionnaire-9.
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Figure 6. Pearson correlation coefficients between social interactions, living context, and psychometric scores for the adolescent patients. On the basis
of the significance level, *P<.1, **P<.05, and ***P<.01. HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton Rating Scale for Depression;
PHQ-9: Patient Health Questionnaire-9.
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Overall, the resultsindicate a strong correlation between daily  parental inputs) and clinician-rated psychometric scores.
smartphone-based EMA questions (ie, teens' self-reports and  Depressive symptoms assessed by clinical instruments were
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also significantly correlated with mobility level and social
interactions captured by passive smartphone sensor data
However, we did not observe significant correlations between
other daily living contexts (ie, ambient light intensity and
smartphone screen usage) and depressive symptoms.

Predicting Depression Severity Using Smartphone
Data

Wefurther fitted 2 regression model sto predict the psychometric
scores from the smartphone data, specifically alinear regressor
and a support vector regressor with a polynomial kernel. The
linear regressor fits a linear model to the data, whereas the
support vector regressor fits a nonlinear model.

To evaluate the model performance in the prediction of PHQ-9
scores, wedivided the entire dataset into training and test subsets
with aratio of 4:1. Then, we computed the root mean square
error (RMSE) of the predicted PHQ-9 scores on the test set and
experimented with different selections of feature subsets to
decide which combination gave the highest accuracy. Theresults
are shown in Table 1.
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Theresultsindicate that by using either teens’ inputs or parents’
inputs only, we can achieve similar accuracy in PHQ-9
prediction, with the RMSE being 3.38 and 3.47 (the range for
PHQ-9 is 0-27), respectively. By using the teens
self-evaluations, aswell as SMS, call, steps, and GPS data, we
could predict the PHQ-9 score with an RMSE of 3.23.
Furthermore, by adding the parents evaluations, we could
reduce the RMSE to 2.65, which is also the lowest error that
we could achieve. Conversely, if we use only smartphone sensor
and usage data, the RMSE is 2.77.

The major significance of the result is that there appears to be
significant predictability of clinical measuresfrom smartphone
data. Besides, we could achieve similar PHQ-9 prediction
accuracy by using only background sensor data, compared with
using both active self-reports and passive sensor data, thereby
reducing the efforts of manual inputs. Moreover, parents' inputs
provide comparable performance in depression monitoring as
teens' inputs. This clearly shows the potential of mobile-based
measurementsfor tracking depressive states and theimportance
of introducing someone close to the subjects (eg, their parent)
as a human sensor to provide an additional dimension of data.

Table 1. Root mean square error and variance of predicting Patient Health Questionnaire-9 scores using different subsets of features extracted from

smartphone data.
Feature subset Linear regressor Support vector regressor
RMSE2  Variance RMSE Variance
All features: both teens' and parents’ inputs, steps, GPS, SMS, call, light, and screen 9.36 -10.12 3.88 -0.91
Teens' self-inputs 3.38 -0.45 6.41 -4.21
Parents’ evaluations 347 0.15 6.30 -4.03
Both teens' and parents’ inputs 3.27 -0.36 6.03 -3.61
All sensors: steps, GPS, SMS, call, light, and screen 3.23 -0.32 5.92 -3.44
Steps, GPS, SMS, and call 277 0.01 4.77 -1.89
Teens' inputs, steps, GPS, SM'S, and call 10.78 -13.03 3.23 -0.33
Parents' inputs, steps, GPS, SM'S, and call 3.70 -0.73 3.77 -0.80
Teens' and parents' inputs, steps, GPS, SMS, and call 8.06 -7.24 2.65° 0.11°

3RMSE: root mean square error.
bp=017.

Discussion

Principal Findings

The SOLVD-Teen is a first-of-its-kind study that investigated
thefeasibility of evaluating depressive symptoms of adolescents
using smartphone sensor data, daily self-reports, and parental
inputs through a customized smartphone app.

The proposed approach worked well for teenagers who are
typicaly heavy smartphone users. Submitting the responses
through the app only took less than 15 s per day. Both the teens
and their participating parents showed a high adherence rate to
submitting daily self-evaluations. All the study participants
were comfortable with the use of the technology, and neither
the teens nor their parents perceived the app as invasive or
burdensome. Besides, the data collection of the study was
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completely through the smartphone app; hence, no additional
sensor or cost was needed. The smartphone app consumes
around 5 MB data and 13% beattery per day, which is
well-acceptable for daily monitoring.

Our study indicated that there were significant correlations
between daily self-reported moods, parents' evaluations, and
clinical psychometric scores (PHQ-9, HAM-D, and HAM-A).
Lower levels of mobility and fewer social interactions were
predictive of higher depression symptoms, which was consistent
with a decline in mobility and social communications in
individualswith depression. However, other daily living contexts
such as light intensity and smartphone screen usage were not
significantly correlated with depressive symptoms.

Our study expanded on prior studies by suggesting that
introducing other people as human sensors could further increase
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the accuracy in depression monitoring. Given thelimited sample
size, thereisno evidence showing that parents’ evaluationswere
biased by their own mental health status. The highest accuracy
in predicting PHQ-9 was 90%, which was achieved by
combining the teens and parents inputs with
SMS/call/steps/GPS data. The prediction accuracy could be
improved by adding the evaluations from parents apart from
self-inputsfrom the teens. Our study al so showed evidence that
by using only passive sensor loggings, we could achieve
comparable prediction accuracy by using both sensor loggings
and salf-inputs. Therefore, the SOLV D-Teen app could further
reduce user effort by collecting only passive data, while
maintaining a comparable depression monitoring effect.

Limitations and Future Work

The study conclusion is preliminary given the relatively small
sample size of 13 families. Study recruitment ended as the
program from which the patients were recruited shut down for
logistic reasons as the AIM program closed. In addition, 8 out
of the 13 families completed the entire 8-week trial: the program
necessitated biweekly attendance, which created aburden (time
spent at the program and transportation costs and effort), but
the treatment team noted that families tended to drop out once
their child did better, and intensive treatment was not felt to be
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as crucial. We plan to extend the study with the reopening of
the AIM program in a different location.

In college-aged students, increased ruminations were found to
relate to increasing depressive symptoms [26]. Similarly,
nonsuicidal self-injury correlateswith self-criticism and feeling
criticized by othersand usually linksto anegative affect of brief
durations [27]. Such brief moments of ruminations and
self-blame are the epitome of what smartphone apps can help
us capture and leverage into treatment opportunities. Thus, the
aim of mobile health interventions is to move the treatment of
adol escents with mood disorders from reactive to proactive and
personalized, thus paving the way to truly individualized
treatments [28].

In summary, the SOLVD-Teen study verified the feasibility of
using smartphone user inputs and background sensor loggings
to monitor adolescent patients with MDD. Its key novelty lies
in the recruitment of adolescent depression patients and the
introduction of parental evaluations as an additional source of
inputs. The study was limited by the relatively small sample
size and the constraint of using only Android phones because
of the lack of permission to access certain sensors on the iOS
platform.
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Abstract

Background: Depression is apredominant feature of many psychological problems leading to extreme behaviors and, in some
cases, suicide. Campus information systems keep detailed and reliable student behavioral data; however, whether these data can
reflect depression and we know the differences in behavior between depressive and nondepressive students are still research
problems.

Objective: The purpose of this paper isto investigate the behavioral patterns of depressed students by using multisource campus
data and exploring the link between behavioral preferences and depressive symptoms. The campus data described in this paper
include basic personal information, academic performance, poverty subsidy, consumption habit, daily routine, library behavior,
and meal habit, totaling 121 features.

Methods: To identify potentially depressive students, we developed an online questionnaire system based on a standard
psychometric instrument, the Zung Self-Rating Depression Scale (SDS). To explore the differences in behavior of depressive
and nondepressive students, the Mann-Whitney U test was applied. In order to investigate the behavioral features of different
depressive symptoms, factor analysiswas used to divide the questionnaireitemsinto different symptom groups and then correlation
analysis was employed to study the extrinsic characteristics of each depressive symptom.

Results: The correlation between these factors and the features were computed. The resultsindicated that there were 25 features
correlated with either 4 factors or SDS score. The statistical results indicated that depressive students were more likely to fail
exams, have poor meal habits, have increased night activities and decreased morning activities, and engagelessin social activities
(eg, avoiding meal times with friends). Correlation analysis showed that the somatic factor 2 (F4) was negatively correlated with
the number of library visits (r=—179, P<.001), and, compared with other factors, had the greatest impact on students’ daily
schedule, eating and socia habits. The biggest influencing factor to poor academic performance was cognitive factor F1, and its
score was found to be significantly positively correlated with fail rate (r=.185, P=.02).

Conclusions: Theresults presented in this study indicate that campus data can reflect depression and its symptoms. By collecting
alarge amount of questionnaire dataand combining machine learning algorithms, it is possible to realize an identification method
of depression and depressive symptoms based on campus data.

(JMIR Ment Health 2020;7(1):€12503) doi:10.2196/12503
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Introduction

Depression is a serious mental health issue that affects a
significant segment of the population and has become aleading
cause of disability and suicide. It is estimated that nearly 300
million people suffer from depression [1]. The best time to
addressthis health problem is before symptoms disrupt patients
daily life—for example, early warning of mood changes and
anxiety can dramatically reduce chronic psychological distress
and loss of function [2-4]. Analyses of behavior, sentiments,
and other outward signs of depression are of great importance
to the diagnosis and treatment of patients.

As students suffer from pressure stemming from financial status,
academic demand, interpersonal relationship [5], and career [6],
college campuses are among the environments hardest hit by
depression. Depression leads to poor academic performance
[7.8], drinking problems|[9], suicidal thoughts[10,11], frequent
illness[12], and dropout [13] and is prevalent in many countries
[14-19]. According to a survey reported by the US Centers for
Disease Control and Prevention in 2017, 31.5% of US students
nationwide reported feeling so sad and hopel ess almost every
day that they stopped doing some usual activities [20]. Similar
phenomena were discovered by the American College Health
Association after they studied 80,121 students from 106 schools
in 2009 [21]: 43% of the respondents reported that at |east once
within the previous school year they “felt so depressed that it
was difficult to function,” and more than 62% “felt hopeless”
Moreover, the proportion of depressive students has been
reported to have increased rapidly during recent years [6] by
many universities and associations.

The situation in Chinese collegesisfar from optimistic aswell.
In areview of 39 studies including 32,694 university students,
Lei et a [22] indicated that the overall prevalence of depression
among Chinese students was 23.8%, highlighting the urgent
need to tackle theissue.

At present, mental health services provided on college campuses
areinadeguate. Studentstaking theinitiativeto ask for help and
report their symptoms are thefirst indication for the deployment
of mental health counseling services; however, the proportion
of students who actively reported psychological problems was
only 18% [23]. A promising approach is to identify useful
clinical behavior indicators and use them to estimate the
occurrence of depression.

Behavioral models of depression suggest that decreased
response-contingent positive reinforcement for previously
rewarded behaviors is the central fact for bringing about
depression [24]. Decreased positive reinforcement may be
caused by changesin the quantitative or qualitative aspects (eg,
social, intellectual ; function: stimulation seeking, achievement)
of the reinforcing events, availability of reinforcement in the
environment (eg, social isolation, poverty), inadequate
instrumental behaviors (eg, social skill, academic ability), and/or
the result of an increased frequency of punishment [25]. The
theory impliesthe possibility that some external characteristics
may explain or lead to depression. In the case of a university
campus, datathat can reflect these characteristicsinclude basic
personal information, academic performance, poverty subsidy,
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consumption, daily routine, library use, meal habit, sport, club
activity, etc.

Depression is a common disorder that impacts an individua’s
ability to perform life activities, including those required by
academic life. The significant negative relationship between
depression and academic performance was identified by many
researchers [26,27], showing that students suffering from
moderatelevel s of depression demonstrated lower performance
compared with those with normal and mild levels of depression
[26]. Reading preference as an important factor contributing to
academic performance was also found to correlate with
depression [28].

Food and eating habits have an impact on the development of
depression, and depression can, in turn, affect the patient’s
eating routine [29]. A study on dietary habits and food intake
in adults aged 50 years and older revealed that people in the
depressed group had a poor appetite, almost never dined out,
and ate alone [29]. Vice versa, altered eating behaviors showed
elevated levels of impulsivity and depression [30].

Social relationships play a key role in depression. One typical
feature of the disorder is social isolation and social withdrawal
[31]. Another core characteristic is anhedonia—Ioss of interest
or pleasure in previously enjoyable activities [32]. Depressed
patients tend to opt out of social situations, either formally (eg,
exiting an art group) or informally (eg, being unwilling to see
friends). Moreover, for most depressed patients, their social
connections have already been significantly reduced prior to
the development of depression symptoms. Therefore, the
reduction of social connections is a key feature of depression,
and this is more prevalent than in other physical and mental
illnesses [33]. Cacioppo et al [34] found that even after
controlling for key candidate variables such as demographics,
personality, physical hedlth, stress, and many factors related to
social relationships, perceived social isolation is a good
longitudinal predictor of depressive symptoms.

Mood disorder can be considered a biorhythm disorder [35].
The symptomatology of depression implies that a biological
clock disorder may result in the occurrence of depression [35].
Thisis also why depression is associated with sleep disorders.
For example, the time between falling asleep and thefirst rapid
eye movement sleep in adepressed patient is much shorter than
that of a nondepressive person [36]. In addition to being
manifested in sleep disorders, biorhythm disorders can also
cause disordersin other physiological mechanisms. For people
with depression, the severity of mood and other symptoms also
fluctuate during the day [37]. They feel worse in the morning,
and the situation is dlightly better during the day. Other
biological rhythms, such asbody temperature and cortisol level,
also becomeirregular [36]. On the other hand, depressed persons
have their own activity preferences. By investigating a sample
of 400 undergraduate students, Sheslow et a [38] found that
nondepressive students tended to eat with others and engage
with others more often than depressive students, and they
implied that depression in the university populationiscorrel ated
with small changes in a large number of daily activities.
However, there is currently no literature on the relationship
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between depression and its symptoms and daily routine
preferences of college students.

It is worth noting that depression consists of a variety of
symptoms. In most studies that use the Zung Self-Rating
Depression Scale (SDS) for measuring levels of depression, the
total scorewas used asan indicator of the severity of depression;
however, overreliance on the total score of the SDS is
undesirable[39] and may not be ableto identify different types
of depression because various profiles of heterogeneous
symptoms are included in a single dimension of severity. For
example, the total score cannot distinguish between those who
are mainly suffering from physical symptoms and those who
are mainly affected by affective symptoms[40]. It is necessary,
therefore, to study the related influencing elements of various
symptoms of depression.

As summarized above, there are two main shortcomings of
current body of literature with regard to the subject of college
student depression. First, there is a lack of research on the
relation between college students’ depression and their behavior,
essential for a better understanding of the behavior pattern of
the affected. Second, previous studies were mainly based on
guestionnaire surveys, which may bring about the pervasive
problem of social desirahility bias[41].

Methods

Questionnaire

The SDS [42] was used as the primary tool to determine the
depression levels of college students. It isa20-item Likert-type
instrument (4-point scale) to measure depressive affect and
related symptomatology during a week by seeking responses
to questions such as “| feel downhearted and blue,” “Morning
iswhen | feel the best,” and “I have crying spells or feel like
crying.” Participants were asked to choose one of the following
responses to each of the questions: 1=rarely or none of thetime
(<1 day), 2=some or a little of the time (1-2 days),
3=occasionaly or a moderate amount of the time (3-4 days),
4=most or al of the time (5-7 days).

SDS is one of the most common screening tests used by
clinicians and psychiatrists. Participants raw scores ranged
from 20 to 80. The higher the scores, the higher the occurrence
of symptomatology. The standard point of the SDS is obtained
by multiplying the raw score by 1.25. According to the Chinese
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norm for the general public, scores of 53 to 62 are classified as
mild depression, 63 to 72 moderate depression, and 72 to 100
severe depression. SDS has an adequate item homogeneity;
Knight et al [43] reported an alpha coefficient of .79 in alarge
community sample, and Gabreys and Peters [44] reported an
alphavalue of .88 in asample of depressed patients.

In this paper, we developed an online questionnaire system and
only alowed students connected to the campus network to
participate in it. In order to control the accuracy of the
guestionnaire results, we recorded the duration of answering
and removed students who completed the form in less than 5%
of the overall time distribution and used the Beck Depression
Inventory (BDI) [45] asasupplementary questionnaireto detect
biased answers. As conclusions drawn by SDS and BDI are
strongly related to each other theoretically, we deleted very
contradictory items (eg, when the SDS showed that one student
suffered from moderate to severe depression while the BDI
indicated no depression). We also excluded participants who
never had breakfast at the college canteens because they may
be off-campus students.

Privacy Protection

We fully considered the privacy of students. First, we signed a
data confidentiality agreement with the information management
department and passed the ethical review of the University
Department of Medical and Life Sciences (No 2018Y XY 24).
Second, we indicated the purpose of the experiment, the type,
and the time period of the use of the data on the first page of
the questionnaire to | et the participants know about this study.

With respect to the feature extraction, we designed a process to
meet the regulations. We first gave the objectives and data
requirements to the institutional review board and the
information system administrator (I1SA). After that, we got the
metadata, such as field names with their meanings, data types,
etc, of related tables from I1SA. Subsequently, we provided
detailed data requirements and the core code of data
preprocessing. Furthermore, 1SA wrote other auxiliary codes
(eg, database accessing codes) and ran the whol e preprocessing
code on their own computers, and we finally got the features
which did not contain any sensitive information such as students
names and home addresses. In the whole process, we did not
access any school information systems and therefore could not
obtain any other private data. The processisillustrated in Figure
1.
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Figure 1. Dataacquisition process.
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Units of Observation

The research conducted by Kessler et a [46,47] showed that
depression episodes characterized as mild to severe have an
average duration of 13.8to 16.6 weeks, and very severe episodes
have amean duration of 23.1 weeks. The overall mean duration
is 16 weeks. As one semester (18 weeks) is a complete cycle
of student life on campus, we used data generated in the first
semester of 2017 academic year (from September 11, 2017, to
January 10, 2018) as the research subject for the study. The
guestionnaire data were collected from December 29, 2017, to
January 28, 2018, and social relationship data were generated
from November 20, 2017, to January 10, 2018.

Definition of Symptoms

In order to determine the symptom groups contained in the SDS,
Zung divided the SDSitemsinto three groups based on the overt
content of symptoms:. pervasive affect (depressive affect and
crying spells), physical equivalents (diurnal variation, sleep
disturbance, decreased appetite, decreased libido, weight loss,
congtipation, tachycardia, and fatigue), and psychological
equival ents (confusion, psychomotor retardation and agitation,

http://mental .jmir.org/2020/1/€12503/

XSL-FO

RenderX
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hopel essness, irritability, indecisiveness, persona devaluation,
emptiness, suicidal ideation, and dissatisfaction) [42]. Other
literature [40,48,49] adopted factor analysisto identify common
clusters across different types of people, but this is difficult
because the profiles of depressive symptoms vary in different
populations [48].

Although some literature proposed factor structures of college
students, their conclusions may not be suitable for Chinese
students because of the differencesin the populations. Therefore,
we redivided the SDS questionnaire into different depression
symptom groups using factor analysis. The accumulated score
of items that belonged to each symptom group was used to
represent the severity of the symptom.

Introduction to the Features

Raw Features

Most studentsin Chinese universities are now required to have
their own student cards as identification and digital wallets to
accessfacilities, make payments on campus, etc. Daily routines,
eating behavior, and consumption behavior features were
extracted by analyzing the student card events logged by the
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door control and consumption systems. Data generated on
festival and nonfestival days were analyzed separately because
students might behave differently during festivals (eg, students
tend to get up late and come back latein holidays, which results
in an irregular schedule). Features are summarized into 7
categories based on their characteristicsand arelisted in Textbox
1

Textbox 1. Feature categories, feature details, and numbers of features.

Mei et a

With respect to scholarship, thetotal amount of the award since
enrolled, the amount of award obtained in the last academic
year, and the number of scholarships won were obtained.
Students’ exam scores were divided into 5 levels according to
college tradition (excellent, good, average, pass, and fail).

Basic personal information:
o Gender ()
o Grade(1)

Academic performance:
o Scholarship (3)
o  Exam score (15)

Poverty subsidy:
«  Number of applications of poverty subsidies (1)
o Applied for poverty assistance this year (1)

Consumption:

«  Monthly consumption behavior (6)
o Weekly consumption behavior (4)
o Water intake at the dormitory (1)

Daily routine:

o Number of times returning to and leaving the dormitory (1)

«  Number of timesreturning to and leaving the dormitory every hour during nonfestivals (days that are not festival days; 37)
«  Number of times returning to and leaving the dormitory every hour during festivals (statutory holidaysin Chinaexcept for Saturday and Sunday;

32)

Library behavior:

«  Number of timesvisiting the library (1)

o  Total number of books borrowed (1)

«  Number of books borrowed in the semester (1)

Meal habit:

«  Standard deviation of time of breakfast during nonfestivals (1)
«  Averagetime for breakfast during nonfestivals (1)

o  Number of breakfasts during nonfestivals (1)

o Number of breakfasts during festivals (1)

«  Standard deviation of time of lunch during nonfestivals (1)
«  Averagetime for lunch during nonfestivals (1)

o Number of lunches during nonfestivals (1)

e Number of lunches during festivals (1)

«  Standard deviation of time of dinner during nonfestivals (1)
«  Averagetimefor dinner during nonfestivals (1)

o Number of dinners during nonfestivals (1)

o Number of dinners during festivals (1)
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Student Card-Based Social Features

An assumption was proposed that depressed students tend to
avoid meal times with their companions; if this assumption is
valid, depressed students and their friends will be significantly
less likely to use their student cards at the same time in the
cafeteria than that of nondepressed students. Social behavior
features can be defined as follows: in the equations seen in
Figures 2 and 3, 1(.) isindicator function (1[true statement]=1
and 1[fal se statement]=0), i stands for the target student whose
social features need to be calculated, and j stands for another
student. M and N are swiping times of students i and j,
respectively, and §,,, representsfor the my, time when the student
uses his/her student card at the campus canteens. T represents
the time span, which was 250 seconds in this work; R;; is the
socia frequency between student i and student j, so the larger
R; is, the more times person i and person j shared meal times
and the closer the relationship they have. sorted(.) is a sorting
function that sorts the elements of the matrix from largest to
smallest. We selected the maximum 5 values of R, as student
i's socia features, which are named as TOP,, TOP,, TOP;,
TOP,, TOP; in the following text. The effectiveness of this
feature isintroduced in the following section.

Figure2. Socia interaction frequency matrix.
Rij=Ym-1Xn-11 ((Sim —Sin) < T).i *j
Figure 3. Computational method for social behavior features.
TOP. = sorted(R;)y

Results

Mental Health Questionnaire Results

Out of 502 undergraduate students who participated in the
research, 466 students were selected as research subjects and
their detailed information is shown in Table 1.
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Of the participants, 69.5% (324/466) were boys and 30.5%
(142/466) were girls. Ages ranged from 17 to 23 years. Grades
ranged from oneto six and the majority werefirst-year students
(214/466, 45.9%). The reason there were two six-grade students
in the sampleisthat some students repeated a grade because of
various reasons (eg, receiving medical treatment).

The mean depression score of male students was 46.38, while
the females' was 49.14. The ratio of students suffering from
depression was 25.32%, with mild depression (16.31%) taking
the majority, and a small proportion of students were found
suffering from moderate (6.44%) to severe (2.58%) depression.
We used the chi-square test to determine the gender difference
in depression rate, and the results are shown in Table 2.

The Mann-Whitney U test isawidely used nonparametric test
to decide whether two groups of samples are derived from the
same population. Since most of the features in this study
deviated from the norma distribution, the nonparametric
Mann-Whitney U test was used to determine whether therewere
differences between the two groups with respect to the behavior
on campus.

Thetest indicated there were 25 features significantly different
between depressive and nondepressive groups, and the results
arelisted in Table 3.

The result showed x2=10.0 (P=.02), which indicated different
genders had different rates of depression levels. Post hoc testing
demonstrated that femal e students had a higher depression rate
than male students (oddsratio [OR] 0.54, 95% CI 0.349-0.835);
more specifically, female students had a higher risk of mild
depression (OR 0.473, 95% CI 0.286-0.783), while there was
no statistical differencein moderate and severe depression.
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Table 1. Basic information of the participants.
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Characteristics

Valuen (%)

Gender
Female 142 (30.5)
Male 324 (69.5)
Agein years
17 16 (3.4)
18 170 (36.5)
19 96 (20.6)
20 72 (15.5)
21 74 (15.9)
22 30(6.4)
23 8(L7)
Grade
First year 214 (45.9)
Sophomore 83 (17.8)
Junior 75(16.1)
Senior 82 (17.6)
Five grade 10(2.2)
Six grade 2(04)
Table 2. Mental health questionnaire results.
Gender Nondepression Depression
Mild Moderate Severe
n (%) n (%) ASR  n(%) ASR  n(%) ASR
Female 94 (66.20) 34(23.94) 30 9(6.34) -0.1 5(3.52) 0.9
Male 254 (78.40) 42 (13.00) -30 21 (6.48) 0.1 7(2.16) 09

8ASR: adjusted standardized residual.
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Table 3. Mann-Whitney U test resullts.

Mei et a

Variables Mann-Whitney U Z-score Asymptoticsignifi- Mean value of non- Mean value of
cance (2-tailed) depressive group depressive group

Number of breskfasts 17692.00 —2.25 0.025 52.77 45.81
SD of time of breakfast 16089.00 —2.91 0.004 0.70 0.77
Number of lunches 17071.50 —2.74 0.006 71.93 64.76
Number of lunches during festival® 16491.00 —3.22 0.001 4.30 323
Lunch Time 16806.00 —2.95 0.003 11.75 11.80
Dinner Time 17445.00 —2.44 0.015 17.47 17.60
Number of dinners 17661.50 —2.27 0.023 65.54 59.25
TOP ¢ 17479.00 —2.42 0.016 47.59 42.26
TOP » 17295.00 —2.56 0.010 44.48 39.36
TOP 3 17191.50 —2.64 0.008 42.97 38.13
TOP 4 17234.50 —2.61 0.009 41.97 37.27
TOP g 17304.00 —2.55 0.011 41.97 37.27
8-9R? 17690.50 231 0.046 3.26 1.94
9-10R 16063.50 -3.56 0.050 4.80 311
10-11R 17923.00 —2.09 <0.001 331 2.36
10-11 O° 17450.00 -2.46 <0.001 3.04 3.60
11-12R 18334.50 -1.99 <0.001 0.80 0.52
13-140 17771.00 —2.20 0.008 4.08 4.85
14-15 R festiva 18174.50 —2.36 0.012 0.35 0.52
19-20 R festival 17864.00 —2.34 0.014 0.69 1.03
20-21R 18010.00 —-2.00 0.018 7.90 8.89
21-22R 17352.50 —2.52 0.019 8.28 9.75
22-23R 14948.50 —4.43 0.021 6.32 9.77
23-24R 15342.00 —4.25 0.028 222 4.36
23-240 17501.50 —2.64 0.037 172 247

3Features unlabeled with festival refer to nonfestival days.
BR: return to the dormitory.
€0: leave the dormitory.

Behavioral Differences Between the Two Groups of
Students

Eating behavior was found to be different between the two
groups of students: depressive students (u=45.81) skipped
breakfasts significantly more often than nondepressive (U=52.77)
students (z=—2.25, P=.03). The same was observed for lunch
and dinner. In addition, the breakfast time of depressive students
was | ater than that of nondepressive students (z=—2.91, P=.004),
and lunch and dinner time were also later.

With regard to daily schedule preferences, the number of
depressive students entering the dorm in the morning was
significantly lessthan that of nondepressed students. In addition,
the night activity of depressed students (ie, the average number
entering or leaving the dorm between 8 pm and midnight was
significantly busier than that of nondepressive students.

http://mental .jmir.org/2020/1/€12503/

Regarding social interaction, all 5 social features of depressive
studentswere significantly lower than their counterparts. Figure
4 illustrates the distribution of social behavior features of the
two groups. The box plot indicates that the lower quartile,
average, median, upper quartile and maximum of the depressive
group are all lower than nondepressed students. It is, in turn,
reveal ed that the student card—based social relationship features
proposed in this paper can reflect students' social characteristics.

The number of poverty subsidy applications of depressive and
nondepressive students was statisticaly different (x2=4.2,
P=.04), with the application rate of poverty subsidy in the
nondepressed group 4.90% and depressed group 10.17%,
suggesting that there is a higher rate of depression among
economically disadvantaged students.
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Figure 4. Thedistribution of socia frequency of depressive and non-depressive students.
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Factor and Correlation Analyses

Correlation analysis showed that there was a high correlation
between the vast mgjority of items on the SDS, which meansit
is possible to use a few factors to summarize most of the
information contained in the original 20 entries. Principal
component factoring with promax (oblique) rotation was adopted
to evaluate the factor structure of the SDS in this study. The
Bartlett test of sphericity was significant (x2=2505.6, P<.001),
and the Kaiser-Meyer-Olkin measure of sampling adequacy
was 0.92, indicating the rationality of principal component
factoring.

Theeigenvalues of thefirst 4 principal componentswere greater
than 1, and the variations were 30.15%, 8.01%, 5.72%, and
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5.34%, respectively. The cumulative variance was 49.23%. The
rotated factor pattern matrix isgivenin Table 4.

Thefirst factor (F1) was composed of 10items:. decreased libido,
personal devaluation, psychomotor retardation, dissatisfaction,
decreased appetite, confusion, hopelessness, emptiness,
indecisiveness, suicidal ideation. The second factor (F2) was
composed of 6 items: crying spells, irritability, fatigue, sleep
disturbance, psychomotor agitation, and depressed affect. Factor
11 (F3) consisted of 3 items. constipation, weight loss,
tachycardia. Factor 1V (F4) consisted of only one item: worse
inthe morning. Unlike factor analysisresults of someliterature
[40,48,49], diurnal variation (worse in the morning) was the
only item that haslarge loading in F4. We summed up the scores
of all items belonging to each factor or symptom group as the
score or severity of the symptom.
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Table 4. Promax rotated factor pattern matrix (N=466).
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Factor and item F1 F2 F3 F4
Factor |: cognitive (F1)
Decreased libido (6) 0.731 0.263 -0.032 0.040
Personal devaluation (17) 0.681 0.029 0.044 0.312
Psychomotor retardation (12) 0.678 -0.058 0.112 -0.171
Dissatisfaction (20) 0.651 -0.049 -0.089 -0.021
Decreased appetite (5) 0.624 0.088 -0.208 —-0.424
Confusion (11) 0.615 -0.132 -0.067 -0.189
Hopelessness (14) 0.609 -0.105 0.030 0.221
Emptiness (18) 0.589 -0.156 0.132 0.312
Indecisiveness (16) 0.583 -0.054 0.090 0.069
Suicidal idestion (19) —0.503 0.056 0.087 0.033
Factor 11: manifest depressed mood (F2)
Crying spells (3) 0.125 0.727 -0.057 -0.043
Irritability (15) 0.015 0.648 0.063 0.174
Fatigue (10) 0.004 0.640 0.161 -0.057
Sleep disturbance -0.049 0.415 0.211 —-0.006
Psychomotor agitation (13) -0.054 0.754 -0.074 0.056
Depressed affect (1) -0.165 0.674 -0.112 -0.052
Factor I11: somatic 1 (F3)
Constipation (8) -0.022 -0.125 0.820 -0.359
Weight loss (7) -0.029 -0.016 0.549 0.175
Tachycardia (9) 0.139 0.379 0.587 —-0.054
Factor |V: somatic 2 (F4)
Worse in the morning (2) 0.074 0.045 -0.135 0.730

Daily Routine

Table 5 shows the Spearman correlation between daily routine
features and the four factors and the total SDS score.

Among the 4 factors, F4 can be reflected in daily routine most,
and the reason for the correlation may be that depression

Table 5. Spearman correlation between the factors and daily routine.

disrupted circadian rhythms [50]. Students with higher levels
of depressed mood (F2) and somatic (F3, F4) depressed
symptoms partially result in increased night activity, while a
decrease in morning activity is partialy caused by cognitive
(F1), depressive mood (F2), and somatic (F4) symptoms (see
Multimedia Appendix 1 for detailed information).

Scores 6-7R? 7-8R 7-80° 8-9R 8-90 9-100 23-0R 2300 0-10
F1 .03 ~01 _109° —06 -07 _ 1050 05 07 ~01
F2 .08 03 -07 -07 -08 _ 160 19 1880 o8¢
F3 096 00 -01 —04 -05 -05 —04 092° 105°
F4 —1720 —179¢ —119¢ —.201¢ —165¢ -162° 1284 .098° 09
sDs® 06 -01 -111° —.096° —105° —170¢ 07 134 07

8R: return to the dormitory.

PO: leave the dormitory.

CCorrelation is significant at the .05 level (2-tailed).
dcorrelation is significant at the .01 level (2-tailed).
€SDS: total Zung Self-Rating Depression Scale score.
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Meal Habit

Depression symptoms can result in changes in appetite [29].
Intuitively, these changes may be reflected in the dining data.
To test this hypothesis, we performed the Spearman rank
correlation analysis between meal habits and depression
symptoms, and the test results are shown in Table 6.

Table 6. Spearman correlation between the factors and meal habits.

Mei et a

As can be seen from the table, F4 correlates with most meal
habit features with high confidence. Feeling worse in the
morning can lead to poor meal habits, such as a high rate of
skipping meals and irregular eating.

Scores SD breakfasttime Mean breakfasttime  Number of breakfasts Number of lunches  Number of dinners
F1 .066 .007 —-.053 —.064 —-.050

F2 166 035 -083 -078 -037

F3 1152 054 -014 —036 —021

F4 153 161° -275° -151P -.135°

PC 1290 .038 —100° —086 —.064

@Correlation is significant at the .05 level (2-tailed).
bCorrelation is significant at the .01 level (2-tailed).
SDS: total Zung Self-Rating Depression Scale score.

Academic Performance

As most students should accomplish the majority of coursesin
the first two years of college life, first-year students are
empirically found to be more serious about their study compared
with higher year students, therefore we only use first-year
student data (214 students) to investigate associations between
academic performance and the severity of depression. Theresult
of Spearman correlation isreported in Table 7.

Compared with other factors, F1 has the greatest impact on
performance, especially for the two extremes, fail and excellent.
When the F1 score is high, it is easier to fail exams or to get
general grades. However, the total SDS score was only found
to significantly correlate with thefail course rate and the number
of failed courses. The table suggests that depression makes it
easier for students to have bad academic performance, even if
the total score does not reach the threshold of depression.

Table 7. Spearman correlation between depression and academic performance.

Scores Excellent rate Fail rate Number of excellent Number of good ~ Number of fail
F1 -.158% 185° -1373 1572 186°

F2 061 1502 -043 071 1552

F3 .108 .090 117 —-061 .097

F4 —-.050 132 —-.039 .018 1402

SDE -111 195D —.087 116 201P

8Correlation is significant at the .05 level (2-tailed).
PCorrelation is significant at the .01 level (2-tailed).
¢SDS: total Zung Self-Rating Depression Scale score.

Social Behavior

The distribution of socia behavior features is normally
distributed, so we tested the Pearson correl ation between features
and 4 facts and SDS score. The result is shown in Table 8.

The table indicates that F4 had the largest effect on social
activity, students who felt bad in the morning were more
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reluctant to share meal times with their friends, while the total
SDS score only has aweak relationship with social activity.

The relationship between the frequency of library access and
depression was also explored, F4 was found to be negatively
correlated with the number of library visits (r=—179, P<.001).
No difference was found in the acquisition of scholarships.

JMIR Ment Health 2020 | vol. 7 | iss. 1 [e12503 | p.33
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

Table 8. Pearson correlation between social features and depression.
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Scores TOP, TOP, TOP4 TOP 4 TOP§
F1 -053 —064 —.064 —055 —054
F2 -0942 ~0962 —.0932 -084 -083
F3 —059 —.056 —.050 —037 —042
F4 —.166" —.156" —164° -17P —.1669
Soloy —.0962 -1022 -1012 -0912 —090

8Correlation is significant at the .05 level (2-tailed).
PCorrelation is significant at the .01 level (2-tailed).
€SDS: total Zung Self-Rating Depression Scale score.

Discussion

Principal Findings

Being a serious mental disorder, depression affects the life of
patientsin both mental and physical aspects. Thereisacritical
need to identify behavior characteristics for better identifying
and even helping the treatment of depression; however, to the
best of our knowledge, research on depression among college
students with campus data has not been conducted.

The meal habits of depressive students in this research were
different from that of nondepressive students; this finding is
congruent with the finding of Lee et a [29] that implied
depression may affect the dietary habits. Our experiments
indicated students with depression tended to have bad eating
habits. Factor analysesindicated feeling bad in the morning was
acontributor to the phenomena; furthermore, irregular breakfast
timewas caused by complicated symptoms except for cognitive
factor.

Depressed studentswere found to have fewer morning activities
and more night activities; furthermore, factor analysesindicated
that decreased morning activity was affected by factor 4 (feeling
bad in the morning), while increased evening activity was
partially caused by factor 2 (depressed mood) compared with
other symptomes.

Our findings on daily routine and meal habits are consistent
with the well-established literature that suggests biologic rhythm
is associated with depression [35-38,51-53]. Disruptions in
behavioral patterns caused by depression during waking hours
includes not only the volume of activity but also the patterns of
behavior [53,54]. These pattern changes may be a result of the
genetic and hormonal factors [36] implicated in
depression-related circadian rhythm changes [53,54].

With respect to socia interaction pattern, the Mann-Whitney
U test and correlation analyses demonstrated that depression
impaired social activity, and this conclusion is congruent with
previous studies [38,55]. Furthermore, our study demonstrated
that social activity extracted in thisresearch was mainly affected
by diurnal variation (F4), while cognitive symptoms (F1) and
somatic symptoms (F3) had no connection with decreased social
activity.

Many studies have investigated the negative impact of
depression on academic performance [5,26,56], and our study

http://mental .jmir.org/2020/1/€12503/

goes further on this topic. Factor analyses demonstrated that
there was a negative correl ation between depression and course
fail rate among first-year students. Moreover, by investigating
the rel ationship between academic performance and each factor,
we found that the cognitive factor (F1) was the most relevant
factor for poor academic performance. Students with high
cognitive symptom were more likely to fail exams and less
likely to achieve excellent academic performance [57].

Finally, through the chi-square test we found that the proportion
of poverty subsidy application was not the same between
depressive and nondepressive students. The application
proportion of the depressive group was significantly higher than
the nondepressive group, which indicates that family economic
statusisone of theimpact factorsin depression. Thisconclusion
fits into previous studies, which demonstrated poor
socioeconomic background is associated with depressive
symptoms within each country [5,56].

Limitations

Although our research reveals that some behaviora
characteristics of depressive students can be captured by campus
data, the results are preliminary and a number of limitations
must be mentioned.

First, the work has not covered all aspects of students’ life on
campus (eg, data related to location, physical exercise, after
school clubs, course selection) due to the limitation of school
information infrastructure. With respect to meal habits, because
there are other places for students to eat except for the campus
canteen, it is impossible to accurately obtain all the dining
information. Thus, the term meal habits described in the paper
only represents the meal habits in the campus canteen.

Second, although some patterns about depressive students’ daily
routines werefound, specific reasons need to be further clarified
through a questionnaire survey.

Third, this research adopted the method of self-reported
guestionnaire survey to determine whether participants were
depressed, which may bring about the pervasive problem of
response bias [58].

Finally, studentswith different level s of depression may behave
differently. Because of thelow number of studentswho suffered
from moderate to severe depression, behavioral differences
among mild, moderate, and severe depression were not explored.
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Implications and Future Work

This paper proves that campus data can reflect student
depression status and indi cates that depression may be predicted
by using machine learning techniques. Because timely rescue
of potentially depressed students can improve their academic
performance and reduce their own pain and suicide risk,
depression prediction has good practical effects.

Privacy presentsamajor problem. To precisely predict students
mental health problems, too much privacy data such as online
behavior, daily routine, family background, and consumption
level may be involved. Thus, it is recommended that data
providers convert or add noise to the original data to protect
privacy. For example, provide researchers with differential
privacy [59] processed data.

In addition, data-driven mental health prediction methods can
lead to some negative effects, and the feedback loop is atopic
worthy of consideration because it creates some problems.

The principle of educational equity may be violated. Managers
may prefer not to grant scholarships to depressed students
because they may perform poorly, and this would reduce their
chances of participating in academic, community, and
competition activities. This could be addressed by developing
amental health prediction system that can only be used by those
whose jobs are related to mental health care. When the system
finds adepressed student, apsychological counselor will contact
the student directly to decide whether it is appropriate to
recommend that they ask for psychological counseling services
according to the actual situation. Because of direct
communication between the counselor and depressed student,
no other students or teachers would know the specific situation,
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therefore eliminating the problem of educational inequality that
may be caused by depression.

Although data management rights belong to the information
technology department, it does not mean that the department
has full rights to the data. Some operations on the data are
forbidden to perform unless permitted by students. Some
students may be concerned about mental health issues or
personal privacy being exposed, which may result in a refusal
of authorization. Therefore, some depressive students will not
be detected by the system. To address this, we will popularize
mental health knowledge on campusto eliminate student stigma
about mental illness and explain to students how the system
works to eliminate their concerns about privacy.

Conclusions

The campusinformation systemsrun al thetime and record all
aspects of students' living on campus. Compared with the
traditional questionnaire survey method, these data can reflect
behavior and psychological activities more objectively and
reaistically, and there is almost no cost to obtain this data
compared with other types of data (eg, mobile phone use) [54].
This paper proves that depressive students have different
behavioral characteristicsthan nondepressive students by using
campus data and the symptoms of depression can aso be
reflected in the data, supporting scholars’ behavioral models of
depression [24]. This paper also provides new ideas for
discovering human behavior patterns associated with depression
and other mental health disorders. If combined with other types
of campus data (eg, network connection event logs [60]), it is
possible to achieve an artificial intelligence-based student
depression prediction method.
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Abstract

Background: Internet-delivered treatments for depressive symptoms have proved to be successful in high-income Western
countries. There may be potential for implementing such treatments in low- and middle-income countries such as Colombia,
where access to menta health servicesislimited.

Objective: The objective of this study was to assess the efficacy of a culturally adapted cognitive behavioral internet-delivered
treatment for college students with depressive symptoms in Colombia.

Methods: Thiswas arandomized controlled trial with a 3-month follow-up. The program comprised seven modules. A total of
214 Colombian college students were recruited. They were assessed and randomly assigned to either the treatment group (n=107)
or awaiting list (WL) control group (n=107). Participants received weekly support from atrained supporter. The primary outcome
was symptoms of depression, as measured by the Patient Health Questionnaire - 9, and the secondary outcomes were anxiety
symptoms assessed by the Generalized Anxiety Disorder questionnaire - 7. Other measures, including satisfaction with treatment,
were evaluated after 7 weeks.

Results: Research attrition and treatment dropouts were high in this study. On average, 7.6 sessions were completed per user.
The mean time spent on the program was 3 hours and 18 min. The linear mixed model (LMM) showed significant effects after
treatment (t,g7 5,=—5.189; P<.001) for the treatment group, and these effects were maintained at the 3-month follow-up (tzq g,=4.668;
P<.001). Within-group results for the treatment group yielded a large effect size post treatment (d=1.44; P<.001), and this was
maintained at the 3-month follow-up (d=1.81; P<.001). In addition, the LMM showed significant differences between the groups
(t19754=—5.189; P<.001). The results showed a large effect size between the groups (d=0.91; P<.001). In the treatment group,
76.0% (16/107) achieved areliable change, compared with 32.0% (17/107) in the WL control group. The difference between
groups was statistically significant (X2,=10.5; P=.001).

Conclusions: Thisstudy wasthefirst contribution to investigating the potential impact of a culturally adapted internet-delivered
treatment on depressive symptoms for college students as compared with aWL control group in South America. Future research
should focus on identifying variables associated both with premature dropout and treatment withdrawal at follow-up.

Trial Registration: ClinicalTrials.gov NCT03062215; https://clinicaltrials.gov/ct2/show/NCT03062215

(JMIR Ment Health 2020;7(1):€13392) doi:10.2196/13392
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Introduction

High rates of prevalence of depression have been found
worldwide andin various cultural groups[1-5], with an upward
trend in prevalence in low- and middle-income countries
(LMICs) [6]. In South American countries such as Colombia,
high prevalence rates are reported, which are similar to the
prevalence rates found in high-income countries (HICs) [3,4].
In Colombia, the 12-month prevalence rate has been estimated
to be between 6.6% and 10% [7].

Studies have shown that Colombia reports the second highest
prevalence of major depression in Latin America after Brazil
[3,8]. An epidemiological report on the prevalence of mood
disorders in LMICs shows that Colombia ranks first (6.9%),
compared with India (5.5%), Iraq (4.1%), Nigeria (1.2%),
Beijing (2.2%), and Shenzhen (4.8%) [9]. Recently, the Pan
American Health Organization and World Health Organization
[10] reported that most of the South American countries have
higher depression disability (7.7%), specifically Paraguay
(9.4%), Brazil (9.3%), Peru (8.6%), and Colombia (8.2%). The
Colombian National Mental Health Survey [11] estimated a
point prevalence of mild to moderate depressive symptoms in
15.6% and severe depressive symptoms in 4.2% of adults. In
addition, a report [12] shows that moderate depression among
women is 70.4% compared with that among men (29.6%).
Depressive symptoms can go undiagnosed and untreated, and
the absence of treatment may be associated with the
development of a depressive disorder [13].

Depressive symptoms are commonly reported in genera
popul ations and among college students [14-16]. Cross-cultural
studies show high rates of depressive symptoms among students
[17,18]. Depressive disorders are more frequent among college
students in comparison with the general population [19]. For
instance, a systematic review showed a 30.6% weighted mean
prevalence of depression symptoms in college students from
Europe, the United States, Canada, Egypt, Turkey, Koresa,
Lebanon, and China[20]. These rates are comparablewith those
from Latin American countries [21-24]. In Colombia, a study
reported high prevalence of depressive symptoms (30%) in
students [25]. Another recent study showed 36.2% prevalence
of depression symptoms in a college sample [26]. A recent
report from Colombia showed that peoplewith university studies
presented with higher levels of depression (61.6%) compared
to those without a higher education (45.2 %) [12]. Severd
variables have been associated with the vulnerability of college
studentsto depression: changesin lifestylerelated to poor sleep
habits, eating disorders, economic stressors, and family problems
[20,27].

Such ahigh prevalence warrantsimplementation of interventions
for depression in Colombia. However, asin many other LMICs,
there are barriers for accessing mental health treatments, such
as cost and coverage, that prevent people from accessing the
treatmentsthey need [11,26]. In 2016, the World Mental Health
survey reported that only 6.7% of college students received

https://mental .jmir.org/2020/1/€13392

treatment for their mental health disorder in LMICs [28].
Furthermore, the population with mental health problems does
not have an adequate insurance coverage [11,29]. The
Colombian National Mental Health Survey in 2015 showed that
about 50% of the population reported that personal stigmais
one of the principal reasons for not accessing mental health
services, followed by geographical location and limited service
availability [11].

Despite the necessity to implement psychological interventions
for depressionin Latin America, there are only afew studiesin
this field [30], more so because treatments are mostly
pharmacological, and evidence-based psychological treatments
arerarely used. Furthermore, most of the treatmentsin LMICs
areimplemented without considering the cultural context of the
clients; very little research has investigated culturally adapted
treatments [31,32], whereas there is even less research on
internet-delivered treatments [33,34] that may be a suitable
aternative to make evidence-based treatments available,
especially when nearly 56% of the population in Colombia has
access to the internet [35].

Depressive symptoms can be effectively treated with
psychotherapy and pharmacotherapy [36-39]. Psychological
treatments for depression have shown better outcomes than a
waiting list (WL) or placebo, and combined treatment is more
effective than pharmacotherapy alone [38,40]. Research has
found that psychological treatments can enhance the positive
effect and decrease the negative effect in depression,
contributing to better outcomes [41]. A systematic review and
a meta-analysis have shown that cognitive behavioral therapy
(CBT) had been extensively researched and was demonstrated
to be effective for depression [42,43].

Low-intensity internet-delivered treatment is usually based on
cognitive behavioral principles. It involves complete or partial
guidance and uses CBT techniques that are typically used in
face-to-face therapy, for instance, reading passages, listening
to audio files, seeing pictures, and watching animations and
videos [44,45]. This type of intervention is highly structured,
and it involves psychoeducation, activities, and supplementary
resources such asasupporter contact viaasynchronous message
[46].

Internet-delivered interventions have an established empirical
base for major [47] and subthreshold [48,49] depression. They
are also used as maintenance treatments [50-52]. For instance,
a systematic review of computer-based interventions for
depression, with a supporter, found a medium-to-large
(0.58-0.76) and asmall-to-medium (0.25-0.36) effect sizewhen
the intervention was delivered as a stand-alone self-help
treatment for the reduction of depressive symptoms, both
compared with usual care [51].

Internet-delivered interventions for depression are available in
many languages. Research with Spanish language versions[53]
reported positive results of the effectiveness of a CBT-based
internet-delivered program for depression. A recent 4-year
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descriptive, naturalistic study monitoring a Web-based CBT
treatment developed and researched in Mexico indicated that
the intervention was useful for depressive symptoms [54]. In
addition, a feasibility study in Chile found a Web-based
treatment to be beneficial, acceptable, and feasible [55].

For the most part, there is availability of psychological
treatments and mental health services in HICs. In addition,
research evidence of internet-delivered interventions and their
implementation have been mainly developed in HICs [56],
whereasin LMICs, most people who need mental health services
do not receive any—this is known as the mental health gap.
For instance, the World Health Organization [57] has estimated
that between 76% and 85% of the people with severe mental
health problems receive no treatment in LMICs. Therefore,
internet-delivered interventions may be a valuable resource to
reduce the treatment gap in LMICs, such as Colombia, thus
ameliorating socia health inequalities in these regions[58]. In
addition, thereislittle knowledge on internet-based interventions
for depression emerging in such countries [34]. A recent
systematic review found that only three articles reported the
results of randomized controlled trials (RCTs) in
internet-delivered interventions for mental health conditionsin
LMICs[33].

Textbox 1. Inclusion criteria.

Salamanca-Sanabria et al

This study aimed at evaluating the efficacy of a culturaly
adapted internet-delivered CBT (iCBT), Yo puedo sentirme
bien/l can feel better program, for college students with
depressive symptoms. This study is the first contribution to
investigating the efficacy of aniCBT intervention in Colombia.

Methods

Study Design

The study used a randomized control design (trial registration:
Clinical Trials.gov NCT03062215) to examine the efficacy of
the culturally adapted intervention in which participants were
randomly assigned to two groups. (1) aculturally adapted iCBT
group and (2) aWL control group.

Participants

College students from two cities and universities in Colombia
were included in this study. Both undergraduate- and
graduate-level studentsfrom any school at auniversity in Bogota
City and students of psychology, medicine, nursing, and
education from a university in Bucaramanga City in Colombia
were eligible to participate, and they were selected according
to the criteria described in Textboxes 1 and 2.

« Agex18years

. Mild to moderately severe depressive symptoms determined by the Patient Health Questionnaire - 9 scores of 10-19

Textbox 2. Exclusion criteria.

«  Severe depressive symptoms: score of >19 on the Patient Health Questionnaire - 9

«  Suicidal ideation or intent: score of =2 on question 9 of the Patient Health Questionnaire - 9

« Psychosis

o  Currently in psychological treatment for depression
o Onmedication for <1 month

« Alcohal or drug misuse

«  Previousdiagnosis of an organic mental health disorder

«  Depression preceding or coinciding with a diagnosed medical condition

User Recruitment

An email with information about the study and alink to access
to the treatment was sent to all college students (undergraduates
and postgraduates) in Bogota university and to undergraduate
students studying medicine, psychology, and education in
Bucaramanga university. Potential participants were able to
visit a website to receive information about the study,
participation criteria, treatment, and how to get in contact to
proceed with the study. Recruitment took place between August
2016 and January 2017.

https://mental .jmir.org/2020/1/€13392

Procedure

Overview

Once participants read the study information, informed consent
was obtained from each user before screening and
randomization. Through the SilverCloud platform, participants
wereinstructed to type their name on the informed consent page
to indicate that they had read and understood the study
information and agreed to participate in the study. Thereafter,
participants completed measures for screening purposes,
including the Patient Health Questionnaire - 9 (PHQ-9),
Sociodemographic and Clinical History Questionnaire, and
Generalized Anxiety Disorder - 7 (GAD-7) questionnaire.
Thereafter, participantswho were eligible for the study (Textbox
1) were randomized through computer algorithmsand assigned
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to one of two groups: the iCBT treatment and WL control
groups.

Participants assigned to the active treatment group started the
internet-delivered treatment immediately for 7 weeks, whereas
treatment for the WL participants started after 7 weeks.
Individuals not meeting the inclusion criteria at baseline
assessment were referred to other appropriate sources of
face-to-face support at the student counseling service in their
respective universities. Once the students completed the
guestionnaires, they received immediate feedback on their
results. If exclusion from the study was necessary, information
and advice to seek counseling services at their college was
provided to the student. In addition, the counseling service

Salamanca-Sanabria et al

manager received an automatic email with information of the
excluded students, their questionnaires (ie, Sociodemographic
and Clinical History Questionnaire, PHQ-9, and GAD-7), and
their scores. Participants received emails and calls from the
research team at the posttreatment and 3-month follow-up time
points to encourage them to compl ete their assigned measures.

Randomization

After baseline screening, eligible participants were randomized
and informed immediately about their group assignment.
Randomization was handled by a computer algorithm
administered by aperson independent of the researchers. Figure
1 shows the Consolidated Standards of Reporting Trials
(CONSORT) participant flow through the trial.

Figure 1. Study participants flowchart—Consolidated Standards of Reporting Trials diagram. PHQ-9: Patient Health Questionnaire - 9.

(N=604)

Assessed for eligibility

h 4

Excluded (n =390):

Suicidal ideation, =153

Currently i counselling, n =83
Medication < 1 month, » =10
Alcohol/drug misuse, n=116

Organic condition, n =37

Depression + medical condition, #=96
PHQ-9=10, n=129

PHQ-9=19, n=135

Age< 18, n=37

‘ Fandomised

m=214)

l

l

Allocated to active condition

(n=107)

Allocated to waitting list group
(n=107)

Include post interventions
analyses (n =21)

Include post mterventions analyses
(n =54)

n= 86 were lost
to follow-up

Include mto 3-months
Analyses (n =17)

|

n= 90 were
lost to follow-

I ntervention

The Colombian iCBT program for depression assigned as
treatment in this study (Yo puedo sentirme bien/l can feel better)
is a modified version of the clinically efficacious Space from
Depression program [59] used in Ireland and the United
Kingdom. The name Yo puedo sentirme bien (I can feel better
in English) was selected as a culturally appropriate descriptor
for improving mood to avoid the negative connotations related
to depression in Colombian culture.

The cultural adaptation that underwent several stepsisdescribed
in a separate study [60]. The adaptation involved three distinct
phases based on an integrative approach proposed by the author
(AS). In the first phase, it involved a top-down cultural
sensitivity framework, developed by the principal researcher
(AS). The preliminary adaptation included work done by
professional trandators and an independent video company in

https://mental .jmir.org/2020/1/€13392

N

n= 33 were lost to
Follow-up

Colombia. The first phase in the adaptation comprised a
trandation of the program from English to Spanish and the
incorporation of cultural expressions, examples, and personal
stories into the program. The second phase comprised an
assessment of the preliminary program through the Cultural
Relevance Questionnaire (CRQ) that was designed specifically
for this study. The CRQ is based on cultura sensitivity and
ecological validity theory [61] and principlesfrom cross-cultural
assessment research [60,62]. The CRQ has two sections: (1) a
general assessment of the program and (2) an assessment of
each module, including feedback from college students and
psychology experts. The third phase involved further
development of cultural incorporations into the program based
on this feedback [60].

Both Yo puedo sentirme bien (the Colombian iCBT program
used astreatment in this study) and Space from Depression (the
origina program from which it was culturally and linguistically

JMIR Ment Health 2020 | vol. 7 | iss. 1 13392 | p.42
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

adapted) comprise seven modules of CBT (Table 1) [63]. The
treatment includes self-monitoring, behaviora activation,
cognitive restructuring, and challenging core beliefs. All
modules have the same structure and format, comprising
quizzes, videos, educational content, and activities with
homework suggestions and a modul e review page (Multimedia

Salamanca-Sanabria et al

Appendices 1 and 2). Moreover, users have a supporter who
provides weekly feedback asynchronoudly [59].

The participants accessed the intervention for free during the
time of the study. They also had access to the program without
asupporter for ayear after the study if they wanted to useit.

Table 1. Yo puedo sentirme bien/Space from Depression program description.

Module Brief description

Getting started Outlines the basic premise of cognitive behavioral therapy, provides information about depression, and introduces some
of the key ideas of Space from Depression; users are encouraged to begin to chart their own current difficulties with de-
pression

Tunein

| Getting to grips
with mood

I1: Spotting thoughts
mood and record them graphically

Changeit
I: Boosting behavior

The focusin this module is on mood monitoring and emotional literacy; users can explore different aspects of emotions,
physical reactions, action and inaction, and how they are related

This module focuses on noting and tracking thoughts; users can explore the connection between their cognitions and

This module focuses on behavioral change as away to improve mood; ideas about behavioral activation are included,

and users can plan and record activities and chart their relationship with their mood

I1: Challenge your
thoughts

I11: Core beliefs

helpful coping thoughts

This module supports users to challenge distorted or overly negative thinking patterns, with thought records as well as

This module outlines the role that deeply held core beliefs could play in mood and depression; users can use a range of

interactive activities to identify, challenge, and balance any unhelpful core beliefs

Bringing it all together

In this final module, users are encouraged to bring together all the skills and ideas they have gathered so far, note their

personal warning signs, and make a plan for staying well

Wait List Control Group

Participants in the WL control group received treatment only
after 7 weeks, therefore, this group received no treatment in the
first 7 weeks of the study.

Supporters

Each of the 214 participants were assigned a supporter, who
was a postgraduate student in clinical psychology with
experience delivering CBT for adults. A total of 10 supporters
weretrained by the principal researcher (AS) to usethe Yo puedo
sentirme bien/l can feel better platform and program before
starting their role as a supporter, and they were supervised by
an experienced clinical psychologist at the university.

Each supporter was assigned users. Supporters provided
asynchronous postsession feedback of 10-15 min per participant
per week through the platform. The role of the supporter was
to motivate and provide feedback to the users. The feedback
was focused on improving adherence to the interventions and
encouraging the application of CBT activities in the program.
They scheduled the feedback at specific times, once each week
for a period of 7 weeks. This schedule of support replicated
what had already been implemented with the program in the
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Irish RCT. The messages explain how to work through the
program; the supporters also suggested modules and activities
to the users. All the messages were personalized, depending on
the user’s necessities (the content used or specific questions or
commentsthe user made to the supporter through the platform).
Further, 7 weekly automated alert messages were sent by email
to al the participants, indicating that they had received a new
review from their supporter.

Assessments

Through the SilverCloud platform, the assessments were
completed by the participants. For the efficacy trial, participants
were assessed at baseline, posttreatment, and 3-month follow-up;
details of the measures are described in Table 2.

Participants were assessed at basdline using the PHQ-9,
Sociodemographic and Clinical History Questionnaire, and
GAD-7. At the beginning of each session, participants were
asked to reflect on their previous session and complete the
Helpful Aspects of Treatment Form, a qualitative measure, the
results of which are not presented in this paper. PHQ-9 and
GAD-7 were compl eted at week 7 and fol low-up was completed
at week 20 (3 months). A Satisfaction With Treatment (SAT)
guestionnaire was completed after week 7.
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Table 2. Measures used (study: efficacy trial—screening and primary and secondary outcomes).

Measure Assessed variable

Time of assessment

Patient Health Questionnaire- 9  Depression symptoms

Generalized Anxiety Disorder - 7 Anxiety symptoms

Sociodemographic and Clinical

History Questionnaire nomic status, and clinical history

Helpful and Hindering Aspects of
Treatment>

Satisfaction Satisfaction with the therapy

Gender, age, marital status, education, occupation, socioeco-

Helpful and hindering aspects of treatment

Baseline, posttreatment, and follow-up
Baseline, posttreatment, and follow-up
Baseline

After each session

Posttreatment

Screening Measure

Sociodemogr aphic Information and Clinical History
Questionnaire

Thisinstrument was developed on the basis of apreviousversion
[64]. It collects data on the participants, such as the length of
time oneis experiencing depression symptoms; the participant’s
experience of counseling/therapy and medication for depression;
and whether one has had a previous diagnosis of an organic
mental health disorder or serious mental health disorders such
as schizophrenia, psychosis, and bipolar disorder. In addition,
it contains items related to comorbidity of depression, such as
alcohol and drug misuse, or any recent medical diagnosis.

Outcome Measures

Primary Outcome: Patient Health Questionnaire- 9

The PHQ-9 [65] is a 9-item self-report measure that assesses
the nine depression symptoms from the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition
(DSM-1V), depression criteria. Eachitemis scored on a4-point
scale (0-3), and scores range from O to 27. The score can be
used to describe a patient’s symptoms in one of the five
categories: none (0-4), mild (5-9), moderate (10-14), moderately
severe (15-19), and severe (20-27). The PHQ-9 has been shown
to have good interna reliability (Cronbach alpha=0.86-0.89)
[66]. The PHQ-9 has been trandated into Spanish, and a
Colombian version will be used in this study. The Spanish
version of PHQ-9 has al so demonstrated good reliability among
Latinos in the United States (alpha=.85) [67,68]. In this study,
theinternal consistency of the PHQ-9 in the sample was .87.

Secondary Outcome: General Anxiety Disorder - 7

The GAD-7 [69] comprises seven items measuring symptoms
and severity of anxiety based onthe DSM-1V diagnostic criteria.
It has shown good internal reliability (alpha=.92) [70]. It has
been culturally adapted into Spanish [71] and is availablein a
Colombian Spanish version. In this study, the internal
consistency of the GAD-7 in the sample was .88.

Other Measures

Posttreatment: Satisfaction With Treatment

At posttreatment, participants were asked to complete the SAT
guestionnaire [72]. It asks users about positive and negative
experiences with the internet-delivered treatment. It contains
two questions asking participants to describe what they most
and least liked about the Web-based treatment.

https://mental .jmir.org/2020/1/€13392

Data Analysis

All participants data were included, irrespective of treatment
compliance. Descriptive statistics (Chi-square and t tests) were
used to analyze sociodemographic and clinical variables at the
baseline among the groups (eg, gender and age) [73].

The effect of treatment on PHQ-9 and GAD-7 severity scores
was evaluated separately for each measure by using the
repeated-measures|inear mixed-effects modelsfit with restricted
maximum likelihood in the R package Imed4 [74]. The core
computational agorithms are implemented using the “Eigen”
C++ library for numerical linear algebraand “RcppEigen glue’
in the R (general public license = version 2.0) [75]. Linear
mixed-effects model s are appropriate for analysis of longitudinal
data where repeated measurements are taken from the same
subjects over time and are particularly robust to missing data.
All participants who provided posttreatment measures or
3-month follow-up measures, irrespective of treatment
compliance, wereincluded. Linear mixed model (LMM) fit by
the restricted maximum likelihood (REML) t test using
Satterthwaite method was employed to estimate covariance
matrix, including fixed effects for time [74,76]. The REML
approach isaparticular form of maximum likelihood estimation
that does not base estimates on a maximum likelihood fit of al
theinformation, but instead uses alikelihood function calculated
from atransformed set of data. For each measure, total scores
were modeled using fixed effects of time, treatment group and
theinteraction between time and treatment group, and arandom
effect of individual/identification. The significance of each fixed
effect was eval uated with t tests using the Satterthwaite degrees
of freedom method [ 77]. Post hoc pairwise comparison of means
estimated from the model swere performed using the R package.
All reported P values are two-tailed, with significant levels at
P<.01, P<.01, and P<.05. The magnitude of the treatment effect
within and between the two groups was assessed using the
Cohen d statistic [73]. Cohen describes an effect size of 0.2 as
small, 0.5 as medium, and 0.8 as large [ 78].

Analyses were conducted to assess how many participants
achieved clinically significant changes at the end of the
intervention and at follow-up. The assessments were made
through acomparison of pretreatment scoreswith posttreatment
and follow-up scores on the outcome measures PHQ-9 and
GAD-7. Reliable change was assessed using the Jacobson and
Truax reliable change criteria. Internal consistency, measured
with Cronbach alpha, was used as the reliability estimate, and
it was high for both the PHQ-9 (alpha=.89) and GAD-7
(alpha=.88). Change on either measure was considered reliable
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if it exceeded the resulting reliable change index, which was
calculated to be 3.98 for the PHQ-9 and 3.61 for the GAD-7.
Reliable recovery criteria were calculated as the combination
of the reliable change index (RCI) and cutoff score and the
percentage of participants who achieved a posttreatment score
of <10 on the PHQ-9 and <8 on the GAD-7.

Descriptive statistics were used to analyze the quantitative data
from the SAT questions, and the qualitative responsesfrom this
guestionnaire were analyzed using thematic analysis. The
categorization of data followed that identified in the previous
research [79].

Ethics

The research project and al related materials were submitted
and approved by the appropriate university ethics committees
in Colombia. Participants were provided with the study
information including the aims and objectives and provided
informed consent. Participants meeting exclusion criteriawere
referred to other appropriate sources of support at the
universities. The study protocol, information on the study,
informed consent, and related materials were submitted and
approved by the ethics committee of the two universities.
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Results

Baseline Characteristics

Descriptive statistics revealed that at postrandomization, there
were no significant differencesin the sample between theiCBT
and WL control groups on any variables. Table 3 shows details
of the characteristics of the sample. The mean age was 22.15
(SD 4.74) years. All the participants were full-time students.
The majority of the college student sample was from health
sciences (86/214, 40.2%), followed by social sciences (62/214,
29.0%), and engineering (37/214, 17.3%).

There was no significant difference between the proportions of
participants who reported a previous diagnosis of depressionin
the control group versus the treatment group. The majority of
the participants reported depressive symptoms of between 1
and 2 years (35.0%, 75/214). Of the participants, 21.9% (47/214)
reported to have had counseling/psychotherapy for depression
in the past. Finally, the sample reported confidencein their use
of information technology (IT), with 33.6% (72/214) of
participants reporting feeling confident. Of the participants,
40.6% (87/214) reported feeling not so confident using
technol ogy.
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Table 3. Demographic and clinical variables.
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Variable Total (N=214), n (%) Treatment (N=107), n (%)  Control group (N=107),n(%) P value
Gender .56
Female 153 (71) 74 (69.2) 79 (73.8)
Male 61 (28.5) 33(30.8) 28(26.2)
Age (years)
Mean (SD) 22.15 (4.7) 22.24 (5.4) 22.06 (3.9) 98
Range N/A2 18-52 18-37 —
Education subject .81
Health sciences 86 (40.2) 46 (43.0) 40 (37.4)
Social sciences 62 (29.0) 31(29.0) 31(29.0)
Engineering 37(17.3) 17 (15.9) 20(18.7)
Postgraduate subjects 29 (13.6) 13 (12.1) 16 (15.0)
Timewith symptoms 31
<6 months 56 (26.1) 28 (26.2) 28(26.2)
1-2 years 75 (35.0) 42 (39.3) 33(30.8)
2-5 years 43(20.0) 22(20.6) 21(19.6)
>5 years 40 (18.6) 15 (14.0) 25 (23.4)
Previous therapy for depression .32
Yes 47 (21.9) 20 (18.7) 27(25.2)
No 167 (78.0) 87 (8L.3) 80 (74.8)
Previous medication for depression 72
Yes 37(17.2) 20(18.7) 17 (15.9)
No 177 (82.7) 87 (81.3) 90 (84.1)
Current medication for depression >.99
Yes 7(3.2) 3(18.7) 4(15.9)
No 207 (96.7) 104 (81.3) 103 (84.1)
Information technology—related confidence .02
Very confident 6(2.8) 2(19 4(3.7)
Confident 72(33.6) 35(32.7) 37(34.6)
Average 4(18) 2(19) 2(19)
Mildly confident 72(33.6) 52 (23.4) 20(18.7)
Not confident 87 (40.6) 43 (40.2) 44 (41.1)

@ot applicable.

Treatment Response Rate

Participants were offered 7 modules to complete. Similar to the
original efficacy tria, although they wereinstructed to complete
each of the 7 modules, the choice, pace, and control over the
direction and dose of their engagement was entirely up to them
[59]. Of the 107 participants randomized to the immediate
treatment group, 80% (86/107) began module 1, and 9.3%
(10/107) completed all modules. Figure 2 represents the
treatment response rate over time.

https://mental .jmir.org/2020/1/€13392

A session in aWeb-based intervention is defined as an instance
when a client logged into the system [59]. Session time
estimation is not exact because users may beinterrupted or take
breaks within a session and may not formally log out of the
system. Regarding the treatment group, the total number of
sessions completed was 734, with an average of 7.6 sessions
completed per user. The mean time spent on the program was
3 hours and 18 min.
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Figure 2. Percentage of users accessing modules over time.

90%

30% 80%
70% 4%
60%
50% 45%
40%
30%
20%
10%

0%

Module 1- Module 2- Getting Module 3-
Introduction started Understanding
Feelings

Research Data Attrition

A total of 604 participants were screened, of which 390 were
excluded based on the established criteria. A significant number
of participants were excluded because of suicidal ideation
(153/604, 25.3%) and misuse of drugs or acohol (116/604,
19.2%). At sign-up, there were a total of 107 participants
assigned to the treatment group and 107 assigned to the WL
control group. See CONSORT flow in Figure 1.

The Little's Missing Completely at Random (MCAR) test
revealed a nonsignificant result (X?,=1.28; P=.86), indicating
that the data were missing completely at random [80]. The
percentage of participantswho completed research measures at
postintervention was 19.6% (21/107) and the 3-month follow-up
was 16.8% (18/107). In the WL group, the response was higher,
with 50.4% (54/107) of participants present at the
postintervention assessment. The WL control group was not
followed up beyond this point, as they entered treatment.

Intention-To-Treat Analysis

Owing to the very high percentage (86/107, 80.3%) of missing
data in the sample, we decided not to follow the protocol data

https://mental .jmir.org/2020/1/€13392
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analysis strategy [63]. Instead, we modified our approach to
include only those participants who provided posttreatment
measures (21/107, 19.6%) or the 3-month follow-up (18/107,
16.8%) measures.

Patient Health Questionnaire- 9

TheiCBT and WL control group sampleswere compared using
LMMs, adjusting for depression and anxiety scoresin the model.
LMM including fixed effectsfor time showed significant effects
after treatment (tz5,3;=—5.079; P<.001) within the iCBT
treatment group. The effects were also maintained at the
3-month follow-up (tgge,=—4.668; P<.001) for the treatment
group (see Table 4). Also, LMM shows significant differences
between the groups (t;g75,=—5.189; P<.001) in favor of the

treatment group.

Thewithin-group resultsfor the treatment group yielded alarge
effect size after treatment (d=1.44; P<.001), and this was
maintained at the 3-month follow-up (d=1.81; P<.001).
Similarly, the results showed alarge effect size between groups
(d=0.91; P<.001). Figure 3 provides agraphical representation
of the changes in depressive symptoms between groups pre-
and posttreatment.
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Table 4. Descriptive datafor the Patient Health Questionnaire - 9 and Generalized Anxiety Disorder - 7 by group over time (intention to treat).

Outcome mea- Treatment Follow-up
sures
Baseline Pretreatment Posttreatment ~ Within-group ef- Baseline 3-month fol- Effect size
fect size (95% low-up (95% ClI)
Cl)
t (df) Pvaue® N Mean n Mean t (df) Pvaud® N mean
(SD) (SD) (SD)
Patient Health Questionnaire - 9
Treatment  -5.079 <000 107 14.22 21 8.33 1.44 (0.38 to -4.668 <.000 17 841 1.81(0.69
group (38.23) (2.81) (5.71) 249 (39.62) (5.98) t02.92)
Waiting list  n/AC N/A 107 13.82 54 13.09 0.20 (-0.78 to N/A N/A N/A  N/A N/A
group (2.93) (5.06) 0.58)
Generalized Anxiety Disorder - 7
Treatment  -2.632 <.012 107 1056 21 7.19 0.73(0.081t0 -2486 <.017 17 7.83 0.52(-0.17
group (37.83) (4.380) 479 137) (38.88) (6.23) to1l.21)
Waiting list ~ N/A N/A N/A N/A N/A  N/A N/A
group
8Compared to posttreatment.
bCompared to the 3-month follow-up.
“Not available.

Figure 3. Changesin depression symptoms pre- to postintervention. PHQ-9: Patient Health Questionnaire - 9.
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Similarly, theiCBT group and WL control group sampleswere
compared using LMM. Within theiCBT group, time point was
a significant predictor of the GAD-7 score, with a significant
effect from baseline to posttreatment (t3; gz=—2.632; P<.012)
and the 3-month follow-up (tz5 s=—2486; P<.017; Table4) within
the treatment group. Theinteraction effect was also significant,
representing significant differencesin the GAD-7 score change
observed from baseline to posttreatment between the groups
(t10355=—2.229; P<.03) in favor of the treatment group.
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The within-group results for the treatment group yielded a
medium-to-large effect size after treatment (d=0.73; P<.001),
and this was maintained at the 3-month follow-up (d=0.52;
P<.001). The mean scores indicated that the treatment group
reported significantly lower levels of anxiety symptoms after
treatment than thosein the WL control group, yielding amedium
posttreatment effect size between the groupsfor theintervention
(d=0.60; P<.001). Figure 4 provides agraphical representation
of the changes in anxiety symptoms between groups.
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Figure 4. Changesin anxiety symptoms pre- to postintervention. GAD-7: Generalized Anxiety Disorder - 7.
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Clinically Significant and Reliable Change

RCI values were calculated in this sample population. For the
PHQ-9, change was needed to exceed the RCI value of 3.97,
and for the GAD-7, avalue of 3.63, to be considered reliable.
The proportion of each group that showed reliableimprovements
(or deterioration) between baseline and posttreatment and the
3-month follow-up was determined using these reliable change
criteria. The analysis included only the number of participants
who provided follow-up measures.

In the iCBT group, 76% (n=16) achieved reliable change,
compared with 32% (n=17) in the WL control group. The
differences between groups were statisticaly significant

(X22:10.519; P=.001). Reliable recovery from depression and

anxiety was established by identifying the RClI and the
percentage of participants who achieved a posttreatment score
of <10 on the PHQ-9 and <8 onthe GAD-7. IntheiCBT group,
10 (n=10) participants met the criteriafor reliable recovery on
depression symptoms and 9 (n=9) met the criteriafor the same
on anxiety symptoms.

Satisfaction With Treatment

After 7 weeks, the participants (n=40) also completed the SAT
guestionnaire. Most of the users were happy to use a computer
to access their treatment (76%, n=30) and found the
interventions easy to use (82%, n=32). Furthermore, the mgjority
of participants (68%, n=27) found the Web-based treatment
helpful (Table 5).

Table 5. Results from the Satisfaction With Treatment questionnaire, (n=40).

Questionnaire items Participants
Agree (%) Disagree (%) Neither (%)
| was happy to use the computer to access the treatment 76 8 16
| found the intervention easy to use 82 5 13
| feel the treatment received will have alasting effect 63 8 29
I would recommend the Web-based treatment to others 68 16 16
How helpful you found the Web-based treatment program 682 23b 10¢

3Helpful.
PA little helpful.
®Not at all helpful.

The final two questions in the satisfaction measure were
qualitative and asked participantswhat they most and least liked
about the Web-based treatment. The majority of the users
reported its accessibility and flexibility (n=20, 50%) as the
aspects they liked the most. The other aspects liked were the
applicability of the program to their life, having a supporter,
and the interactive tools and the activities:
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The availability of all the material that it includes
and the sense of security that it gives to know that |
can receive help at any time.

The strategies proposed are very effective that allows
us to question about the [ negative] habits have [are
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...That | could keep track of my emotions and moods.

When asked what they |east liked about the Web-based treatment
program, some participants reported that the program did not
meet their individual needs, such as immediate feedback or
synchronic interaction with the supporter (n=11, 28%) and lack
of time (n=4, 10%).

The platformisimpersonal. Perhaps, it was not what
| needed to hear. Perhaps, nothing replaces being in
touch in real life with someone.

Discussion

Principal Findings

The study aimed at evaluating the efficacy of a culturaly
adapted Yo puedo sentirme bien/l can feel better program for
college students with depressive symptoms in Colombia. The
results show avery high research attrition and trestment dropout
in this sasmple. However, the treatment group demonstrated
statistically significant decreasesin depressive symptoms from
baseline to posttreatment, relative to the pre-post change in the
WL control group, and this reduction in symptoms was
maintained at the 3-month follow up. Furthermore, a
significantly larger proportion of the iCBT group achieved a
reliable change, compared with the WL control group. The
results from this study thus showed that the culturally adapted
cognitive behavioral internet-delivered program, Space from
Depression, is effective in reducing depressive symptoms in
comparison with a WL control group. These results support
previous research findings on the Space from Depression
program in Ireland [59]. The findings presented here indicate
that the program can potentially be used with other cultural
groups, provided that it is modified to contain culturally adapted
components.

The results in this study also showed that positive changesin
depressive symptoms can be maintained by users at the 3-month
follow-up. Thisis arelevant finding regarding maintenance of
gains achieved from an internet-delivered intervention. Previous
research [81,82] in culturally adapted internet interventionsfor
depression with Arab and Chinese immigrants has been
consistent in demonstrating lasting effects. For instance, astudy
[81] found that a reduction in depressive symptoms was still
maintained at the 3-month follow-up within a population of
Chinese immigrants.

Furthermore, this study found that the Yo puedo sentirme bien/I
can feel better program is effective in reducing comorbid
symptoms of anxiety in comparison with a WL control group.
Statistically significant reductions were observed in anxiety
symptomsfor the intervention group from pre- to posttreatment,
and these were maintained at the 3-month follow-up. Theresults
support the efficacy of this internet-delivered cognitive
behavioral intervention for depression and anxiety, as has been
observedin aprevious study of theinterventionin English [59].
Similarly, a study [83] showed a significant reduction in
depression and comorbid anxiety after treatment and at the
3-month follow-upin an RCT with Turkish immigrant residents
in the Netherlands.
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This RCT reports the results from the first culturally adapted
internet-delivered program with asynchronous Web-based
support inan LMIC in South America. Theintervention showed
similar outcomes to those established previously in Web-based
treatments for depression and anxiety in HICs [51,59,84-86].
The evidence base for internet-delivered interventions for
depression and anxiety symptoms comes mainly from people
living in developed countries [56], whereas iCBT may be a
valuable resource to reduce the treatment gap for those living
in less developed countries, thus ameliorating social health
inequalities between regions [58].

Furthermore, a reliable change was achieved by a greater
percentage of thosein the iCBT group (n=16, 76%), compared
with those in the WL control group (n=17, 32%). The reliable
change in internet-delivered interventions has showed greater
percentage in different studies in the literature based on
intention-to-treat (ITT) samples. For instance, a study of
culturally adapted iCBT for depression reported a reliable
change in the treatment group (32%) as measured using the
Center for Epidemiological Studies-Depression [83]. In addition,
a culturally adapted transdiagnostic iCBT for depression and
anxiety [87] reported that participants made a 50% greater
improvement on the PHQ-9 at posttreatment and the 3-month
follow-up, respectively, using a posttreatment score at or below
theclinical cutoff onthe PHQ-9 (=10) asacriterion for reliable
change. A study of the internet-delivered treatment for
depression upon which this cultural adaptation is based, the
Space from Depression program, reported a 31% reliable change
inthe treatment group by using acriterion of change of =9 points
on the Beck Depression Inventory-11 from pre- to posttreatment
[59].

The participantsin theiCBT group spent an average of 3 hours
and 18 min using the treatment and an average time of 18.2 min
per session. Participants determined the amount of time they
spent on the platform, which is a feature of internet-delivered
interventions. A research study using the Space from Depression
program with a sample from the general population in Ireland
showed a greater mean time spent on the program in this
population (5 hours 22 min) [59]. This difference in time spent
using the intervention could be associated with time limitations
within the college student sample in Colombia, where exam
weeks and academic tasks can affect people's use of the
program. Thistimelimitation among college students may have
also compromised the success of the intervention (ie, the high
dropout). Studies have identified factors that could influence
the time spent on the Web, such as processing speed, cognitive
ability, reading aptitude, and familiarity using computers[88].

High Levels of Depressive Symptoms and Suicidal
I deation

Both colleges reported high exclusion criteria at the beginning
(64% of participants were excluded before they were
randomized to treatment and WL control groups). For instance,
in Bogota, ahigh proportion of studentswere excluded because
of suicidal ideation (n=130, 24%) and drug/alcohol misuse
(n=94, 17%). Similarly, in Bucaramanga, a high proportion of
studentsreported suicidal ideation (n=23, 12%) and al cohol and
drug misuse (18%, n=22). The exclusion might be considered

JMIR Ment Health 2020 | vol. 7 | iss. 1 [e13392 | p.50
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

higher compared with other studies in HICs [53,59,89]. In
culturally adapted internet-delivered treatment for depression,
high exclusion rates related to suicidal ideation have been
reported in different populations[81,83]. Studies have supported
that the reasons for the exclusion may include different
interpretations that communities have about mental disorders
that may not be considered in the measures used for depression
[2,90]. More studies are needed in thisarea to devel op validated
measures considering cultural differences. In addition, college
students typically report a higher prevalence of depression,
suicidal ideation, and acohol/drug misuse [20,28], and there
are similar reports in South America[26,91].

Furthermore, theiCBT program wastested for mild-to-moderate
depressive symptoms, which shows the necessity of its usein
higher levels of depression or more precise measures to assess
participants with more significant levels of depression, given
how common it was for people to be screened out for
psychological symptoms. The Space from Depression program
has also reported efficacy with this population [92]; future
studies should be considered at this point.

Attrition

Research Attrition

In this study, only 20% of the participants completed measures
after treatment and 17% completed them at the 3-month
follow-up. Thisvery high attritionisnot easily comparable with
other culturally adapted internet-delivered treatment for
depression studies. For instance, a study [83] showed that 58%
participants completed the posttreatment measures (6 weeks),
and 38% filled the follow-up assessment at 4 months. In
addition, Choi et a [81] reported that 92% of the users
completed the posttreatment questionnaires, and 84% of
participants completed the questionnaires at the 3-month
follow-up. Internet-delivered interventions for depression have
showed higher retention rates, for example, astudy [93] reported
49% of participants providing data at posttreatment and 35%
at follow-up. In a previous study using the Space from
Depression program, 63% of participants completed measures
after treatment (8 weeks), and 52% completed 3-month
follow-up measures [59]. Procedural variables could be
associated with the very high research attrition rate in this study,
such as phone numbers of the participants not being available
from the beginning of the study and limiting phone callsto the
participants to encourage them to complete the measures after
treatment.

In this study, recruitment was conducted by email, and therefore,
there was no face-to-face contact with the participants. Personal
contact at the beginning of the intervention would have, perhaps,
encouraged the participants’ engagement and continuation with
the program. Thisis also associated with another factor linked
to attrition—Ilack of reminders[94]. In this study, usersreceived
emails and calls at the end of the study to encourage them to
complete the measures. Some limitations were present, such as
the calls being made from Ireland, where there is a significant
time difference with Colombia. Therefore, it was not possible
to call the participants during a specific time that they might be
more likely to answer the phone. Moreover, it islikely that for
some participants, reminder emails went to spam.
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Studies have suggested personality factors, cognitive abilities,
and motivation as relevant determinants for attrition [95]. We
did not evaluate these elements in this study. Future studies
should examine strategies to decrease attrition rates, which is
adeterminant of effectiveness in internet interventions.

Treatment Dropout

Only asmall proportion of participants completed all modules;
80% (86/107) of the participantsin theiCBT group began with
module 1, and 9% (10/107) completed al modules. Treatment
dropout has been found to be aproblemin internet interventions
[94,96]. However, studies have shown that having a supporter
isassociated with higher engagement and efficacy in Web-based
interventions [51,97]. Unfortunately, that was not the case in
this study. Despite the training provided to the supportersin the
Web-based program and their experiencein CBT, the population
engagement was low. The possible reasons could include
barriers related to accessing mental health treatments in
Colombia, such as lack of motivation for change, negative
perception of psychological treatments, and persona stigma
[26]. In addition, this is the first study with internet-delivered
interventions in Colombia and in South America, which might
affect the engagement with the treatment.

Furthermore, possible cultural differences and specific
characteristics of the college student sample could be considered
infuture studiesin Colombiato try toimprove engagement with
the treatment. For instance, the structure of the year and
competing demands on students, for example, examsand holiday
periods, can have a detrimental impact on engagement and
adherence to any intervention. In addition, alack of reminders
has been associated with participant dropout [94]. In this study,
participants received an automatic alert email each week from
their supporter. It is probable that these automatic alerts were
received as spam, and consequently, the parti cipants could have
forgotten to use the program and dropped out from the
intervention. In addition, 87 participants (41%) of the population
inthisstudy reported low I T confidence, which could be another
dropout factor and may affect engagement with theintervention
[98]. Studies have associated the low use of technology with
attrition in Web-based interventions [95]. Future studies could
assess and develop strategies to support participants with low
IT confidence. Activities could involve training and calling the
participants to clarify or guide them on how to use the internet
intervention. Despite the fact that the Space from Depression
program involves interactive videos and information on how to
explore the program, the supporter could also reinforce and
guide the user with this as part of the weekly feedback.
Considering these points, the analysis also revealed that
participants who completed posttreatment measures showed
higher program usage (mean number of logins 11, SD 7.32),
compared with those who did not (mean number of logins 3.28,
SD 2.76). These outcomes may be reflective of the low IT
confidence reported by the sample.

In addition to this inexperience with IT, the intervention was
implemented into a sample largely inexperienced in using
counseling. Only 20% of the participants in this study had
received psychotherapy previously, which could be considered
another factor for dropping out. It also highlightsthe opportunity
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the study provided for these populations to have access to a
treatment program for depression, showing the potential of
iCBT to reach different, typically inaccessible, populations.

Satisfaction With Treatment

The results from the satisfaction and user-experience
guestionnaires indicated that, in general, participants were
satisfied with accessing an iCBT intervention. However, a
minority of participants felt the treatment did not meet their
individual needs, as they found it difficult to get motivated and
engage with the program. Flexibility and accessibility were
most liked by the participants, which is consistent with previous
studies[72,79]. Participants found the intervention easy to use
and were happy to access the Web-based treatment. It should
be noted that the SAT response rate was|ow and might be biased
toward those who were satisfied with the program and found it
helpful.

One of the most significant aspects reported by the participants
was presence of a supporter. Having a supporter was valuable
to encourage the user to continue with the program and provided
guidance and feedback. Some participants reported feeling
relieved because of the supporter or having a space to express
themselves. All the participants in this study reported positive
comments about their supporters, which may reflect the
importance of having a trained postgraduate student as an
appropriate component to provide suitable feedback to the users.
However, a limited number of users share information with
their supporter, reflecting a sense of anonymity unique to a
Web-based treatment [99].

Participants reported aspects of time as something they least
liked about theinternet-delivered intervention, which wasrelated
to difficulties in completing all the modules in the program.
Usersreported alack of time because of academic commitments
or personal circumstances. Participants also reported that they
did not have enough time to complete the modules in the
program and feeling rushed to review the content between
sessions. Similar findings have been reported previously [79].

Strengths of the Research

First, the results show that the culturally adapted program Yo
puedo sentirme bien/l can feel better was effective in reducing
depressive symptoms and comorbid anxiety symptoms with
college students in Colombia. The origina Space from
Depression program has been previously investigated with
college students [100] and a community population [59], with
significant improvement in depressive symptoms pre- to
posttreatment in both populations. Most of the studies of
internet-delivered interventions have been studied in HICs,
which might not be generalizable to other populations
worldwide. Therefore, knowing more of the effectiveness of
internet interventions in LMICs may mean that this type of
treatment can be an alternative for people who cannot access
mental health services because of limited health insurance or
personal stigmaand isthereforerelevant in Colombia[11,101].

Second, despite the high attrition rate found in this study, this
type of treatment was an opportunity for studentsto have access
to a psychologica intervention. A recent report showed that
only a small minority of college students receive adequate
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treatment for their mental disorders in low-income countries
(6%), compared with HICs (23%) [28].

Third, this study adds supporting evidence for using trained
student supporters in guided internet-delivered interventions
for mild-to-moderate depressive symptoms. Several studies
have reported that various levels and type of supporters can
achieve positive outcomes in low-intensity internet-delivered
interventions for depression [51,85]. Despite the high dropout
ratein this study, the student supportersin the study might play
an important role in increasing engagement with the program.
Corroborating this, qualitative comments by the participantson
the SAT were positive about the interaction with their
supporters.

Finally, this type of intervention could be delivered through a
counseling servicewith trained studentsin Colombia. Similarly,
it may be employed as a potential alternative in primary care
or other populations. Studies have evidenced that
internet-delivered interventions might potentially reduce the
barriers to treatment access in LMICs [30]. In addition,
culturally adapted internet-delivered treatments could reduce
cost and possibly personal stigma [102]. Therefore, the study
alludesto the potential of aculturally adapted internet-delivered
intervention, with support, to accomplish significant outcomes.
In locations where mental health services are underdevel oped,
health care structuresdo not exist, or thereisapotential to offset
risk and escalation of difficulties and benefit from early
intervention, such amodel of service provision could befeasible
[103].

Limitations

A noted limitation is that the study did not include an official
depression diagnosis of participants; however, it includes
well-established measures of symptom severity that can allow
us to establish the efficacy of low-intensity internet-delivered
treatments for depression symptoms among college studentsin
Colombia. Another concern is with regard to the problem of
missing data.

Owing to the high attrition of research data, it would not have
made senseto completeatrue I TT analysisincluding appropriate
imputation of missing values. Therefore, our ITT anaysis is
not as robust as we would have liked, and as a result, caution
isadvised in any interpretation of the results from this study.

Theresearch attrition was high at posttreatment, and it waseven
higher at the follow-up. Reminders in the form of emails were
sent (maximum four times) and phone calls were made with
some participantswho provided their contact details (maximum
three times), but this did not result in a significant decrease in
study dropout/attrition rate. The reasons for this high attrition
rate are not entirely known. In addition, the cultural adaptation
of the program was not further evaluated after the intervention
with the participants, which might have allowed us to assess
and identify potential factorsrelated to the adaptation that could
have affected dropout.

Future Research

Internet-delivered interventions for depression have shown
significant effects post treatment [51], specifically, in
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high-income Western countries. LMICs around the world have
scarce accessto mental health services[26]. A strategy to utilize
the internet to provide more widely available and low-cost
mental health care has vast potentia. In addition,
internet-delivered treatments could contribute to the
globalization of mental health services and psychological
interventions, for which cultural adaptation is the key [33].

This study was the first contribution regarding the potential
impact of aculturally adapted internet-delivered, low-intensity
intervention on depressive symptoms for college students, as
compared with a WL control group, in South America
Internet-delivered interventions could be a potential option for
delivering evidence-based psychological interventions and may
overcome some of the significant barriers to accessing mental
health treatment in Colombia Future research should focus on
monitoring participants who drop out prematurely from the
study at afollow-up to evaluate the reasons for withdrawal.

This study has demonstrated the potential for internet-delivered
interventions to provide satisfactory, acceptable, and effective
low-intensity treatments to individuals living with depression
in South America. The accessibility and flexibility unique to a
Web environment may increase the access to mental health
interventions around the world, considering the cultural
characteristics of the populations, and this may contribute to
decreasing the mental health treatment gap in LMICs.

Salamanca-Sanabria et al

In future studies, analysis of the central characteristics of the
sample, such as age, previous level of depression, familiarity
with the technology, previous treatments, and the perceived
usefulness of the treatment, among others, could show the extent
to which different groups of people might benefit more from
this type of Web-based treatment. In attempting to explain and
understand the reasons for dropout in the sample, a number of
reasons were speculated upon. However, future studies might
analyze further the population’s previous knowledge about
depression, any associated personal stigma, and their perception
of how psychological treatment could help overcomeit.

Conclusions

This study showed that the culturally adapted iCBT program
Yo puedo sentirme bien/l can feel better could be employed in
different cultural groups as a population-level intervention for
mild-to-moderate symptoms of depression. Importantly,
outcomes from the treatment group were maintained at the
follow-up. The research attrition was high at posttreatment and
at the follow-up in this study. Future research should focus on
monitoring participants who drop out prematurely from the
study at afollow-up to evaluate the reasons for withdrawal . The
results from this study are encouraging for the implementation
of the culturally adapted internet-delivered cognitive behavioral
program, Space from Depression, for the treatment of depression
symptoms in a culturaly different population, helping
disseminate evidence-based treatmentsin LMICs.
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Abstract

Background: Although patient history is essential for informing mental health assessment, diagnosis, and prognosis, there is
a dearth of standardized instruments measuring time-dependent factors relevant to psychiatric disorders. Previous research has
demonstrated the potential utility of graphical representations, termed life charts, for depicting the complexity of the course of
mental illness. However, the implementation of these assessments is limited by the exclusive focus on specific mental illnesses
(ie, bipolar disorder) and the lack of intuitive graphical interfaces for data collection and visualization.

Objective: Thisstudy aimed to develop and test the utility of the Tulsa Life Chart (TLC) as a Web-based, structured approach
for obtaining and graphically representing historical information on psychosocial and mental health events relevant across a
spectrum of psychiatric disorders.

Methods: The TLC interview wascompleted at baseline by 499 participants of the Tulsa 1000, alongitudinal study of individuals
with depressive, anxiety, substance use, or eating disorders and healthy comparisons (HCs). All datawere entered electronically,
and a 1-page €electronic and interactive graphical representation was developed using the Google Visualization Application
Programming Interface. For 8 distinct life epochs (periods of approximately 5-10 years), the TL C assessed the following factors:
school attendance, hobbies, jobs, socia support, substance use, mental health treatment, family structure changes, negative and
positive events, and epoch and event-related mood ratings. We used generalized linear mixed models (GLMMs) to evaluate
trajectories of each domain over time and by sex, age, and diagnosis, using case examples and Web-based interactive graphs to
visualize data.

Results: GLMM analyses revealed main or interaction effects of epoch and diagnosis for al domains. Epoch by diagnosis
interactions were identified for mood ratings and the number of negative-versus-positive events (all P values <.001), with all
psychiatric groups reporting worse mood and greater negative-versus-positive events than HCs. These differences were most
robust at different epochs, depending on diagnosis. There were also diagnosis and epoch main effects for substance use, mental
health treatment received, social support, and hobbies (P<.001). User experience ratings (each on a 1-5 scale) revealed that
participants found the TLC pleasant to complete (mean 3.07, SD 1.26) and useful for understanding their mental health (mean
3.07, SD 1.26), and that they were likely to recommend it to others (mean 3.42, SD 0.85).

Conclusions: The TLC provides a structured, Web-based transdiagnostic assessment of psychosocial history relevant for the
diagnosis and treatment of psychiatric disorders. Interactive, 1-page graphical representations of the TLC allow for the efficient
communication of historical lifeinformation that would be useful for clinicians, patients, and family members.

(JMIR Ment Health 2020;7(1):€16919) doi:10.2196/16919
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Introduction

Background

Understanding thelongitudinal course of mental healthiscrucia
for guiding the clinical conceptualization of mental illness[1].
Psychosocial history is particularly important for illuminating
environmental, psychological, and biological factors that may
influence an individual’s course of illness. Yet, it is one that
psychiatry has struggled to adequately and effectively integrate
into explanatory models [2-4]. Current assessments of
psychosocial history often rely on unstructured methods, such
asopen-ended interviews. With the advent of electronic medical
records, some clinicians and/or health systems have adopted
more structured approaches; however, there remains variability
inthe quality and type of information contained. Such variability
stands in contrast to standardized self-report and diagnostic
assessments  [5,6], potentially neglecting a nuanced
understanding of individual patients in the clinic as well as
grouped samplesin research studies.

One approach for capturing the complexity of an individua's
illness courseisto depict it graphically. Post et a [7] devel oped
the National Institute of Mental Health (NIMH) Life Chart
method, involving pictorial demonstrations of manic and
depressive episodes of individuals with bipolar disorder [8]. In
this approach, data gathered from patient and collatera
interviews were incorporated into a visual chart organized
according to a chronological timeline, with illustrations of
pertinent events (eg, suicide attempts, hospitalizations, and
medication changes) and illness severity on a perpendicular
axis. Theresulting chart consisted of asingleimage containing
the mgjority of outcomes perceived to be pertinent to their illness
course. This material, intended to be shared with the patient,
family members, or clinicians, was thought to (1) succinctly
identify and communicate the emergence of certain patternsin
their illness trajectory, (2) assist therapeutic management
decisions via an explicit observational measure (eg, similar to
monitoring of blood glucose levels in an individual with
diabetes), (3) enhance the psychotherapeutic process by
increasing insight into these patterns, and (4) improve continuity
of care when transitioning from 1 clinician or health system to
another. Life history interviews used in other mental health
populations (without graphical representations of data collected)
have also been found to increase the detection and diagnosis of
mental health disorders[9,10].

Despite the apparent advantages of structured and graphical life
history methods, this approach has not been widely adopted
within the mental health field mainly because of the amount of
time required to collect such information and the technol ogical
resources heeded to devel op software with an intuitive graphical
interface. In addition, most existing measuresfocus exclusively
on bipolar disorder, with little regard to the high levels of
comorbidity across diagnostic categories[11], healthy/resilient
populations [12], or relevant psychosocial contexts (eg, social
supports, traumatic events, employments, educational history,

http://mental .jmir.org/2020/1/€16919/

or stability of home environment) [13]. Furthermore, current
assessments do not readily provide an intuitive graphic
representation for clinicians, patients, and family members to
gain insight into the individual’s unique psychosocial history.

Objective

Inspired by the NIMH Life Chart approach for bipolar disorder,
the primary goals of this study wereto (1) develop a structured
approach for obtaining historical information on psychosocial
and mental health events across a spectrum of disorders, (2)
reveal unique patterns of anindividual’slife eventsin amanner
not captured by standard clinical practice, and (3) illustrate
individual and group historical information through an
interactive graphical medium that could be readily examined
by clinicians, patients, and family members. To accomplish
these goals, we developed the Tulsa Life Chart (TLC), a
structured assessment for graphically representing psychosocial
historical data at individual and group levels. To test the
feasibility and utility of this approach, we applied the TLC to
the first 500 subjects of the Tulsa 1000 project, alongitudinal
observational study of treatment-seeking individual swith mental
health problems across the categories of major depressive
disorder (MDD), anxiety disorders (ANX), eating disorders
(ED), and substance use disorders (SUD) as well as those
without mental health conditions [14]. We provide case
examples with TLC graphical representations to illustrate the
potential clinical utility of the TLC at the individual level. We
hypothesized that the TLC would demonstrate feasibility and
utility in detecting and displaying transdiagnostic differences
in psychosocial tragjectories across the life span. We aso
examined diagnostic group differences in tragjectories of TLC
psychosocial events over time to test specific hypotheses and
to provide context from which individual case responseson the
TLC could be examined. We hypothesized that all mental health
conditions would be associated with more negative life events
and stressors (eg, changes in residence, schools, and jobs) and
fewer recreational activities relative to healthy comparisons
(HCs). Given previous research suggesting that the negative
effects of psychosocial stress accumulate over time [15], we
hypothesized that these diagnostic group differences would be
more apparent in later life periods. In addition, we hypothesi zed
that SUD populations would report greater use of substances,
starting in adol escence (consistent with previous research [16]),
relative to all other diagnostic and HC groups.

Methods

Participants

The TLC was completed as part of the Tulsa 1000 project [14],
which included participants aged 18 to 55 years, screened on
the basis of several dimensional psychopathology scores: the
Patient Heal th Questionnaire-9 (PHQ-9) [17] score greater than
or equal to 10, Overall Anxiety Severity and Impairment Scale
(OASIS) [18] score greater than or equal to 8, 10-item Drug
Abuse Screening Test (DAST) [19] score greater than or equal
to 3, and/or Eating Disorder Screen (SCOFF) [20] score greater

JMIR Ment Health 2020 | vol. 7 | iss. 1 [€16919 | p.61
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

than or equal to 2. These scales are commonly used screening
guestionnaires within research and clinical settings and were
used within the Tulsa 1000 project to identify participants
experiencing clinically significant symptoms of MDD, ANX,
SUD, or ED. HC participants without elevations in symptoms
or psychiatric diagnoses were also included. Participants were
excluded if they (1) tested positive for drugs of abuse; (2) met
criteria for psychotic, bipolar, or obsessive-compulsive
disorders; (3) reported a history of moderate-to-severe traumatic
brain injury, neurological disorders, or severe or unstable
medical conditions; (4) had active suicidal intent or plan; or (5)
reported a change in medication dose within 6 weeks of study
enrollment. Full inclusion/exclusion criteria are described in
the study by Victor et a [14]. These criteria were selected to
minimize risks to participants and to address factors that may
have confounded multilevel assessments conducted as part of
the larger Tulsa 1000 study (including functional magnetic
resonance imaging) while also optimizing generalizahility to
community mental health populations (eg, not excluding for
many comorbidities or medication use). Participants were
recruited from community mental health clinics and the general
community through electronic and print advertisements. The
Western Institutional Review Board approved the study. All
participants provided written informed consent before
completion of the study protocol and were compensated for
participation. The authors assert that all procedures contributing
to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation
and with the Helsinki Declaration of 1975, as revised in 2008
(Trial Registration: Clinical Trials.gov #NCT02450240).

This study focused on baseline data collected from thefirst 500
participants of the Tulsa 1000, for which longitudina data
collection is ongoing (recruited from January 5, 2015, to
February 22, 2017; the study was conducted at the Laureate
Ingtitute for Brain Research, LIBR). TLC data were available
for 499 individual s (seetablein Multimedia Appendix 1 for the
number of participants with data for each epoch). Participants
were grouped by Diagnostic and Statistical Manual of Mental
Disorders(DSM)—V or DSM-5 diagnosis as determined by the
Mini International Neuropsychiatric Inventory (MINI) [21],
including MDD only, ANX only (social anxiety, generalized
anxiety, panic, or posttraumatic stress disorder), comorbid MDD
and ANX (MDD+ANX), SUDs (recreational drugs, excluding
alcohol or nicotine; with or without comorbid ANX/MDD),
EDs (with or without comorbid MDD, ANX, or SUDs), and
HCs with no psychiatric diagnoses. Sample size, demographic
information, and screening measure scores are shown in
Multimedia Appendix 2.

M easures

Devel opment of the TLC wasinformed by the general approach
of the NIMH Life Chart [7,8] and by considering transdiagnostic
psychosocial factorsthought to contribute to mental health. The
TLC was conducted as a structured interview by bachelor’s- or
master’s-level research personnel and took approximately 2.5
hours to administer. Training in TLC administration was
supervised by aboard-certified psychiatrist (SK) and alicensed
clinical psychologist (RA), with interviewers presenting each
case as part of a weekly, supervised assessment review. In
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addition to the TLC, all participants completed screening
measures and the MINI [21].

The TLC interview assessed birth date, location, and birth
complications and then queried specific components from each
of the following epochs: (1) birth to elementary school or age
5years, (2) elementary school or ages5to 10 years, (3) middle
school or ages 11 to 14 years, (4) high school or ages 15 to 18
years, (5) young adult or ages 18to 25 years, and (6-8) for every
10 yearsthereafter to the age of the participant (ie, 25-35, 35-45,
and 45-55 years). For each epoch, participants provided an
average mood rating (1-10, with 1 being the worst they have
ever felt and 10 being the best they have ever felt) as well as
the frequency/number, start/end dates, and brief descriptions
for each of the following: (1) places lived (residences); (2)
schools attended (schools); (3) leisure activities (hobbies); (4)
employment (jobs); (5) people they felt close to (people); (6)
exposure or experiences with substances; (7) mental health
treatments; (8) changes in family structure, for example, birth
of a child, marriages, divorces, and so forth (change events);
(9) negative (bad); (10) positive (good) events; and (11) any
other events they felt were important. Participants were asked
toratetheir mood at thetime of each negative, positive, change,
and other events on the same 1 to 10 scale. For the TLC, we
purposely used a mood rating that spanned positive affect (best
they have ever felt) and negative affect (worst they have ever
felt) such that the same scale could be used across different
types of events (ie, rather than using measures of genera
distress). All data were entered electronically using Research
Electronic Data Capture (REDCap [22]).

A 1-page electronic and interactive graphical representation
was developed by exporting data using the redcap.js client
module and creating interactive graphs using JavaScript along
with the Google Visualization Application Programming
Interface [23]. We provide 4 example TLCs, along with brief
case summaries of each. For the purposes of confidentiality,
information relating to identifiable patient characteristics and
personal history has been modified, and each participant
provided consent to use the presented information for
publication. Interactive graphs for each case, REDCap forms,
and code for creating the interactive graphs are available on
GitHub [24].

To gauge user experiences of the TLC, a subset of 338
participants were asked to provide quantitative usability ratings,
including the pleasantness of theinterview, usefulnessfor better
understanding their mental health, and how likely they would
be to recommend the TLC to others. Open-ended questions
were subsequently asked to gather qualitative feedback about
the TLC. These questions included asking participants to
elaborate on what was hel pful and unhelpful and what they liked
and disliked and to provide any other information they thought
we should know about their experience. Interviewers made notes
concerning the participants’ responses, and thus, the comments
are paraphrased rather than being verbatim responses from
participants. The authors identified examples of positive and
negative commentsthat were hel pful in considering the potential
utility of the TLC aswell as potential improvements that could
be made. Herein, we report the quantitative and qualitative user
feedback obtained from participants. For the qualitative
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feedback, we provide illustrative excerpts highlighting
participants’ subjective experiences with the TLC concerning
(2) insight into the trgjectory of their mental health symptoms,
(2) self-awareness of resiliency, (3) user feedback on the
structure of the TLC interview, and (4) negative aspects of the
TLC. We also provide a complete listing of all qualitative
participant feedback obtained from participants.

Statistical Analysis

Quantitative analyses focused on evaluating (1) general mood
ratings (mood), (2) the number of bad minus good events
(bad—good), (3) the number of drug types exposed to (substance
use), (4) the number of mental health treatments received
(treatment), (5) the number of peoplethey felt closeto (people),
and (6) the number of hobbies reported (hobbies). The number
of residences was entered inconsistently by research personnel
and was, therefore, not analyzed. We applied generalized linear
mixed effectsmodels (GLMMs) on each outcome measure using
all available datafrom each epoch. Fixed effectsincluded epoch,
diagnostic group, age, and sex. The choice of distribution (eg,
Poisson vs negative binomial for count data), whether toinclude
epoch-by-group interaction effects, and method of capturing
temporal dependency (random subject intercept or first-order
autoregressive correlations) resulted in several combinations
(see Multimedia Appendix 3). The optimal model was
determined by the Akaike Information Criterion (AIC).
Statistical analyses were conducted in R (version 3.5.0) [25]
using the giImmTMB [26] package for GLMMs and the sjPlot
[27] package for visualization of parameter estimates and
conducting the likelihood ratio tests to test for significance of
fixed effects. In addition to providing P values for significance
testing, incidence rate ratios in log scale, that is, fixed effect
coefficients from GLMM, were displayed to provide an
indication of the magnitude of the effectsidentified. The R code
used for analysis can be found through the Open Science
Framework [28].

Results

Individual Tulsa Life Chart Examples

Case 1 isincluded to illustrate the TLC at the individual level
(Figure 1). Cases 2 to 4 are presented in Multimedia Appendix
4. Interactive TLCsfor all 4 casesare available at [24]. In each
graph, a top panel displays the average mood rating for each
epoch (gray line). Positive, negative, change, and other events
are plotted such that the vertical location represents the
magnitude of the event-related mood rating, and the horizontal
location represents the event date. In the interactive graphs,
scrolling the cursor over each event displays additional details
(eg, description, rating, and duration). A bottom panel displays
information for each of the life components assessed (substance
use, treatment, people, hobbies, jobs, schools, and residences),
with the length of each box representing the event duration. A
left-hand pane allows the user to selectively display/hide aspects
of each graph. At the top of the page, a dropdown menu titled
Overall Graphsdisplaysindividual case information alongside
averaged group data, providing additional context for evaluation
and interpretation.
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Case 1 is a 54-year-old African American female. She was
adopted at birth and raised by her adoptive parents in Jackson
City, FL. At age 5 years, her adopted father reportedly took all
the money out of their bank account and left. Her mother
subsequently struggled financially and was evicted from multiple
houses. She lived in a mobile home with no running water or
electricity throughout high school. At age 14 years, aclassmate
was abducted and raped in an areanear her school. It was about
this age when she first began experiencing depression and
suicidal thoughts. At age 17 years, she ran away from home
and stayed with friends for about 1 month. She managed to
obtain an academic scholarship to attend a private high school,
and while there, she completed the requirements for her last 2
yearsin 1 year. Shereported having an abortion at age 19 years.
Sheindicated that she barely managed to obtain passing grades
throughout college and graduated at age 23 years. Soon after,
she married her first husband and began working as a human
resources administrator. Her husband was physically abusive
throughout their marriage. At age 25 years, she began drinking
alcohol daily (1-2 glasses of wine). At age 28 years, she got
divorced, quit her administrative job, and started working as a
yoga instructor. Soon thereafter, she sought outpatient therapy
for anxiety. At age 30 years, she moved to Tulsa, OK, and
started working for a cellular phone company in the resource
planning department. After experiencing sexual harassment
from a supervisor, she resumed drinking alcohol daily (1-2
glasses of wine per night). At age 32 years, shewas hospitalized
inapsychiatric facility for 2 weeks after presenting to her local
emergency department reporting suicidal ideation. During her
inpatient stay, she was diagnosed with MDD and prescribed
sertraline and bupropion. After discharge, she attended
outpatient psychotherapy weekly for approximately 6 months
and received medication management from a psychiatrist. At
age 33 years, she married her second husband with whom she
had 3 children. After her last son was born, she quit working to
stay at homewith her children. Shedivorced her second husband
at age 45 years. Since then, she has worked in accounting at a
hardware store and runs her own business. At age 51 years, she
moved to Skiatook, OK, and met her current boyfriend, with
whom she enjoystraveling. Six months ago, she stopped taking
her sertraline and bupropion because of side effects (“feeling
like a zombi€”). Her anxiety and depression subsequently
increased and continues to the present time.

As observed within the TLC graphs, case 1's mood decreased
in childhood when her father left her family but continued to
worsen into young adulthood and never completely recovered
(despite engaging in treatment). She did not report many hobbies
in her past but consistently obtained long-term employment at
several places (each lasting >2 years). Although she did not
report being close to many people in the past, she named 3
friends she currently feels close to. She has had very little
exposure to drugs of abuse, with the exception of alcohol. Her
scores on screening measures were as follows: SCOFF=1,
PHQ-9=14, OASIS=11, and DAST=0, suggesting elevations
in anxiety (severe) and depression (moderate) symptoms.
Through the MINI, she was diagnhosed with MDD, recurrent;
generalized anxiety disorder; and panic disorder without
agoraphobia.
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Figure 1. Imagefrom theinteractive TulsaLife Chart for Case 1, from the major depressive disorder comorbid with anxiety disorder diagnostic group.
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Table 1. Average responses to the feedback questionnaire concerning the Tulsa Life Chart.
Question Rating (scale 1-5)
Mean (SD) Median

How was your experience of completing the life chart? (Anchors: Very unpleasant, unpleasant, neutral, pleasant, very  3.73(1.10) 4
pleasant)

How helpful was completing the life chart in better understanding your mental health? (Anchors: Not at all, slightly, 3.07(1.26) 3
somewhat, moderately, extremely)

How likely would you be to recommend the life chart to others with mental health concerns? (Anchors: Not at all, 342085 3
slightly, somewhat, moderately, extremely)

Textbox 1. Perspectives about the Tulsa Life Chart by individual participants.

As part of the Tulsa Life Chart (TLC) feedback questionnaire, 338 participants were asked to provide qualitative input concerning their experience
with theinterview. Below are paraphrased excerpts from these responses, organized by themesrelated to (1) theinsight they experienced, (2) observations
of resilience, (3) comments about the structure of the TLC, and (4) comments concerning potential negative aspects of the TLC.

Insight

. “Thelifecharting allowed me to look at each event that has happened in my life and think about how it affected me. It gave me a base to work
from in my therapy.”

« “It took one question to hash open my upbringing, and it made me think that if one question could open my mind that much then seeing a
psychiatrist could be helpful. It makes it easier to heal when you can understand things, when you know the why behind something. Now | feel
like | can move on easier and put things to rest.”

« “Ithelped meto recall certain life events and see a correlation between those events and my substance use, or thought patterns emerging that led
to my substance use.”

o “[Thelifechart] helped me understand my depression alot more because |'ve never sat down and reviewed the different events in my life that
may have contributed to it.”

o “l'would like to keep up with this, maybe informally through ajournal or documenting in some way.”

Resilience

«  “Reflecting on al the memoriesthat make up my life changed my perspective on why I’ve struggled with depression but also made me appreciate
how resilient | have been in spite of those things.”

«  “Lifecharting was helpful to realize how much | have conquered in my life and helped me understand how resilient | have been.”

« “I thought it was helpful to see how strong | was and how | overcame the bad things that happened.”

Structure

« “l enjoyed talking about both the ‘ pros and cons’ of each life period and talking about both the good and bad.”
«  “lliked the structure of the interview; having life broken down into each section made it easy to remember.”

« ‘I liked life charting because it lets you see your life through awindow, it allowed me to do great reflection.”

e “Going through my lifein alinear way puts things in a more organized perspective.”

Negative aspects
« “ldid not like how long the interview was;, the process was overwhelming at times.”
o “l'wish | would have known ahead of time what the questions were.”

o "I felt frustrated when | wasn’t able to give precise dates.”
. “ldidnot like having to talk about the negative events that occurred throughout my life”

«  “l did not like having to share my story with a stranger.”

. ronounced in later epochs (Figure 2). ED also reported reduced
Group-Level Analysis Emod ratings, but vm(r)] the(mgst rot)>ust decreazgco observed in
For GLMM analysis of mood ratings, the model selected by  high school years. For SUD, decreases in mood ratings did not
AIC identified epoch by diagnosis interactions (x%5=118.0; occur until young adulthood. For bad-good events, the model
P<.001). Specifically, MDD and MDD+ANX reported reduced ~ selected by AIC also identified epoch by diagnostic group
mood ratings starting in elementary school, which became more
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interactions (x%ss=339.0; P<.001; Figure 3). Specifically, ANX,
MDD, and MDD+ANX exhibited greater bad-good event ratios
compared with HCs, most robustly in later epochs (ie, the 35-45
years age range). The ED group exhibited the most bad-good
events in middle and high school years. For SUD, the most
bad-good events occurred during young adulthood and ages 25
to 35 years. For substance use exposure, the model selected by

AIC indicated diagnosis (x25:210.0; P<.001) and epoch main
effects (x%,=1169.4; P<.001), characterized by the greatest level

of substance use reported for all psychiatric groups (but most
robustly for SUD) compared with HCs and for high school and
young adult epochs (see Figure 4).

Aupperle et a

As shown in Multimedia Appendix 3, the models selected by
the AIC for mental health treatment, social support, and hobbies
indicated diagnosis and epoch main effects. Greater treatment
seeking was observed for all psychiatric groups compared with
HCs and for later epochs (Multimedia Appendix 3 and Figure
1). Less socia support was observed for MDD, MDD+ANX,
and SUD (but not ED) and for elementary through young
adulthood (M ultimedia Appendix 3 and Figure 2). L ess number
of hobbies were observed for MDD and SUD, and the greatest
number of hobbies were reported for elementary to young
adulthood (Multimedia Appendix 3 and Figure 3).

Figure 2. Average mood rating by epoch (left panel) and regression coefficients from generalized linear mixed effects models (right panel). Error bars
on the left graph represent standard deviation; error bars on the right graph represent 95% Cls; positive valuesin orange, negative valuesin green), with
P value thresholds noted with *.05, **.01, and ***.001. ANX: anxiety disorder; ED: eating disorder; HC: healthy comparison; MDD: mgjor depressive
disorder; MDD+ANX: major depressive disorder comorbid with anxiety disorder; SUD: substance use disorder.
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Figure 3. Average number of bad minus good events reported by epoch (left panel) and regression coefficients from generaized linear mixed effects
models (right panel). Error bars on the left graph represent standard deviation; error bars on the right graph represent 95% Cl s (positive valuesin orange;
negative values in green) and P value thresholds noted with *.05, **.01, and ***.001. ANX: anxiety disorder; ED: eating disorder; HC: healthy
comparison; MDD: major depressive disorder; MDD+ANX: major depressive disorder comorbid with anxiety disorder; SUD: substance use disorder.
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Figure 4. Average number of drug types exposed to by epoch (left panel) and regression coefficients from generalized linear mixed effects models
(right panel). Error bars on the left graph represent standard deviation; error bars on the right graph represent 95% Cls (positive values in orange;
negative values in green) and P value thresholds noted with *.05, **.01, and ***.001. ANX: anxiety disorder; ED: eating disorder; HC: healthy
comparison; MDD: major depressive disorder; MDD+ANX: major depressive disorder comorbid with anxiety disorder; SUD: substance use disorder.
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Principal Findings

We developed the TLC as an electronic, structured method for
assessing and longitudinally representing historical life events
acrossthe spectrum of depressivedisorder, ANX, ED, and SUD,
at individual and group levels, with the long-term goal of
improving conceptualizations concerning the development,
maintenance, and treatment of mental health by clinicians,
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patients, and family members. Within a large, transdiagnostic
mental health sample, we used the TLC to identify how
historical trajectories of psychosocial factors are influenced by
life epoch and diagnosis, demonstrating the feasibility of the
TLC through case examples, interactive TL C graphs, and patient
feedback.

Asillustrated in the cases provided, the TLC comprehensively
communicates psychosocia information through a 1-page,
Web-based graphical interface. For cliniciansin practice settings
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affording limited face time with patients [29], the TLC could
provideaquick, easily reviewablefingerprint of apatient’slife,
displaying in asingle pagethe highs, lows, and mgjor transitions.
It also allows the viewer to modify what aspects of the TLC to
view, depending on their needs, and to view the mood trajectory
of 1 patient concurrently with the average of psychiatric
comparison groups. The TLC could be useful for considering
symptom onset and trajectory, thereby informing diagnosisand
treatment selection, or facilitating deeper follow-up questions
concerning the different domains assessed (eg, stability of early
life, trauma history, and substance use). For psychologists or
other licensed psychotherapy providers, the TLC could be
integral for informing psychosocial interventions. For example,
identifying hobbies individuals used to enjoy, positive events
previously experienced, and sources of social support could be
helpful for activity scheduling (eg, for behavioral activation
therapy) [30]. Asevidenced by participants feedback, the TLC
could provide therapeutic value in and of itself by enhancing
self-awareness concerning links between life events, behaviors,
and consequences, which could potentially improve motivation
to engage with treatment. As self-monitoring is a cornerstone
of most cognitive behaviora interventions, the TLC could
provide a common platform from which to monitor mood
fluctuations and associated events or behaviors. Given the
Web-based platform, the TLC aso represents a modifiable
assessment instrument that could easily incorporate additional
information to meet the individual needs of a clinician and
patient (eg, to record cognitions, physical sensations, or other
specific symptomatology).

By administering the TLC to a large, transdiagnostic mental
health sample, we provided information concerning normative
trajectories and potential differences in these trajectories by
psychiatric diagnoses. In general, people in this study reported
worse mood and more negative (vs positive) life eventsfor later
epochs, conflicting somewhat with previous work suggesting
negative affect to peak around 20 to 40 years of age [31]. The
number of hobbies and social support peaked from elementary
through young adulthood and then exhibited a continuous
decline. Asexpected, greater substance use was reported during
young adulthood [16,32]. Numerous differences were also
observed among the different psychiatric groups. These results
support the plethora of research pointing to negative life events
as precursors for mental health disorders [33,34] and the
increased likelihood of substance use across mental health
disorders[35,36]. Patientswith MDD, MDD+ANX, and ANX
reported increases in negative life events and decreased mood
starting as early as elementary school, suggesting mood
disturbances may often preexist the young adulthood age in
which these disorders are usually diagnosed [16]. For SUD,
decreased mood ratings were not observed until young
adulthood, consistent with the most common age of onset [16].
Although all psychiatric groups (other than EDs) reported less
socia support, only MDD and SUD reported fewer hobbies
than HCs. The decreasesin leisure activitiesfor MDD and SUD
likely relate to changes in reward sensitivity and motivation
that are hallmarks of these disorders [37,38]. Individuals with
ED and ANX (with or without MDD) may retain motivation
for such activities or even be motivated to engage in activities
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as a way of avoiding feared negative outcomes (eg, failure)
[39].

Limitations and Future Directions

Given the potential positive benefits of the TLC endorsed by
participants during the usability assessment, it is worth
considering the pathway for feasible implementation and
potential limitations and obstacles. The current version of the
TLC wasadministered by bachelor's- or master’s-level assessors
and took 2 to 3 hours to complete. Although this is more
cost-efficient than assessments requiring administration by
licensed clinicians, it is still rather resource intensive. The
duration of the interview, difficulty sharing personal details
with the interviewer, and difficulty recalling events at the time
of the interview were highlighted as potential negative aspects
of the TLC by some participants. A self-administered version
could optimize efficiency, help to facilitate broad adoption by
clinicians, and potentially address some of these participant
concerns. A recent empirical study of NIMH Life Chart datain
individuals with bipolar disorder reported similar results
regardless of clinician administration or self-administration,
supporting the potential for such an approach [40]. To optimize
access and continuity of care, the TLC could be hosted on a
website for patients to complete on their own, with different
clinicians given access as needed. However, thisrai ses potential
security and privacy concerns that would need to be addressed
with information technology and informed consent methods. It
should also be recognized that recall of past events and mood
ratings could be influenced by recency effects, current mood,
or other unknown factors [41,42]. Thus, the TLC may reflect a
patient’s perception of their life history, rather than a factual
historical account. However, it is possible that after a patient
has established aretrospectivelife chart, they could continually
update the TLC prospectively as a momentary assessment tool
[43], thus enhancing the reliability of information gathered and
allowing for mutual evaluation of trgjectories by patient and
clinician over time.

The next steps in the development of the TLC are to improve
the user experience of individual patients, to investigate the
potential clinical utility of thistool from the health care provider
perspective, and to enhance the potential for acceptability,
scalability, and integration into health care settings by patients
and providers. Over the short term, this will likely include (1)
developing an interactive self-report version of the TLC that
reduces completion time, reduces the personnel cost associated
with administration, and increasesthe ability to deploy the TLC
to different clinical settings; and (2) obtaining feedback from
clinicians concerning the potential clinical utility of the TLC
(eg, by asking them to provide the TLC to a subset of patients
and assessing whether the information provided in the TLC
improved their clinical understanding of the patient or improved
their treatment delivery). In this context, clinicians could include
providersacrossthe health care spectrum, such aspsychiatrists,
psychologists, psychotherapists, primary care physicians, and
health care extenders, including nurses, social workers, and
medical assistants. Next steps over the long term include (1)
identifying waysto link or embed the TL C within the electronic
health records of health systems (eg, Epic and Cerner), which
could enhancetheclinical utility of the TLC for providersacross
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the health care spectrum; and (2) exploring ways in which the
TLC might be personalized toward life experiences, such as
enabling the linking of nonmedical data with social media
websites (eg, perhaps allowing for linking of important events
to uploaded pictures, further facilitating the tracking of important
life events).

Generalizability of Findings

In regard to the generalizability of these findings, the current
sample consisted of individuas recruited from a
community-based sample reporting clinically significant mental
health symptoms related to ANX, depressive disorder, SUD, or
ED, the latter of which was underrepresented. The sample was
somewhat overrepresented in regard to white and Native
American populations and underrepresented in regard to
Hispanic and Latino, black and African American, and other
minority populations, compared with the broader US population
[44]. The average family income for the sample was relatively
similar to national averages [45], but there were substantial
differencesin family income between participant groups (with
the substance use group reporting the lowest levels of income

Aupperle et a

group-level findings provide meaningful comparison data for
individuals with different racial or ethnic backgrounds, income
levels, or symptom profiles.

Conclusions

Understanding a patient’slife history is essential for informing
their mental health diagnosis and treatment planning. Clinicians
use historical interviews as a way to gather facts and
information, to better understand the patient’s trgjectory of
symptoms and experiences, and to build rapport by
communicating that understanding back to patients [46]. The
TLC described herein provides 1 strategy for combining the
benefits of structured assessmentswith that of amoreclinically
oriented and personalized interview. Furthermore, the TLC
allows for a 1-page graphical representation of an individual's
life history, providing an efficient method for reviewing a
multitude of other psychosocial factors often considered
important in the development and treatment of psychiatric
disorders. The TLC offersalife-charting method that isrelevant
across psychiatric conditions and hasthe potential for informing
and enhancing diagnosis and treatment.

overal). Future work is needed to establish whether these
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Abstract

Background: Identifying signs of Alzheimer disease (AD) through longitudinal and passive monitoring techniques has become
increasingly important. Previous studies have succeeded in quantifying language dysfunctions and identifying AD from speech
data collected during neuropsychological tests. However, whether and how we can quantify language dysfunction in daily
conversation remains unexplored.

Objective: The objective of this study was to explore the linguistic features that can be used for differentiating AD patients
from daily conversations.

Methods: We analyzed daily conversational data of seniors with and without AD obtained from longitudinal follow-up in a
regular monitoring service (from n=15 individuals including 2 AD patients at an average follow-up period of 16.1 months; 1032
conversational dataitems obtained during phone calls and approximately 221 person-hours). In addition to the standard linguistic
features used in previous studies on connected speech data during neuropsychological tests, we extracted novel features related
to atypical repetition of words and topics reported by previous observational and descriptive studies as one of the prominent
characteristics in everyday conversations of AD patients.

Results. When we compared the discriminative power of AD, we found that atypical repetition in two conversations on different
days outperformed other linguistic features used in previous studies on speech data during neuropsychological tests. It was also
a better indicator than atypical repetition in single conversations as well as that in two conversations separated by a specific
number of conversations.

Conclusions: Our results show how linguistic features related to atypical repetition across days could be used for detecting AD
from daily conversations in a passive manner by taking advantage of longitudinal data.

(JMIR Ment Health 2020;7(1):€16790) doi:10.2196/16790

KEYWORDS
dementia; Alzheimer disease; speech analysis; screening; monitoring; behavioral marker; daily conversation

65-year-olds[1]. Thetotal worldwide cost of dementiahasrisen
significantly, being estimated to reach over US $1 trillion in
2018 [1]. At the same time, diagnostic coverage worldwide
people living with dementiaisrising rapidly, making dementia  "émains solow that only 40% to 50% of people with dementia
an increasingly serious health and social problem. Asof 2018, ave been diagnosed, even in high-income countries [2]. The
approximately 50 million people globaly were living with low-diagnosis coverage makesit more difficult for many patients

dementia, corresponding to about 7.3% of the world's over @nd their families to receive appropriate support and care.
Taking this into consideration, health monitoring technology

Introduction

As the world's elderly population increases, the number of
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and services are expected to help increase the diagnosis coverage
by detecting signs of cognitive decline resulting from dementia
in everyday situations[3,4].

One of the clues for detecting cognitive decline resulting from
Alzheimer disease (AD) in everyday situations can be obtained
by identifying the evolution of a patient’s language astheir AD
progresses. While the most typical symptom of dementia is
memory impairment due to the medial temporal 1obe shrinking
[5,6], both retrospective analysis and prospective cohort studies
have shown that language dysfunctions prevail even from the
presymptomatic period [7,8]. Moreover, studies on
pathologically proven AD patients showed that they exhibited
syntactic simplification and impairment in lexical-semantic
processing [9,10]. A growing body of studies on probable AD
patients has also shown that many aspects of speech and
language, including grammatical and informational content as
well as acoustic characteristics such as the pitch contour, show
deficitsas AD progresses [4].

Previous computational studies attempted to measure these
language dysfunctions in AD patients on the basis of such
findings by using acoustic, prosodic, and linguistic features
[10-34]. For example, the short-term memory loss attributed to
dementia often makes normal conversation difficult due to
language dysfunctions such as difficulties with word-finding
and word-retrieving [ 35,36]. These language dysfunctions have
been measured by talying pronoun frequency and fillers,
including nonwords and short phrases (eg, “umm” or “uh”)
[13,37,38]. The reduction in speech expressiveness is another
language dysfunction typically observed in AD patients. This
reduction is measured by the decrease in adjectives and
indicators related to vocabulary richness [11,39]. Using a
combination of these features, previous studies have succeeded
in differentiating healthy controls and AD patients [22,37].
However, they mainly investigated speech data obtained while
participantstook part in neuropsychological tests such as verbal
fluency, story recall, and picture description tasks [40]. Whether
and how we can measure language dysfunctions resulting from
AD during daily conversations remains largely uninvestigated.
Because the conversational content and cognitive workload vary
in daily conversations where people do not engage in specific
tasks, we need to reinvestigate what kinds of speech features
could be useful for identifying AD patients. In terms of the
language dysfunctions of dementia patients in everyday
conversations, previous observational and descriptive studies
reported atypical repetition of words and topics as a prominent
characteristic [41]. While this repetition has been typically
reported to occur in the same conversation, it also appearsin
Separate conversations that may be held on different days.
Because it has not been objectively measured, investigating
how word and topic repetition differs in AD patients is a
promising first step.

In this study, we analyzed the conversational data of seniors
with and without AD obtained from longitudinal follow-up in
a regular monitoring service. We used natural language
processing techniques to automatically measure atypical word
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and topic repetitions and then investigated whether and how
characteristicsin topic repetition differed between seniorswith
and without AD. The results indicated that both linguistic
features related to word and topic repetition in paired
conversations on different days had better discriminative powers
compared with other linguistic features used in previous studies
on connected speech data during neuropsychological tests. We
also found that they peaked at a specific interval day (around
seven days), not at a specific number of conversations. On the
basis of these results, we demonstrate how quantifying atypical
repetition in continuous and passive monitoring of daily
conversations can help automatically detect AD.

Methods

Data and Participants

We used conversational data obtained during phone calls with
aregular monitoring service for seniors provided by Cocolomi
Co, Ltd (Figure 1A). In this service, communicators call and
talk with older individuals once or twice a week, typically for
10 to 20 minutes of free conversation. All communicators
received training and communicated with participants in
accordance with the company guidelines for encouraging
participants to speak. In this service, one communicator is
typicaly assigned to a participant, and that participant talks
with the same communicator. They manually transcribe the
conversations in a spoken-word format by omitting incompl ete
words and fillers and forward the texts to family members such
astheir children. They used either home phones or smartphones.
All conversations were conducted in Japanese. We analyzed
these transcribed text data. All participants agreed to having
their conversational data used for research purposes. This study
was conducted under the approval of the ethical committee of
Shizuoka University and performed in accordance with the
Ethical Guidelinesfor Medical and Health Research Involving
Human Subjects.

The data were obtained from 15 Japanese people (12 females
and 3 males aged 61 to 91 years; mean 76.8 [SD 9.4] years). Of
these, 2 females had received the diagnosis of AD. The
morbidity information for other diseaseswas not available. The
communicators knew the diagnosis status of the participants,
but they communicated with them in accordance with the
company guidelines and did not change conversation methods
on the basis of the diagnosis status. The follow-up period ranged
from 1 to 33 months (mean period 16.1 months). We analyzed
data from 1032 phone cals in total, and the number of phone
callsfor each participant ranged from 4 to 226 (mean 68.8 phone
cals). The average duration of a single phone call for each
participant ranged from 6.8 to 22.2 minutes (mean time between
participants 12.1 [SD 4.1] minutes). The total call time of our
dataset was around 221 hours. Transcribed text data consists of
only text spoken by participants, not communicators. The text
data contained 1098 characters on average, and we analyzed
1,132,935 charactersin total. Table 1 provides the overview of
our dataset.
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Figure 1. Atypical repetition in conversational data from regular monitoring service. A. Overview of regular monitoring service. The manually
transcribed text of the conversation was analyzed in this study. B. Schematic illustrating the paired samples of conversations separated by t days and n
phone calls to extract repetition features across different conversations. C. Repetition features of seniors with and without AD. Violin plot is used to
visualize the distribution of the data and its probability density. On each side of the violin is a kernel density estimation to show the distribution shape
of the data. The wider portion of the violin indicates the higher density and the narrow region represents relatively lower density. The grey box with
the whiskersin the violin is the boxplot. The box denotes the 25th (Q1) and 75th (Q3) percentiles. The whiskers denote the upper and lower adjacent
valuesthat are the most extreme within Q3+1.5(Q3-Q1) and Q1-1.5(Q3-Q1), respectively. The white dot in the box represents median value. Significant
differences are denoted with asterisks (* P<.001). D. AUC-ROC score of topic repetition feature with different T days.
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Table 1. Demographics of conversational data participants.
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Statusand gender ~ Age (years) Duration (months) Calls, n Call time (min), mean (SD) Number of characters, mean (SD)
Control
F 61-62 11 31 7.8(2.0) 422.7 (121.4)
F 63-64 14 32 14.0 (5.1) 1078.3 (369.8)
F 75-77 25 75 11.3(8.5) 744.8 (215.5)
F 75-75 1 4 12.8(3.1) 1365.0 (130.6)
F 78-78 9 64 10.3 (2.0) 815.2 (173.8)
F 79-80 6 23 11.7 (3.2) 1507.5 (457.4)
F 80-83 33 109 16.6 (4.7) 1499.7 (391.7)
F 82-83 19 72 6.8 (3.0) 811.2 (367.9)
F 88-89 17 104 11.2 (4.4) 9445 (314.2)
F 91-91 9 35 22.2(3.7) 2405.8 (433.2)
M 63-65 16 72 11.9 (3.2) 1146.8 (242.9)
M 67-70 33 132 10.6 (2.3) 999.4 (236.5)
M 82-85 30 226 17.7 (6.3) 1207.0 (497.7)
Alzheimer disease
F 83-84 14 40 9.5(2.8) 923.9 (409.2)
F 85-85 5 13 7.8(1.8) 662.0 (199.1)
Mean (SD) 76.8 (9.4) 16.1(10.2) 68.8(57.2) 121(4.1) 1098.0 (500.3)
Total — — 1032 13,230 (221 hours) 1,132,935

Extraction of Linguistic Features

From each item of phone call data, we extracted linguistic
features related to word and topic repetition within single
conversations, as well as the standard linguistic features used
in previous studies to build models for AD screening from
connected speech data during neuropsychological tests (for the
list of features, please see the Standard Linguistic Features
section) [10,14-34]. In addition, we extracted features related
toword and topic repetition across different conversationsfrom
the text data of two phone calls separated by t days and n phone
cals interval, respectively (Figure 1B). Specifically, we used
all possible pairs of two phone call data items separated by t
days (T-M<t<T+M) for specific daysinterval and n phonecalls
(N-M<nsN+M) for specific phone calls interval. Optimal
parameters for T (4,5,...,13) and N (3,4,...,12) were selected
by performing a grid search for each feature. In this study, we
used M=3, T=10, and N=7 for word repetition, and T=7 and
N=9 for topic repetition.

For preprocessing, we used the Japanese morphological analyzer
MeCab [42] to perform word segmentation, part-of-speech
tagging, and word lemmati zation on the transcribed texts. Words
tagged as numerals or symbolswere excluded from theanalysis.
Predefined stop words were also eliminated.

Word and Topic Repetition Features

We measured word repetition by using the feature focusing on
the number of distinct words being used in a target document.
Specifically, the feature was calculated by the inverse number
of Honoré's dtatistic (HS) [43], defined as
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HS=100logV/(1-V,,,/U), where V isthe total number of words,
U is the total number of distinct word types, and V,,, is the
number of total distinct word types used only once. For the
feature rel ated to word repetition acrosstwo text data of different
conversations, we combined the data of both texts and then
extracted the feature from it.

For the features related to topic repetition, we used a biterm
topic model (BTM) [44]. While conventional topic modelssuch
as latent Dirichlet alocation have typicaly been used for
estimating the latent topics of conversations [45], BTM was
designed to extract latent topics from a limited amount of
context, such as that found in tweets and news headlines [44].
Accordingly, we used BTM for estimating the topic in sentences
and then extracted features related to topic repetition within
conversations. Specifically, we first divided a text document
into sentences by using punctuation marks. We then applied a
BTM to a set of al the sentences, extracted word probability
vectorsfor each K topic and obtained topic proportionsalocated
to each | sentence. For example, when atext document consisted
of L sentences, we obtained L-+1 vectorsfor topic proportions.
We calculated pair-wise similarities with Euclidean distance
and used the inverse number of the mean value as topic
similarity features within single conversations. For the topic
similarity features across two different items of text data D; and
D;, we calculated pair-wise similarities between topic
proportions in D; and D; and used the inverse number of the
mean value. The parameters K=200 and |=3 were used.
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We briefly describe how BTM works. In contrast to
conventional topic models such as latent Dirichlet alocation
[45], BTM directly modelsthe generation of word co-occurrence
patterns in the whole corpus to estimate topics from a small
amount of context in a document [44]. The key concept is that
if two words co-occur more frequently, they are more likely to
bel ong to the sametopic. Theterm biterm denotesan unordered
word pair occurring in a short text. For example, a document
with three distinct words generates three biterms:

(W, Wy, W) { (W, Wp), (Wy, W), (W, W3)}.
In general, a document containing n distinct words generates
nC, biterms. The biterms are typically extracted from each
sentence, and by combining them we get a corpus B for the
target document as aset consisting of || B || biterms. With the
BTM, itisassumed that each topicisamultinomial distribution

Figure 2. The equation of the probability of biterm bi.

K
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over the biterm (¢), and the whole corpus is a mixture of these
topics (8). The process of extracting biterms can be conducted
asfollows:

1. Draw atopic distribution 8 ~ Dirichlet (a) for the whole
Ccorpus.

2. Draw a topic-specific word distribution ¢k Dirichlet (3)
for each topic k.

3. For each biterm bi in the whole biterm set: Draw a topic
assignment z ~ multinomial (8). Draw two wordswi, 1, wi,2
~ multinomial ($Zi).

Following the above procedure, the probability of biterm

b,=(w;,1, Wi,») conditioned on the model parameters 6 and a can

be written as seen in Figure 2. For more details, we refer the
reader to the original paper [44].

p(b; 16, ¢) = Z p(z; = kl6y) - p(wislzi = k, drws1) - P(Wizlz = k, by, ,)-

K=1

Standard Linguistic Features

On the basis of related work on connected speech data during
neuropsychological tests, we extracted 29 linguistic features
categorized into 4 types of linguistic features that would be
useful for inferring AD: parts of speech, vocabulary richness,
syntactic complexity, and perseveration [10,14-34]. Here,
neuropsychological tests in previous studies include a picture
description task using a picture of the Cookie Theft,
comprehensive aphasiatest, and the Wechsler Logical Memory
tests [46-48].

The first feature set, related to parts of speech, consists of 14
features: frequency and the ratio of part-of-speech tags. We
extracted the part-of-speech information by using Mecab [42]
and then computed the frequency of occurrence of different
parts of speech (nouns, verbs, adjectives, auxiliary verbs, and
conjunctions). We also computed ratios, namely, each part of
speech normalized by the total number of word tokens in the
document. Analyzed part-of-speech tagsincluded nouns, verbs,
adjectives, pronouns, adverbs, auxiliary verbs, and conjunctions.
We also calculated the ratio of noun to verb and the ratio of
pronoun to noun.

The second feature set, related to vocabulary richness, consists
of 3 features: type-token ratio (TTR), Brunét'sindex (BI), and
HS[11,43]. This feature set measures lexical diversity, which
tendsto decreasein AD cases[11,13]. TTR compares the total
distinct word types (U) to thetotal word count (V) as TTR=U/V.
Using the same U and V, BI is defined as BI=VY 2% Unlike
other measuresrelated to vocabulary richness, for thismeasure,
thelexical richness becomes greater as Bl becomessmaller. HS
gives particular importance to unique vocabulary items used
only once, also known as hapax legomena V. HS is defined
as HS=100logV/(1-Vi/V).

http://mental .jmir.org/2020/1/e16790/

The third feature set, related to syntactic complexity, consists
of 7 features related to length metrics as well as dependency
relations. For features related to length metrics, we calculated
4 measures consisting of mean length of sentences, total number
of sentences in a document, total number of words in a
document, and total number of characters in a document. For
features related to dependency relations, we calculated total
number of dependencies in a document, the average
dependencies per sentence, and total dependency distancein a
document. Asfor the dependency structures, we used CaboCha
[49]. Dependency distance was calculated by the sum of all the
linear distances between 2 syntactically related words in a
sentence. This dependency distance has been considered an
important index of memory burden and an indicator of syntactic
difficulty [50].

The final feature set, related to perseveration, consists of 5
features. First, sentences were converted into term
frequency—inverse document frequency (TF-IDF) vectors by
using abag-of-wordsmodel [51]. TF-IDFisanumerica statistic
intended to reflect how important aword isto a document. By
using TF-IDF vectors, we then calculated the cosine similarity
between sentences [51]. We then calculated the proportion of
sentence pairs equal to 0 and below 2 thresholds (0.3, 0.5) as
well as the minimum and average cosine distances across all
pairs of sentences.

Statistical Analysis

All statistical analyses were done in the R environment (R
Foundation for Statistical Computing). A 2-tailed Student t test
was applied for each feature to determine significant differences
of enrichment between the two populations, and the resulting
P vaues were adjusted with Bonferroni multiple testing
correction. Adjusted P values below .01 were considered
significantly different.
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Results

We first investigated whether and how each of the 6 types of
featuresfor measuring repetition differed between seniorswith
and without AD: 2 repetition types (word and topic) x 3 data
sources (single conversations, 2 different conversations
separated by t days, and 2 different conversations separated by
n phone calls). Thediscriminative power was measured by using
both effect size (Cohen d) [52] and AUC-ROC. For Cohen d,
an effect size of 0.80 is considered large, 0.50 is medium, and
0.20 is small [52]. ROC is a graphical plot that illustrates the
diagnostic ability of abinary classifier system that rangesfrom
Oto 1.

Results showed that all 6 features had significant increased
repetition in the AD group with large effect size (P<.001,
2-sided t test with Bonferroni multiple testing correction; Cohen
d >0.80; Figure 1C). When we compared the discriminative
power among them, the feature related to topic repetition across
2 conversations on different days showed the highest AUC
scores and largest effect size (AUC=0.91); effect size of —1.76,
95% Cl —2.15 to —1.36; Table 2). In addition, the features for
word and topic repetition across different conversations
separated by specific daysinterval and phone callsinterval had
larger effect size and higher AUC scores compared with those
insingle conversations (Table 2). We al so found that the features
extracted from conversational data at t days interval had better
discriminative power than those at n phone callsinterval (Table
2).

To deepen our understanding of the nature of repetition features
across different days, we investigated the relationship between
the discriminative power of the repetition features and interval
days of paired conversations. Results showed that after they
increased in the beginning, they peaked at around T=7 daysand
then had a tendency to decline (Figure 1D). This suggests that
the difference of topic repetition between seniors with and
without AD might change with a certain tendency, rather than
randomly, with intervening daysfor two different conversations,
and be the largest in the medium interval.

We next compared the repetition features with the standard
linguistic features that were typically used in previous studies
on connected speech data during neuropsychological tests
[10,14-34]. Specifically, we extracted atotal of 29 features used
in previous studies. 14 features related to part-of-speech
distribution, 3 featuresrelated to vocabulary richness, 7 features
related to syntactic complexity, and 5 features related to
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perseveration. We found that 13 of the 29 features showed a
significant difference between healthy control and AD groups
in our dataset of daily conversations (P<.01, 2-sided t test with
Bonferroni multiple testing correction; 11 out of 14 features
relating to part-of-speech distribution, 1 out of 3 featuresrelating
to vocabulary richness, 1 out of 7 features relating to syntactic
complexity, 0 out of 5 featuresrel ated to perseveration; for exact
P values see Multimedia Appendix 1). Through a comparison
of discriminative power, we found that both topic and word
repetition features across two conversations on different days
outperformed all 29 features used in previous studies in terms
of AUC-ROC scores (Table 2 and Multimedia Appendix 1),
followed by conjunction ratio (AUC=0.89; effect size of —2.03,
95% Cl —2.33 to —1.73) and pronoun to noun ratio (AUC=0.87;
effect size of —1.94, 95% CI —2.24 to —1.64). These results
indicatethat topic and word repetition across daily conversations
on different days might be a better indicator for differentiating
AD than linguistic features used for inferring AD in
neuropsychological test settings.

Finally, we investigated how changes in the language function
of AD patients measured by linguistic features are different
during neuropsychological tests and daily conversations. First,
we summarized thelinguistic features reported to be significant
in distinguishing AD from healthy controlsin previous studies
on connected speech data during neuropsychological tests
[10,14-34]. For the selection of the previous studies, wereferred
to the review article [40] as the baseline and added studies.
Specifically, we considered only studies based on a group
comparison with a group of healthy controls. Only studies
focusing on connected speech through neuropsychological tests
including picture descriptions have been considered.
Semistructured or unstructured interviewsincluding open-ended
guestionswere not included. The features reported as significant
in at least half of the studies were considered as the significant
features. We then compared them with the results of statistical
analysis on our dataset of free daily conversations.

This comparison showed that 19 out of 24 features showed a
statistically consistent tendency with the results of the previous
studies on connected speech data during neuropsychological
tests (Table 3 and Multimedia Appendix 1). The other 5 features
related to part-of-speech distribution (verb frequency, adjective
ratio, and noun to verb ratio) and perseveration (average cosine
distance and proportion of sentence pairswhose cosine distance
is less than threshold 0.50) showed a statistically different
tendency.
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Table 2. Top 15 features of high discriminative power among linguistic features used in previous studies and repetition features. The table contains
areaunder the receiver operating characteristic curve (AUC-ROC) score, effect size (Cohen d) with 95% Cl, and P value of 2-sided t test with Bonferroni
multiple testing correction.

Feature type AUC-ROC®  Effect size (95% Cl) Adjusted P value
Topic repetition in two different conversations separated by t daysin-  0.91 -1.76 (-2.15t0 -1.36) 4.17E-17
terval (T=7)°

Word repetition in two different conversations separated by t daysin-  0.90 -1.67 (—2.06 to —1.29) 4.44E-17
terval (T=10)°

Conjunction ratio 0.89 —2.03 (-2.33t0-1.73) 2.04E41
Pronoun to noun ratio 0.87 —1.94 (-2.24t0-1.64) 3.17E-38
Topic repetition in two different conversations separated by n phone  0.86 —-1.35 (-1.51 to —1.20) 2.75E-67
calls (N=9)°

Noun ratio 0.86 1.38(1.09to 1.67) 4.28E-20
Word repetition in two different conversations separated by n phone  0.84 -1.22 (-1.36 to —1.08) 9.35E-66
cals (N=7)°

Pronoun ratio 0.82 -1.50 (-1.79t0o -1.21) 1.30E-23
Noun to verb ratio 0.81 0.63 (0.35t0 0.91) 2.73E-04
Honoré’s statistic 0.80 1.03(0.75t0 1.32) 1.61E-11
Word repetition in single converseti ons” 0.79 —1.08 (-1.36t0-0.79) 1578-12
Topic repetition in single conversati ong” 0.78 -0.80(-1.09t0-0.52) 7.62E-07
Conjunction frequency 0.77 -1.27 (-1.55 t0 -0.98) 4.22E-17
Noun frequency 0.75 0.71 (0.43t0 0.99) 1.66E-05
Adjectiveratio 0.75 -1.06 (-1.34t0-0.77) 5.12E-12

8AUC-ROC: area under the receiver operating characteristic curve.
bTopic and word repetition features proposed by the authors.
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Table 3. Comparison of the results of statistical analysis for the linguistic features between our study and previous studies. Our study analyzes speech
data during daily conversations, while the previous studies analyzed connected speech data during neuropsychological tests. Sig and nonsig refer to
significant and nonsignificant. For example, sig-nonsig in the inconsistent column indicates a feature that showed significant difference in the previous
studies but not in our study. Cells contain the name of the corresponding features. Features whose statistical test results were not reported in the previous
studies are excluded from this summary table. Information including P values of the statistical analysisin our study and the list of the previous studies

is provided in Multimedia Appendix 1.

Feature category Consistent (our study—previous studies) Inconsistent (our study—previous study)
Sig-sig Nonsig-nonsig Sig-nonsig Nonsig-sig
Part of speech (12) Noun frequency o Adverbratio o Adjectiveratio « Verbfrequency
Auxiliary verb frequency « Nountoverb
Noun ratio ratio
Verb ratio
Pronoun ratio

Auxiliary verb ratio
Conjunction ratio
Pronoun to noun ratio

Vocabulary richness (3) o Honoré'sstatistic .

Syntactic complexity (7) «  Meanlength of sentence (utter-

ance)

Type-token ratio — —
Brunét's index

Total no of words — —
No of sentences (utterances)

No of characters

Total dependency distancein

adocument
«  Avg dependency distance per
sentence
«  Total no of distancein adocu-
ment
Perseveration (2) — — — « Avgcosinedis-
tance
«  Cosine cutoff:
0.50
Discussion The results indicated that atypical repetition across different

Principal Findings

In response to the increasing demand for detecting dementiain
everyday situations, we aimed to quantify language dysfunctions
observed in AD from daily conversational datawhen the target
is not performing neuropsychological or cognitive tasks.
Although previous studies have succeeded in quantifying many
aspects of language dysfunction, including grammatical and
informational content aswell as speech characteristicsresulting
from AD, they mainly investigated connected speech data
collected while targetswere engaged in neuropsychological and
cognitive tasks; how language dysfunction in daily conversations
can be quantified has not been sufficiently investigated. In this
study, we focused on atypical repetition of words and topics
reported by previous observational and descriptive studies as
one of the prominent characteristics in everyday conversations
of AD patients. Using conversational data of seniors with and
without AD obtained from longitudinal follow-up in aregular
monitoring service (from n=15 individuals including 2 AD
patients at an average follow-up period of 16.1 months; 1032
conversational data items obtained during phone calls and
approximately 221 person-hours), we investigated whether and
how linguistic features related to word and topic repetition can
be used for differentiating AD patients.
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conversations could have a better discriminative power for AD
compared to that within single conversations. We assume this
atypical repetition across different conversations results from
memory impairment that prevents speakers from remembering
recent conversations. If so, the results suggest that the difference
of memory performance between AD and healthy older adults
might be larger after the lapse of some time than immediately,
and linguistic features relating to atypical repetition could
capture such difference even in daily conversations. In fact,
deficits in episodic memory are one of the earliest detectable
cognitive impairments in AD [53], and some experimental
studies on episodic memory tasks such as word-list learning
have reported that the forgetting rate passing from immediate
to delayed recall in AD was significantly larger than that in
age-matched controls[54]. These experimental studies seemto
support our results. In addition, our results suggest that interval
days between two conversations might be a more important
parameter than the number of phone calls in terms of a
discriminating power. These results might also be reasonable
if the linguistic features relating to repetition can capture
memory impairments resulting from pathological changes
underlying AD. Furthermore, recent studies have reported
accelerated long-term forgetting even in presymptomatic AD,
which has garnered increased attention to detecting
presymptomatic changesin AD [55]. From this perspective, our
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approach, which focuses on atypical repetition in daily
conversations on different days, holds promise for detecting
early signs of AD in everyday situations.

On the basis of comparisonswith the standard linguistic features
used in previous studies on connected speech data during
neuropsychological tests, we found that features relating to
atypical repetition in two conversations on different days had
better AUC-ROC scores for differentiating AD than these
linguistic features on speech data of daily conversations. The
results suggest that repetition features across daily conversations
on different days might be better indicators for detecting AD
in everyday situations. We also compared the results of
statistical analysisfor each linguistic feature between previous
studies on connected speech data during neuropsychological
testsand our studies on daily conversations and found that about
80% of features (19 out of 24) showed a statistically consistent
tendency. These results indicate that these linguistic features
could be useful for inferring AD from speech data not only
during neuropsychological tests but aso during daily
conversations. Features showing astatistically different tendency
included those related to part-of-speech distributions and
perseveration. In terms of the features of part-of-speech
distribution, adjective ratio and noun to verb ratio showed
significant difference between AD and controls in our study,
while they were reported to have no significant difference in
previous studies on connected speech data during
neuropsychological tests [15,18,22,24]. In contrast, previous
studies on speech data during semistructured interviews have
reported that these two features were significant different
[11,56]. Thus, language dysfunction in AD measured by these
two features might be discriminative, especially in conversations
inwhich the contents are less predetermined. Asfor thefeatures
related to perseveration, we found no significant difference in
our dataset, while previous work reported the statistical
significance of thesefeatures[22]. For example, one study used
these features for measuring semantic similarity using a
bag-of-words model in speech data during a picture description
task and reported a significant difference between AD and
controls [22,57]. Considering our results on the statistical
analysis for these features, when we analyze unstructured and
free conversational data such as daily conversations, language
dysfunction in AD related to perseveration might need to be
measured by combining a model for estimating the semantic
topics (eg, BTM). In fact, the semantic similarity when using
the BTM revealed a significant difference between AD and
controlsin our dataset.

In this study, we analyzed daily conversational dataand showed
that linguistic features, especialy those related to repetition,
can potentially be used for automatically detecting AD in a
longitudinal and passive manner. Indeed, speech data collected
in daily lives has gained increasing interest for clinical
applications due to the improvement in audio quality recorded
by portable devices and the expansion of voice-based interaction
systems such as smartphones and smart speakers [4,58]. In
particular, severa studies that administrated cognitive and
neuropsychological assessments over the phone have reported
that speech features could be reliably extracted from phone
recordings and used to build models for AD screening [59].
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However, there are till relatively few studies on changes in
speech featuresin daily conversationsresulting from AD. Being
capable of inferring AD from daily conversations would help
with timely detection by frequent assessments with relatively
short intervals, which might be difficult to do when using
neuropsychological tests due to learning effects. From this
perspective, we believe that the results of our study will help
promotefuture effortstoward early detection of AD in everyday
situations.

Limitations

Our work has severa limitations. First, the number of
participantswas small, especially for AD patients, although the
follow-up periods and number of conversations for each
participant were relatively long and large. The results of a post
hoc power analysis revealed that we would need at least two
additional AD patients to obtain more than 0.80 of the power.
A second limitation isthelack of information about AD severity
and stage. We analyzed conversational data collected from the
users of aregular monitoring service, and as such, were not able
to obtain information related to clinical assessments, such as
Mini-Mental State Exam scores and biomarkers (aside from
AD diagnosis provided by medical doctors). Third, the age and
gender of the control and AD groups were not matched. These
three limitations stem from the fact that our dataset was collected
from real users of an actual monitoring service. To clarify the
relevance of our results obtained from the datasets with these
limitations, we comprehensively compared the statistical results
of each of the 24 linguistic features between our study and more
than 20 previous studies and confirmed that our dataset showed
astatistically consistent tendency with the previous studies. In
addition to this perspective, because our dataset represents
invaluable data collected from a real service and consists of
1032 conversational data items at an average follow-up period
of 16.1 months, we believe our results can provide useful
information for future studies toward the early detection of AD
intherea world. The fourth limitation is the use of transcribed
conversation data after omitting information related to
incomplete words and fillers. While previous studies on
connected speech during neuropsychological testsreported that
these features did not significantly differ between controls and
AD patients [40], we feel that further investigation is required,
especialy on speech data in daily conversations. The fifth
limitation was the specific type of conversational data used. In
this study, we analyzed free conversation between older adults
and communicators mainly about the lives of the older
individuals, but we need further research to confirm our results
and extend the scope into various types of daily conversation,
such as phone call conversations with their friends and
face-to-face family conversations.

Conclusions

In summary, we investigated the daily conversational data of
seniors with and without AD obtained from longitudinal
follow-up in a regular monitoring service. We demonstrated
that, while the linguistic features used in previous studies on
connected speech data during neuropsychological tests can be
used for detecting AD from daily conversations, the novel
features related to repetition across conversations on different
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days could be abetter indicator. We believe that our resultscan  everyday situations by taking advantage of speech datathat can
help to promote future efforts toward early detection of AD in  be collected in a passive, longitudinal manner.
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Abstract

Background: Web-based information and interventionsfor mental illnessareincreasingly being provided. Thereisan expectation
that citizens have access to the internet and are competent in using technology. People with schizophrenia are often excluded
from socia engagement, have cognitiveimpairment, and have very limited income, all of which may reducetheir use of technology.

Objective: This study aimed to investigate technology access, use of digital technology, and confidence in using technology
among peopl e with schizophrenialiving in the community.

Methods: Face-to-face structured interviewswith 50 people with schizophrenia (aged 18-65 years) living in the northern suburbs
of Adelaide, South Australia, were conducted using an instrument designed to assess technology access and utilization.

Results: Most participants (42/50, 84%) owned a mobile phone, but only 58% (29/50) owned a smartphone. Two-thirds of
participants (33/50, 66%) had accessto theinternet at home, using asmartphone or computer. Moreover, 40% (20/50) of participants
used the internet at least daily, but 30% (15/50) of participants had never accessed the internet from any device. Approximately
half of the participants (24/50, 48%) had never used Facebook. Participants rarely used community facilities (eg, libraries and
cafes) to accesstheinternet. There were no significant differences (P values ranged from .14 to .70) between younger participants
(aged 18-34 years) and older participants (aged 35-64 years) in internet or smartphone access or confidence in using technology.

Conclusions: Although the sample size of this study is small, it shows limited technology access, use of digital technology, and
confidencein using technology among the participants. Thiscould be abarrier to the online delivery of information and interventions
for people with schizophrenia. To better understand the impacts of such technological disadvantage and potential disparitiesin
access and use of online resources, prospective studies should recruit alarger sample size and include control subjects matched
for socioeconomic disadvantage.

(JMIR Ment Health 2020;7(1):€11551) doi:10.2196/11551
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Introduction

Background

Electronic mental (e-mental) hedlth interventions are
increasingly being implemented to assist in the management of
psychiatric disorders and improve access to early intervention
[1,2]. Thoseinterventions apply information and communication
technology, eg, computers and smartphones, to help promote
mental well-being [1]. Although many of these interventions
are aimed at high-prevalence mental health issues, eg, anxiety
and depression [3], some specifically target people with
psychotic disorders [4]. Emerging research suggests that
engagement with cost-effective online interventions may be
feasible for adults with a schizophrenia spectrum disorder [5].
For example, Alvarez-Jimenez et al [4] used an online platform
to deliver clinical interventions to young people with early
schizophrenia. Montes et a [6] found that the use of SMS text
messages can improve antipsychotic medication adherence in
people with schizophrenia, and studies by Ainsworth et a [7]
and Ben-Zeev et a [8] demonstrated that smartphones could be
beneficial in delivering interventions to patients with
schizophrenia

A systematic review by Alvarez-Jimenez et a [5] found that
online, social media, and mobile phone-based interventions
show promise in reducing the severity of positive symptoms
and depression, reducing hospital admissions, improving social
contacts, and enhancing medication adherence. There has been
limited research on technology access (such as computers and
smartphones), use of digital technology, and the level of
confidence in using technology among individuals with
schizophrenia. Access to technology is fundamental for the
implementation of e-mental health.

In addition to potentialy limiting access to e-mental health
interventions, limited access to and use of technology could be
associated with low levels of workforce engagement [9,10],
reduced accessto essential services (eg, government departments
and financial institutions) [10] and transport systems[11], and
limited accessto social media[12]. Those factors could further
impair socia exclusion.

Miller et a [12] surveyed 80 inpatients and outpatients with
schizophrenia at a university psychiatry service in the United
States. They found that 56% of patients used text messaging,
48% had an email account, and 27% used socia networking
sites regularly. Gay et a [13] reported that of 457 people with
schizophrenia, 24% used Web-based technology to help identify
coping strategies, 42% listened to music to help block or manage
voices, and 28% used technology to set dlarmsor remindersfor
medication management. However, Gay et a [13] used an online
survey to collect this information; therefore, their sample was
biased to those comfortable with online activities and did not
include people who lacked internet access or competence using
technology. A propensity weighting method was used to adjust
for socioeconomic, attitudinal, and behaviora differences
between people who respond to Web-based surveys and those
who do not, but this appeared to be based on the genera
population rather than taking into account specific differences
between those with schizophreniaand the rest of the community.

https://mental .jmir.org/2020/1/€11551
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Torous et al [14] reported substantial differences according to
socioeconomic status. Only 33% of outpatients attending astate
mental health clinic in the United States owned a smartphone
and were willing to use it to monitor psychiatric symptoms,
compared with 72% of those attending a private clinic [14].
Glick et a [15] surveyed 100 people with severe mental illness
attending a public sector community mental health center in
Atlanta, United States. They found that 85% of their participants
had a cell phone and 37% had a smartphone, compared with
53% in a general population survey, and 44% of the
socioeconomically disadvantaged people in the general
community had smartphones. Both Torous et a [14] and Glick
et al [15] surveyed outpatient populationsthat included arange
of psychiatric diagnoses. Inthe study by Glick et al [15], 29.2%
of people had schizophrenia or schizoaffective disorder, and
Torous et a [14] did not include diagnostic information.
Similarly, Ennis et a [9] drew participants from an early
psychosis unit and from community mental health servicesin
London. They did not give detailed diagnostic information.
They found that technology use and access were similar to the
genera population. Collectively, those studies about the access
to technology and the use of technology in patients with a
schizophrenia spectrum disorder appeared inconclusive, which
suggests a need for further investigation in those areas.
Nonethel ess, those findings correspond to the findings by Firth
et al [ 16] who showed that smartphone app—based interventions
for the whole population of patients with schizophrenia are not
feasible when a significant portion of these people have no
access to a smartphone. Together, those studies have justified
the need to further investigate and understand their technology
access and use, rather than implementing e-mental health
interventions in the said population.

There are some specific aspects of schizophreniathat would be
expected to be relevant in this study’s context. People with
schizophrenia generally have some cognitive impairment [17],
which would impact the ability to learn new skills using
unfamiliar devices. Negative symptoms (eg, avolition and poor
initiative), lack of social networks [18], and paranoid ideation
[12] may also reduce engagement with technology. Furthermore,
most peopl e with psychotic disorders have very limited income
[19]; hence, the purchase of smartphones and computers may
not be possible. Libraries generally have computerswith internet
accessthat can be used by the general public, and internet access
is available in many cafes, yet the usage of these low-cost
options by people with schizophreniais not known.

This study took place in the northern suburbs of Adelaide, a
region with a low socioeconomic status. The official rate of
unemployment is 7.7%, which is higher than that in other
metropolitan areasin South Australia. Almost two-thirds (62%)
of the population had not compl eted secondary school education
[19], and in 2016, more than three-quarters (77%) of the
northern popul ation had received government benefitsfor more
than 1 year [20]. The health status of people residing in this
region is generally poorer than that of people residing in other
regionsin South Australia, with one-quarter of residents (25%)
reported to have a serious or chronic health condition [21].
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Objectives

The first objective of this study was to investigate technology
access, use of digital technology, and confidence in using
technology in people with schizophrenia living in a
socioeconomically deprived urban regionin Adelaide, Australia.
The second obj ective was to compare internet usage, frequency
of internet use, and confidence in using technology in younger
and older adults with schizophrenia.

Methods

Recruitment

For this quantitative survey study, a member of the research
team, psychiatrist (DL), identified stable outpatients with
schizophrenia attending the Northern Adelaide Local Health
Network (NALHN) community mental health center who were
interested in participating in research. Afterward, another
research team member (GW) recruited them for the study.

A total of 51 adults agreed to participate, but 1 of them was
then found to have a diagnosis other than schizophrenia or
schizoaffective disorder, resulting in the final sample of 50
adults. On participation, each participant was given an Aus $20
shopping gift card to reimburse their time. Owing to the budget
allocated for this research project, only 50 adults with
schizophrenia were recruited.

Participants and Exclusion Criteria

To ensure that participants had the capacity to consent for
participation, individual swith ahistory of moderate/severe head
injury, neurological disorders, or mental retardation (ie, 1Q<70
as determined by the National Adult Reading Test [NART]
[22]) were excluded.

Survey

Two of the research team members (GW and CG, apsychiatrist)
were responsible for the conceptualization and selection of this

Figure 1. Recruitment flow-chart for this study.

Wong et a

study’s survey constructs, based on professional experiencesin
working with outpatients with schizophrenia. In addition to the
NART, thisstudy’sinterview consisted of Peterset al Delusions
Inventory 21 [23], which measures delusion proneness. There
were a so items of demographic information and mental health
history developed from arecent Australian study, People Living
with Psychotic Illness 2010 [19]. Moreover, 80 individua
technology-related questions that were used in this study were
modified from surveys developed by Ennis et a [9],
Mufoz-Neira et a [24], and Miller et a [12]. These questions
assessed the following domains: (1) access, prevalence, and
frequency of use of computers and mobile phones in general;
(2) use of online resources (eg, banking, navigation, online
shopping, email, social media, and well-being); and (3) attitudes
to technology and self-rated competence.

For further details about this study’s survey, please see
Multimedia Appendix 1.

Procedure

The Human Research Ethics Committee of The Queen Elizabeth
Hospital, Adelaide, South Australia, approved this research
project. Before participation, GW explained to each participant
the purpose of the study, what the participation entailed, the
potential risks involved, and that they were free to withdraw
without prejudice. Each participant was also given a copy of
the study’s participant information sheet and consent form. Al
participants gave written informed consent. The recruitment
flowchart is shown in Figure 1. Individua interviews were
conducted in the NALHN mental health sites, including a
hospital-based clinical trials unit and a psychosocial
rehabilitation and day program club, by a community
rehabilitation worker (GW) under supervision. Instead of asking
the study’s participants to fill out the study questionnaire
themselves, the primary researcher (GW) interviewed the
participants as a means to gauge their understanding of the
guestionnaire questions. The interviews lasted for 45 to 60 min
each.

™ i

'FA clinical lead

™ . ™

psychiatrist (Dennis Liu|
of Northern Adelaide
Local Health Network
identified and
established a list of adult
patients with a
schizophrenia spectrum
disorder suitable for the
study, which filtered out
patients known to have
a history of moderate or
severe head injury,
neurclogical disorders,

>

Using the list, those
patients were
contacted by phone
to explain the
purpose of the
study, what the
participation
entailed, risks
involved, and their
rights to withdraw in
simple language.

=

Potential participants
were then invited to
complete the National
Adult Reading Test to
confirm that their 10
was over 70 before
participating in the
study. Each participant
was also given a copy
of the study's
information sheet and
consent form.
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Data Analysis

Chi-sguare tests were used to investigate whether younger
participants (aged 18-34 years) had better technology access
and more confidencein using technology than older participants
(aged 35-64 years).

Results

Demographics

Participants were predominantly male with schizophrenia and
were supported by government pensions. Moreover, 30% (15/50)
of the participants were aged between 18 and 34 years, 30%
(15/50) were aged between 35 and 44 years, and another 30%
(15/50) were aged between 45 and 54 years. The remaining
participants (5/50, 10%) were aged between 55 and 65 years
(Table 1). In addition, 40% (20/50) of the participants had
completed secondary school education; 52% (26/50) of the
participants used Facebook, and their mean number of friends
on Facebook was 52.86 (SD 114.58). Most participants (43/50,

https://mental .jmir.org/2020/1/€11551
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86%0) had been in contact with mental health servicesfor 7 years
or more, and 94% (47/50) of the participants took atypical
antipsychotic medication.

Owner ship of Devices and Usage

Overall, 42 participants (42/50, 84%) owned a mobile phone,
but only 29 (29/50, 58%) owned a smartphone. In addition, 26
participants (26/50, 52%) owned a personal computer, and 14
participants (14/50, 28%) owned atablet. Half of the participants
owned more than 1 device. Table 2 shows the rates of use of
technology, with 76% (38/50) using their devices at least
weekly.

Regarding smartphone use, only 44% (22/50) of the participants
had ever downloaded an app, and 38% (19/50) of the participants
used GPS or navigated using maps; in contrast, the mgjority of
the participants had used their device's calendar (35/50, 70%),
calculator (33/50, 66%), darm (30/50, 60%), and camera (31/50,
62%0). Only 32% (16/50) of the participants used their computers
for more complex tasks such as word processing.
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Table 1. Sociodemographic and clinical description of the sample (N=50).

Characteristics Value
Gender, n (%)
Male 31(62)
Female 19 (38)
Age (years), n (%)
18-34 15 (30)
3544 15 (30)
45-54 15 (30)
55-65 5(10)
Highest education completed, n (%)
Did not complete year 9 3(6)
Did not complete secondary school (year 12), no postsecondary school qualifications 25 (50)
Secondary school certificate 7(14)
Postschool qualification (trade certificate or higher) 13 (26)
Unsure 1(2)
Did not answer 1(2

Income (some had morethan 1 source of income), n (%)

Government pension 50 (100)
Full-time work 1(2)
Part-time work 5(10)
Casual work 2(4)
Financial support from family 14 (28)
Financial support from other people 3(6)

Diagnosis, n (%)
Schizophrenia 43 (86)
Schizoaffective disorder 7(14)

Duration of involvement with mental health services, n (%)

1to <3years 1(2
3to<5years 1(2)
510 <7 years 5(10)
>7 years 43 (86)
Admitted to amental health unit in the last 12 months 24 (48)

Medication, n (%)

Typical antipsychotic medication 4(8)
Atypical antipsychotic medication 47 (94)
Antidepressant medication 22 (44)
Antianxiety medication 2(4
Anticholinergic medication 2(4

Peterset al Delusions Inventory 21, mean (SD)

Total score 70.26 (13.67)

Yes/no score 7.32 (4.55)

Distress score 20.18 (15.89)

Preoccupation score 20.40 (15.81)
https://mental.jmir.org/2020/1/e11551 JMIR Ment Health 2020 | vol. 7 | iss. 1 |e11551 | p.90
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Characteristics Value
Conviction score 22.32 (16.24)
I ntelligence score, mean (SD)
Premorbid |Q (Wechsler Adult Intelligence Scale-Revised) score 103.06 (13.67)
Table 2. Accessto technology (N=50).
Level of Theuse Theuse Computer Wi-Fiac- Wi-Fi Theuse The Theuse Making Engaging Looking Frequency
frequency of any of inter- accessat cessatli- access of Face- useof of inter- online inself-de- andap- of using
technolo- net, n library or  brary or atli-  book,n  email, net pay- velopment plying  theinternet
gy de- (%) communi- cafewith  brary (%) n(%) bank- ments, N study activ- for jobs tolook up
vices, n ty center, smart- or cafe ing, n (%) itiesonling, orstud- hedth-rea-
(%) n (%) phone, n with (%) n (%) ieson-  edinforma
(%) laptop, line,n  tion, n (%)
n (%) (%)
Never 9(18) 15(30) 34(68) 43 (86) 48 24 (48) 19 28 (56) 33(66) 35 (70) 33(66) 27 (54)
(96) (38)
Lessthan 1(2) 3(6) 8(16) 4(8) 2(4) 4(9) 48 3(6) 6(12) 6(12) 6(12) 6(12
monthly
Monthly  0(0) 3(6) 5(10) 24 00 4(8) 6(12) 3(6) 4(8) 4(8) 3(6) 11 (22)
Fortnight- 1 (2) 0(0) 0(0) 0(0) 0 0(0 00 2@ 0(0) 0(0) 0(0) 0(0)
ly
Weekly 1(2) 3(6) 1(2 0(0) 0 0(0 3(6) 0(0) 3(6) 0(0) 0(0) 0(0)
More 5(10) 6(12) 24 1(2) 000) 2(4 4(8) 9(18) 3(8) 3(6) 6(12 24
than
weekly
Daily 20 (40) 12(24) 0(0) 0(0) 0(0) 12(24) 10 5(100 1(2 2(4) 1(2 4(8)
(20)
More 13 (26) 8(16) 0(0) 0(0) 0 4(8) 48 0(0) 0(0) 0(0) 1(2 0(0)
than daily
| nternet Access Digital Communication

Two-thirds (33/50, 66%) of the participants had access to the
internet at home, using a smartphone, computer, or both. In
addition, 40% (20/50) of the participants used the internet at
least daily (Table 2). However, 30% (15/50) of the participants
had never accessed the internet from any device. Community
facilities, such ascafes, libraries, and community centers, which
provideinternet access, wererarely used for this purpose by the
participants in this study.

Of the participants using the internet, 44% (22/50) used it for
internet banking and 30% (15/50) to 34% (17/50) used it for
online shopping, for making online payments, for applying for
jobs or courses online, or for engaging with self-development
activities. Only half of the participantswith internet access used
the internet for searching for local businesses (24/50, 48%) or
to plan trips (25/50, 50%). Moreover, 54% (27/50) of the
participants never used the internet to look up heath-related
information online, and 38% (19/50) of the participants reported
that they could not find an Australian website about depression.

https://mental .jmir.org/2020/1/€11551

Most participants (44/50, 88%) used mobile phones at least
weekly to make and receive cals, with a lower proportion
(32/50, 64%) using text messaging, and 38% (19/50) never used
email. Social media was not routinely used, and 48% (24/50)
and 90% (45/50) of the participants had never used Facebook
and Twitter, respectively, on any device.

Attitudes to Technology

About 1 in 3 participants were not confident with using
smartphone devices (Table 3). Fewer than half of the participants
reported that they would have trouble with their day-to-day life
if they did not have access to the internet (22/50, 44%),
computer (22/50, 44%), or their smartphone devices (21/50,
42%)).

A higher percentage of people aged 18 to 34 years used the
internet at home (11/15, 73%), used the internet daily (7/15,
47%), and had greater confidence in using a computer or
smartphone (60%) compared with people aged 35 to 64 years
(22/35, 63%; 13/35, 37%; and 29% respectively). However,
these differences between the 2 age groups were not statistically
significant (Table 3).
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Table 3. Internet usage, internet frequency, and confidence in using technology by age (N=50).

Internet usage, internet frequency, and confidenceinusing  18-34 years (n=15), n (%) 35-64 years (n=35), n (%) Chi-square(df) P vaue
technology by age
Useinternet on computer or mobile phone at home 0.2 (1) .70
No 4(27) 13(37)
Yes 11 (73) 22 (63)
Frequency of internet use 24(3) .50
Never 3(20) 12 (34)
Monthly or less 1(7) 5(14)
Weekly 4(27) 5(14)
Fortnightly 0(0) 0(0)
Daily 7(47) 13(37)
Confidencein using computer 1.2(2) .56
Not at al confident 6 (40) 13(37)
Somewhat confident 3(20) 12 (34)
Confident or very confident 6 (40) 10 (29)
Confidencein using smartphone 39(3) A4
Not at all confident 5(33) 11 (31)
Somewhat confident 1(7) 11 (3D)
Confident or very confident 9 (60) 13(37)

Discussion

Principal Findings

Overall, technology access and engagement were lower in this
study than in the rest of the Australian community. The
prevalence of owning a computer (26/50, 52%) or smartphone
(29/50, 58%) in our participants was lower than that in the
Australian population (62% and 76%, respectively) [25].
Similarly, in 2016, it was estimated that 87% of Australians
used the internet daily [26], compared with 40% (20/50) of our
participants with schizophrenia, and 50% of Australians used
social networking sites daily, compared with 32% (16/50) in
our sample. Approximately 30% (15/50) of our sample had
never accessed the internet.

Our results showed that most participants were only using
certain device functions (eg, calling and SM'S text messaging)
and rarely used other functions of digital technology (eg, internet
banking, social networking, self-development, health
maintenance, and navigation). There was little use of e-mental
health therapeutic interventions or psychoeducational sites.

Some studies provide smartphones to enable participants in
research projectsusing e-mental health interventions. In contrast,
participants in other research projects are required to use their
own smartphone. Treisman et al [25] attributed the lack of
engagement with technology by some peoplewith schizophrenia
to the cost of devices and lack of skills. Glick et a [15] argue
that smartphones and internet plans are becoming affordable,
but people with psychoses often describe living in poverty. In
an Australian survey in 2010, 12% of the study samplereported
having run out of food in the previous 12 months, and not having
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money to buy more[12]. In addition, it is possiblethat the costs
associated with atechnology device [27], alack of knowledge
about what deviceto buy, and how to set up internet access may
be barriersto use. Furthermore, cognitive impairment is a core
symptom of schizophrenia[28,29], so learning to use unfamiliar
devices and to acquire technology skills could be challenging.

Increasingly, social engagement occurs via social media, and
information from a wide variety of sourcesis provided online
rather than using more traditional methods of communication.
Many people with psychosis, including schizophrenia,
experience socia isolation [30,31], potentialy with a lack of
meaningful social participation. It appears that one-third of the
participants would be unable to engage in social media
However, less than half of the participants showed that they
would never struggle with their daily lifeif they had no access
to the internet, computer, or their smartphone. Although the
rationale was not investigated, such phenomenacould berelated
to an adaptation to live without those technologies or the
individual’s regular psychosocial rehabilitation support, which
may include side-by-side assistance for activities of daily living
offered by mental health support workers and clinicians,
reducing the need to use technologies independently.

This study provides data on the level of access to digital
technology and the self-reported confidence among adultswith
schizophrenia living in a socioeconomically deprived urban
region in Australia. These findings may have implications for
the design and scope of delivery of e-mental health interventions
for this particular population, especialy when there are e-mental
health interventionsthat target psychoeducation (viatheinternet)
and medication adherence (via SMS text messages) [32]. Yet,
using e-mental health interventions requires a certain level of
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technology access, use, and confidence. When patients with
schizophrenia do not use digital technology or lack the
confidence to use it, they may not be able to fully use those
e-mental health interventions.

Future Directions

Prospective studies may need to address barriers that prevent
greater engagement with technology inthis population, including
paranocia [12], mistrust of devices, and access to the internet.
Further research could also examine the barriers to accessing
theinternet in public areas (eg, public libraries), given that these
resources were rarely used. Needless to mention that, in the
NALHN'’s service catchment area, at least three libraries with
free internet access and training are located within walking
distances to the corresponding major shopping centers and
supermarkets. This is particularly concerning, as the cost of
purchasing devices and maintai ning internet access may simply
be too expensive for many people with schizophrenia, and these
free services may be a useful means of access. Specific
familiarization programs are needed to help with awareness of
these facilities and with feeling welcome when attending.
Ultimately, improved access and encouraging patients with
schizophrenia to learn how to use technology may promote a
greater range of technology uses, potentially including
therapeutic interventions.

Wong et a

Limitations

The small sample size of this study limits generalizability. In
addition, instead of assessing real-time usage and skills as a
technology literacy assessment, this study relied on self-reported
frequency of technology usage. This study did not assess
technology literacy. In other words, this study did not capture
the extent to which participants could carry out atask, eg, asking
them to navigate a website, perform a search, and note any
difficultiesthey encounter. Nonethel ess, thisresearch hastapped
into the participants’ confidence level regarding technology
use. Future research could aso include an economically and
demographically matched healthy control group to more
thoroughly examine factors unique to individuals with
schizophrenia.

Conclusions

In conclusion, digital technology use and internet access were
limited in this population. This may be addressed via the
delivery of training to increase individuals' confidence in the
use of technology. This training may be required before the
online delivery of e-mental health interventions can be widely
used in people with schizophrenia. Further research should
examine the extent to which paranoia, cognitive deficits, and
poverty limit people with schizophrenia from engaging with
e-menta health interventions, smartphones, and computers to
improve their mental health.
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Abstract

Background: Suicide prevention remains challenging among youth, as many do not disclose suicidal ideation. Nearly one-third
of American Indian and Alaska Native (Al and AN, tribal, or native) youth see concerning messages on social media at least
weekly.

Objective: To prepareadultsto support Al and AN youth who post or view concerning messages, our team designed an hour-long
training: Responding to Concerning Posts on Social Media. This study tested the usability, appeal, and impact of the training.

Methods: A purposive sample of 70 adults was recruited to participate in the pilot, which included 2 study arms. Arm 1
participants completed a 30-min training video and reviewed accompanying handouts, including the Viewer Care Plan (VCP).
The VCP provided a 3-step planning and response tool: (1) Start the Conversation, (2) Listen, Gather Information, and Assess
Viewer Experience, and (3) Plan and Act. The intent of the VCP was to support and connect Al and AN youth who either view
or post concerning messages on social media to life-saving resources. Those enrolled in arm 2 participated in an additional
interactive role-play scenario with a coach that took place after the training, via text message. Participants provided qualitative
and quantitative feedback on thetraining’s relevance, appeal, and utility. Paired t tests were used to assess confidencein addressing
concerning posts between pre- and postsurveys. Content analysis of the role-play transcripts was used to assess the quality and
completion of the coached role-plays, in relation to the recommended VCP.

Results: Altogether, 35 participants finished the training and completed pre- and postsurveys; 22 participants completed the
6-month follow-up survey. Pre-post analyses of differences in means found significant improvement across severa efficacy
measures, including confidence starting a conversation about social media(P=.003), confidence contacting the person who posted
something concerning (P<.001), and confidence recommending support services to youth who view (P=.001) or youth who post
concerning messages (P<.001). Similarly, pre- to 6-month analyses found significant positive improvement across multiple
measures, including confidence contacting the youth who posted (P<.001), confidence starting a conversation about social media
with youth (P=.003), and an increase in the number of experiences recommending resources for youth who viewed concerning
social mediaposts (P=.02). Of the 3 steps of the V CP, the least followed step in coached role-playswas sharing tools and resources,
which isapart of the third Plan and Act step.
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Conclusions: Findingsindicate that the Responding to Concerning Posts on Social Mediatraining isapromising tool to prepare
adults to intervene and complete the VCP. Additional evaluation with alarger cohort of participants is needed to determine the
unique impact of the role-play scenario and changesin mental health referral rates, behaviors, and skills.

(JMIR Ment Health 2020;7(1):€14949) doi:10.2196/14949

KEYWORDS
community health education; mental health; socia networking

Introduction

Background

According to the Center for Native American Youth, suicide
prevention remains one of the most daunting challenges for
American Indian and Alaska Native (Al and AN, tribal, or
native) communities [1]. Among Native youth in Sth to 12th
grades, including teens aged 14-18 years, the past year
prevalence of suicidal thoughts, suicide planning, and attempted
suicide was nearly 15% in 2017 [2]. Consequently, suicide is
the second leading cause of death for Al and AN youths aged
10-24 years, a rate that is 2.5 times higher than the national
average [3]. Culturaly relevant interventions are criticaly
needed to stem the devastating, reverberating impact that
adolescent suicide has on tribal communities and their families

[4].

Emerging research has found that some at-risk youth disclose
depression symptoms and suicidal ideation on socia media
channels, including Facebook, Twitter, and Instagram [5]. In a
review of college-age socia media profiles, 25% displayed
referencesto depression symptoms on their Facebook page [6].
Similarly, in a 1-week period, over 200,000 publicly available
tweets included the hashtag “depression,” and approximately
3% of the tweets referenced suicidality [7]. Not only are such
references common, they can aso be linked to real-life
experiences. |n one study, participantswho displayed references
to depression on Facebook aso self-reported depression
symptoms [8]. Lay media reports and scholarly papers have
described tragic casesin which youths' social mediaposts have
indicated suicidality before attempting or dying by suicide[9].
These public social mediadisclosures provide new opportunities
to identify Al and AN youth (aged 10-24 years) at risk and
connect them to appropriate resources and support.

Social mediais used frequently by the mgjority of Al and AN
youth (aged 10-24 years) [10]. In anational survey of over 675
Al and AN teensand young adultsin 2016, nearly 30% reported
seeing concerning posts on adaily basis[10]. Further, multiple
previous studies have suggested that teens and young adults
from many communities, including Al and AN, are both able
to identify social media posts suggesting mental health issues
and willing to help intervene [11-14]. Some evidence suggests
that Al and AN youth commonly respond when they see a
concerning post. According to one survey of Al and AN youth,
among those reporting that they saw aconcerning post on social
media, half indicated they had private messaged the person,
25% commented words of encouragement, one-third talked to
the person offline, 20% did nothing, 12% liked or shared the
message, and only 10% sought help from a trusted adult [10].
It isimportant to note that, although willing, Al and AN youth
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haveindicated alack of confidencein responding to concerning
posts seen on social media[11-14]. Thereis aneed to identify
intervention partners to assist youth who observe this kind of
content.

Social media connections between youth and adults, such as
college students, areincreasingly common [15,16], and previous
research suggests approaches by which adults may conduct
conversations related to sensitive or concerning social media
posts. When it comes to discussion of posts seen on their own
profiles, teens and young adults in college have reported
willingness to discuss these posts, while indicating preferences
about who conducts the conversation and how [17]. These
preferences include having the conversation with someone the
youth knows and that the conversational style be direct and
open. Furthermore, teens and young adults in college express
willingnessto discuss concerning posts seen in electronic media
such as email [18]. These findings support the inclusion of
known, trusted adultsin conversationsto assist youth who have
seen concerning social media posts. Tribal health educators,
who are educators that work in atribal or urban setting with
tribal youth, may be ideally positioned to provide such
assistance.

Objective

Despitethefrequency of such concerning postson social media
and thewillingness of youth to discussthis content with aknown
adult, formative research with tribal health educators acrossthe
United States found that |ess than 5% felt adequately prepared
to address concerning social mediaposts[11]. Thisgap inspired
the development of a 1-hour training intervention for adults
who work with Native youth: Responding to Concerning Posts
on Social Media. The aim of this pilot study was to determine
the usability, appeal, and impact of the training on adult
participants, while identifying components of the training
amenable to improvement.

Methods

Training I ntervention

The three primary learning objectives for the training were to
prepare adults who work with Native youth to (1) identify youth
who witness concerning social media posts, |etting them know
they need not respond alone, (2) assessthose who see concerning
posts and addresstheir concerns, frustration, or fatigue, and (3)
confidently implement the Viewer Care Plan, amultistep guide
for educators to support youth who view or post concerning
messages. These objectiveswere selected after conducting focus
groups with 32 Al and AN youths in the Pacific Northwest of
the United States, which identified common themes when
responding to concerning social media posts: (1) youth
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frequently responded to concerning posts alone, (2) youth
reported complicated barriers to intervening, and (3) youth
identified resources and trusted adults they would like to reach
out to for additional support [11].

The Responding to Concerning Posts on Social Media training
intervention included four components: (1) a webinar, (2) a
video, (3) handouts, and (4) a coached role-play scenario.

Web-Based Training

The Web-based training session was created using Articulate
360 software by Articulate Global, acomprehensive e-learning
platform that allows for the creation of responsive and
interactive Web-based trainings. The 1-hour Web-based training
engaged participants through a self-paced training addressing
the three learning objectives. The video included voiced-over
narration through dlides, which was also avail able as areadable
transcript. The Web-based training sessionincluded 9 modul es:
(1) Welcome, (2) What are concerning posts? (3) Who is this
training for? (4) Training goals and overview, (5) 30-minute
videotraining, (6) Training handouts, (7) Community awareness
activities, (8) Final review, and (9) A reminder for self-care.

Interactive dides were embedded throughout the Web-based
training session to provide opportunities for reflection. The
training was self-paced and could be advanced by clicking the
next or previous buttons. A dropdown menu allowed participants
to access any part of the training at any point, making access
to specific content available for repeated review without needing
to start over, and a resource tab gave participants access to
downloadable handouts and resources.

Participants were instructed that, under the supporting materials
tab on the Healthy Native Youth website [19], they could
download two activity guides (onefor adults and onefor youth),
which could be used to increase community awareness about
concerning posts on social media. The Web-based training
session concluded with areminder for participants to take care
of themselves, encouraging them to talk with a trusted friend
or family member or alocal mental health professional if needed
and provided contact information for a clinical psychologist
involved with the study.

Video

Midway through the Web-based training session, participants
viewed a 30-minute video. The video provided an overview of
why concerning posts should be taken seriously and shared
findings from focus groups with Native youth about their
experience seeing and responding to concerning posts on social
media. The video included interviews with a Native family,
who is from an Al background, and lost a child by suicide. In
addition, the video included interviews with mental health
professional s, who shared tips and examplesfor how to support
youth and the community.

Thevideo introduced the Viewer Care Plan (V CP), athree-step
planning and response tool that could be referenced by
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participants to support youth in their community. The steps of
this tool are summarized as follows:

- Step 1 - Start the Conversation: Normalize the topic at
community gatherings and school eventsto raise awareness
about concerning posts on socia media. Let youth know
they can come to you for help, as atrusted adult.

- Step 2 - Listen, Gather Information, and Assess Viewer
Experience: If ayouth approaches you, praise their efforts
to help and assess their well-being. Let them know it can
be scary or frustrating to repeatedly see concerning
messages. Then, gather information from the viewer. What
have they already tried? Who posted the message? How
well do you know them? Do you know any trusted adults
for the youth who posted the message?

- Step 3- Planand Act: Reassure the youth that you will take
it from here. If you are comfortable contacting the person
who posted the concerning message, use the question,
persuade, refer (Question, Persuade, and Refer [QPR])
suicide intervention model. If you would prefer not to,
contact another trusted adult to create an appropriate
response plan.

The video stressed the importance of adults identifying
themselves as trusted adultsin the community whom youth can
ask for help from.

Handouts

The Web-based training session concluded with an overview
of the training handouts. These included a two-page summary
of concerning posts, exampl es of concerning messages provided
by youth during focus groups, and tips for talking about
suicidality; aone-page VCP flyer and tip card; a QPR Institute
training flyer to encourage folks to seek additional suicide
prevention training; Kognito Web-based role-play simulations
to prepareindividual sto lead real-life conversationsthat change
lives (free to tribes); a #WeAreConnected suicide prevention
rack card; abullying prevention brochure; and a cyberbullying
prevention brochure.

Coached Role-Play

After completing the Web-based training session, a subset of
participants was invited to participate in a coached role-play
scenario. The goa of the role-play was to test and improve
participants’ skills as they implemented steps in the VCP.
During the role-play, the research team played the part of a
youth who had seen a concerning social media post and was
reaching out to the participant as a trusted adult for help
responding to the post. If the participant forgot or skipped steps
during theinteraction, the research team offered promptsrelated
to important skillsin the VCP (Table 1).

At the end of the interaction, participants were emailed a
3-minute video clip of an exemplar role-play scenario, modeling
complete, successful use of the VCP.
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Table 1. Ideal responses and coaching prompts provided during the role-play scenario.
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Viewer care plan skill

Ideal response

Coaching prompt

Listen carefully and offer reassurance: Ask youth
about the concerning social mediapost(s). Acknowl-
edgethat it can be scary, stressful, and frustrating. If
relevant, discuss responder fatigue.

Gather information: What have you already tried?
Acknowledge their attempts to provide support.

Ask about your relationship to the person posting
concerning content: Arethey aclosefriend? Acquain-
tance? Family member? Avoid interpreting concern-
ing posts to decide whether or not they are meaning-
ful. Move directly to response. Do you know any
adults they would trust to help them?

Clarify your role: Be clear about how you can help.
Be sure to mention confidentiality and privacy, par-
ticularly if you areamandated reporter. Reassure the
viewer that you can take it from here.

Follow-up: Thank the youth who found the concern-
ing messagesfor reaching out and provide themwith
resources to feel more confident navigating future
concerning posts. The website We R Native has fact
sheets and videos for youth on this very topic [20],
or Facebook offers safety tools [21]

Hi I’m so glad you're reaching out. Thank
you, you are so brave.

It can bedifficult to know what to do with
concerning posts. It's great that you no-
ticed and reached out to me.

Have you said or done anything yet in
response to the post?

Did you likeit? Shareit? Message them?
Have you seen this person posting like
this behavior? I's this common for them?

Can you tell me alittle more about the
person who's posting this content?

Isthe person posting thisafriend, acquain-
tance, or somebody you know?

Do you know any adultsor trusted friends
who could help this person?

You did the right thing by reaching out.

I will takeit from here. You gave me
enough information to follow up with
their coach.

I will takeit from here. Wewon't mention
your name, they don’'t need to know that.
So you can feel assured that your privacy
will be kept.

Areyou feeling ok about the situation
now that we've had the conversation?
| want to give you afew resourcesif you
want to learn more about thistopic: link

to WRN?,

Facebook also has atool: link that you
can report concerning posts.

Aagain, thank you for reaching out and al-
ways know that you can reach out to me.
| won't share your name with anyone el se.

I’'m feeling pretty scared and confused.
I’'m not sureif | should just ignoreit, or
what. What if they do something, then I’d
feel awful.

Honestly, thisis freaking me out. | want
to say something, but just don’t know
what.

| direct messaged them like 5 times,
texted ‘em, and they continue to post de-
pressing stuff

I’'mover it, | think I'm just going to delete
them from my FB.

| tried reporting it to Facebook, but it
didn’'t seem like they did anything-it's
stressing me out.

| don’'t know who to trust, so | haven't
told anybody.

| don’'t know if it matters, but I’'m like not
really good friendswith them or anything.
| don't really know them or talk to them
in person, but | know their coach from
school. Should | tell them?

Areyou going to tell anybody | told you?
If ok, I'd like to just keep it between you
and .

So, what should | do now?

Are you going to reach out to them? |
think you'd be way better at knowing
what to do than me.

I this happens again, arethereany places
that could help me respond?

Isn't there something on Facebook that |
can useto report the post and FB can help
them out?

I’'mnot sureif | feel comfortablereaching
out if | seethisagain. Isthere something
elsel can do?

AVRN: We R Native.

Procedures

Human Subjects Protections

The study protocol was reviewed and approved by the Seattle
Children’s Research Ingtitute Institutional Review Board (IRB)
and the Portland Area Indian Health Service IRB. Data
collection took place between December 2016 and January
2018.

Recruitment

The Northwest Portland Area Indian Health Board recruited
participants over a 2-month period using an online recruitment
letter that described the training objectives and eligibility
criteria. The form was distributed using a Constant Contact
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listserv and email listserv that reaches over 750 tribal health
educators and adolescent health allies across the United States.
Those interested in participating were directed to a
SurveyMonkey link that confirmed eligibility criteria, followed
by an electronic consent form, and aform to collect participant
demographics. Demographics collected at this point included:
name, tribe, organizational affiliation, state, number of years
working with Al and AN youth, types and amount of suicide
prevention training, and mailing address for US $15 incentive.

Interest forms were completed by 50 eligible educators living
in the Pacific Northwest, including the States of OR, WA, 1D,
and by 23 educatorsliving in other regions of the United States.
Eligible participants included adults (=18 years old) who
mentored and/or regularly interacted with Al and AN youth.
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All participants indicated they had access to a computer with
internet to complete pre-post surveys and watch the video and
had access to a mobile phone that could be used to carry out
theinteractiverole-play scenario. In appreciation for their time,
participants received US $15 after completing the intervention
and US $15 after completing the 6-month follow-up survey.

I ntervention Delivery

To begin the study, the research team sent participants a
welcome email with alink to the Web-based training session
and a reminder about using their unique identification. The
training was available for participants to complete anytime
during the 3-month window. Throughout the duration of the
training period, the data manager checked for survey completion
on abiweekly basis. Nonresponders were sent tailored reminders
to complete the training and pre- and postsurveys up to four
times over 3 months.

After completing the Web-based training session with 30-minute
training video, participants were randomized using a blocked

Textbox 1. Participants were randomized into two study arms.

Kerr et d

randomi zation process, into one of thetwo study arms (Textbox
1). Those in arm 1 proceeded with completing two follow-up
surveys, the first at immediate follow-up and then again at 6
months. Aside from the follow-up surveys, participants
randomized to arm 2 received an additional email from theteam,
scheduling the coached role-play within 2 weeks of thetraining.
Each role-play was conducted with two to four researchers, who
viewed the text message exchange in real time using a SMS
dashboard and discussed possible responses before sending
them to the participant. A short video clip that demonstrates
successful application of the VCP during a concerning post
scenario was emailed to participants after they completed the

role-play.

To collect the 6-month follow-up data, the research team sent
participants tailored reminders every 2 weeks, staggered by
their training or role-play completion date, over a 3-month
period.

Study arm 1:

o  Completed 1-hour webinar, including 30-minute video training
«  Reviewed training handouts

o Immediate follow-up survey

«  Six-month follow-up survey

Study arm 2:

«  Completed 1-hour webinar, including 30-minute video training
»  Reviewed training handouts

o  Immediate follow-up survey

«  Participated in coached role-play viatext message

«  Viewed 3-minute video clip of an exemplar role-play scenario

o Six-month follow-up survey

Data Collection I nstruments and Data Handling

The pre-, post-, and 6-month follow-up survey tools were
collaboratively designed by the two research teams. The key
outcome measures for the training were changes in concerning
post knowledge, intention to intervene, and self-efficacy
associated with steps in the VCP. The surveys were collected
electronically using Catalyst software. Catalyst is the secure,
Web-based survey design and collection software used by the
University of Washington and Seattle Children’s Research
Ingtitute. The software is approved by the University of
Washington |RB and can be configured not to collect respondent
| P addresses. Pre- and postsurveyswere collected and managed
using Catalyst.

The research team randomized eligible participants using three
variables (previous suicide prevention training experience,
currentjob role, and self-efficacy), using acluster randomization
by groups, into two study arms. Participantsin arm 1 watched
the 30-minute training video and reviewed accompanying
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handouts. Those enrolled in arm 2 watched the 30-minute
training video, reviewed the training handouts, and participated
in an interactive role-play with a coach that took place after the
training, viatext message.

Variables

Participants

The presurvey collected participant demographics, including
gender, age, state of residence, race and ethnicity, and role in
their organization or community. Demographic variables were
summarized in terms of frequencies and percentages.

I ntervention Usability and Appeal

The post survey included three quantitative measures of
intervention usability and appeal, including (1) rate the quality
of the training video (scale 0-6), (2) rate the quality of the
training handouts (scale 0-6), and (3) would you recommend
the training to others (yes, no)? At the end of the survey,
participants were also asked to provide open-ended feedback
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on the (1) 1-hour webinar, (2) 30-minute video, (3) thetraining
handouts, (4) a 30-minute coached role-play scenario, (5) the
most valuable concepts or skills they acquired during the
training, and (6) other ideas or suggestions to improve the
training. Theteam synthesized open-ended responsesto identify
reoccurring themes.

Coached Role-Plays

The postsurvey included two quantitative measures assessing
the coached role-play: (1) rate the quality of the coached
role-play (scale 0-6), and (2) whether the coached role-play
improved the training experience for the participant (yes, no).
The investigators also conducted a content analysis of the
coached role-play transcripts to eval uate participant adherence
to the three steps of the VCP. A total of two trained coders
devel oped a codebook to determine adherence to recommended
V CP communication strategies. Theresearch team then viewed
the categories and coding system to verify consistency and
accuracy, before coding took place. Responses were then
analyzed across al role-play participants. The team aso
synthesized open-ended responses to survey questions, to
identify reoccurring themes.

Measures of Training Effectiveness

Analysis of measures of effectiveness included paired t tests
comparing difference of means for self-reported ratings before
and after the intervention. The difference of means for
self-reported ratings before the intervention and 6 months
postintervention was compared using paired t tests.

Analysis

Survey Data Analysis

All survey outcome variables were summarized in terms of
means and standard deviations. Absolute changes between pre-
versus postintervention were calculated and evaluated using a
paired t test. All reported P values were two-sided, and P<.05
was used to define statistical significance. Statistical analyses
were performed using SA S software, version 9.4 (SAS Ingtitute,
Cary, NC) and R software version 2.15.1 [22].

Role-Play Content Analysis

A total of two researchers conducted content analysis on the
role-play transcripts to assess participants adherence to the
skills and strategies recommended in the VCP. In addition, the
conversational style of each participant was evaluated. To
address adherence to the VCP, two trained investigators used
a deductive approach in which the VCP informed a priori
categories, that is, categories were devel oped before review of
data toward capturing items under steps 2 and 3 of the VCP,
from listen carefully to resources and tools. Items under step 1
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were omitted, as these actions were intended as approaches to
make the conversation morelikely and would take place before
the text message interaction. In addition, Contact the person at
risk was omitted because the intention was for this step to take
place after the initial conversation with the youth who viewed
the concerning post.

To evaluate conversational styles, the two researchers used an
inductive, open coding technique. Aninitial review of transcripts
led to the devel opment of categoriesinformed by the data. The
researchers used an iterative process of reviewing transcripts
and refining the codebook until the categories were finalized,
resulting in three categories. The first was Directive, in which
the participant used an authoritative tone, giving instructions
to the youth. The second was Collaborative, in which the
participant sought consensus about a plan of action. The third
was Noninclusive, in which the participant suggested a plan of
action that did not involve the youth. Conversational styleswere
not mutually exclusive; some participants used more than one.
For both content analysis techniques, interrater agreement was
calculated using a 20% subsample of transcripts. For Assess
Well-being of the Viewer and Gather Information, agreement
was 88%. For al other variables, agreement was 100%.

Results

Demographics

Eligible prospective participants (N=73) included teachers,
coaches, counselors, and tribal health personnel (personnel
working with tribal communities), with varying levels of
experience responding to someone with suicidal ideation. Most
interest form applicants reported having 10 or more years of
experience working with Native youth (41/73, 56%), followed
by 1to 5 years (16/73, 22%). Most reported using social media
themselveson adaily basis (61/73, 84%) or weekly basis(8/73,
11%). Nearly one-third (22/73, 30%) reported having no formal
training in suicide prevention or intervention skills; the
remainder identified one or more trainings, including QPR
(27173, 37%), ASIST (27/73, 37%), Kognito (173, 1%),
SafeTALK (11/73, 15%), Youth Mental Health First Aid (14/73,
19%), or Sources of Strength (2/73, 3%).

The blocked randomization process balanced the two armsin
relation to experience working with Al and AN youth,
experience using social media, and prior training in suicide
prevention. Those who participated in the intervention and
completed pre- and postsurveys were primarily female (64/73,
88%) and reported working in youth wellness or prevention;
participants aso included parents, coaches, teachers, and mental
health professionals (Table 2).
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Table 2. Demographic information for tribal health educator participants.
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Demographics

All participants (n=41)

Participants who completed  Participants who completed, pre-,
pre- and postsurvey (n=35) post-, and 6-month survey (n=22)

Gender, n (%)

Male 5(12)
Female 36 (88)
Job, n (%)

Teacher or educator 8(20)
Coach 4(10)
Youth wellness or prevention staff 20 (49)
Nurse or clinician 2(5)
Mental health professional 6 (15)
Parent 7(17)
Other 19 (39)

5 (14) 4(18)
30 (87) 18 (81)
7(20) 6 (27)
4(12) 3(14)
20 (57) 14 (64)
2(6) 3(14)
6 (17) 5(23)
6 (17) 4(18)
16 (46) 8(36)

I ntervention Usability and Appeal

The immediate postsurvey was completed by 85% (35/41) of
participants; the 6-month follow-up was completed by 71%
(29/41). Almost half of the eligible participants completed the
training intervention associated with their study arm (arm 1:
17/33, 52%; arm 2: 12/35, 34%), and 43% (29/67) completed
the 6-month follow-up survey (arm 1: 17/33, 52%; arm 2: 12/35,
34%).

On a7-point Likert scale (rating O as poor and 6 as excellent),
participants gave the training video an average score of 5.32
(SD 0.78) and the handouts a score of 5.27 (SD 1.12); all
participants indicated they would recommend the training to
others.

When asked for open-ended feedback on the training,
participants were enthusiastic about its utility and expressed
they would recommend it to their peers:

| think the video was VERY well done! The personal
experiences in the beginning with the Lukes family
really engaged me and brought the severity of the
topic home.

| thought it was really good and would like to be able
touseit for trainings of othersand referral for people.
| ama mental health practitioner suicide prevention,
intervention, and postvention, and think it would be
a valuable tool for me. Good job!

Many offered helpful suggestions to improve the training
materials:

The second half of the video could be expanded, to
include more focus on Ask About Suicide (ASK) and
QPR. Instead they were referred to and mentioned.

Perhaps if a video was made that demonstrated the
roleplay (like the one we did on the phone). That was
really, really beneficial.

https://mental .jmir.org/2020/1/€14949

Include additional visuals of emojis and statements
used by youth.

Others gave suggestions to support its dissemination in
community settings:

Adapt the video for community presentations to
educate parents and para-professionals.

Six months after participating in the training, nearly all
participantsreported benefiting from thetraining and following
its recommendations:

This training is excellent, especially for adults
working with youth in contexts beyond social services.
Being in Indian County involves many social,
economic, educational, and recreational contexts. It
isgood that it offerstraining for peopleto effectively
and proactively support our Native youth.

The training was a great tool and discussion starter
for folks in our community when | brought up the
topic.

Training Effectiveness

Our pilot evaluation of the effectiveness of thetraining included
positive changes across several measures. A significant positive
change was noted across all measures of confidence, including
confidence starting a conversation with ayouth about concerning
posts on social media, intervening when a youth witnesses a
concerning post by a family member or acquaintance, and
confidence recommending support services to youth who have
witnessed or posted aconcerning message. Finally, participants
reported improved confidence referring an at-risk youth to
mental health services. In al cases, the difference of means
between pre- and postsurvey was statistically significant, as
noted in Table 3.
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Table 3. Comparison of training effectiveness between pre- versus postintervention.

Variable Preintervention, mean (SD) Postintervention, mean (SD) Change from pre- to postin- P value
tervention, mean difference
(SD)
Difficulty supporting youth posting CsMm2 ~ 1.54(1.62) 131(1.32) 0.2286 (1.66) 42
Difficulty supporting youth who saw CSMM 1.31(1.47) 1.03(1.27) 0.2857 (1.69) 32
Confidence starting a conversation with youth  4.09 (1.92) 5.17 (0.98) -1.0857 (2.01) 003°
about CSMM
Confidenceintervening effectively whenayouth  3.63 (1.99) 5.2 (0.96) -1.5714 (1.99) <.001P
witnesses CSMM by their families or friends
Confidenceintervening effectively when ayouth  3.29 (1.99) 4,94 (1.19) -1.6571 (2.01) <.001P
witnesses CSMM by their acquaintance
Confidence recommending support servicesto  4.06 (2.06) 5.43(0.74) -1.3714 (2.13) <.001P
ayouth who witnesses CSMM
Confidence recommending support servicesto  4.37 (1.9) 5.54 (0.66) -1.1714 (1.99) 001°
ayouth who has posted CSMM
Confidence referring a poster of CSMM to a 4.06 (1.89) 5.34(0.76) -1.2857 (1.71) <.001P

mental health professional within community

8CSMM: concerning social media message.
bstatistically significant difference.

At the 6-month follow-up, we again identified positive changes
in relation to the presurvey. These included sustained positive
findings regarding contacting youth who posted concerning
messages, confidence starting conversations with youth about
concerning social media posts, confidence intervening when a
youth witnessed a concerning post, and confidence referring

https://mental .jmir.org/2020/1/€14949

RenderX

youth who posted or witnessed concerning posts to a mental
health provider. Furthermore, there were statistically significant
increases in self-reported behavior, including bringing up
concerning posts with youth and adults in their community.
Each of these changes were significant, as noted in Table 4.
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Table 4. Comparison of self-reported behavior from pre- to 6 months postintervention.

Variable Preintervention, mean (SD) 6-month follow-up, mean  Changefrom preintervention P value

(SD) to 6-month follow-up, mean
difference (SD)

In the last 6 months, how many times haveyou 0.89 (0.87) 1.39 (0.86) —0.5000 (0.86) 0o7?

brought up CSMM?2with youth in your commu-

nity?

In the last 6 months, how many times haveyou 1.04 (0.83) 1.58 (0.99) -0.5385 (1.10) 02°

brought up CSMM with adultsin your commu-

nity?

What percentage of youth believeit isappropri- 4.58 (2.89) 5.66 (2.25) -1.0769 (2.62) 047°

ate to intervene when some posts CSMM?

What percentage of adultsbelieveitisappropri- 5.89 (3.22) 6.77 (2.56) —0.8846 (2.72) A1

ate to intervene when some posts CSMM?

Confidence contacting aposter of CSMM toas-  3.74 (1.76) 5.12 (0.96) —-1.3846 (1.75) <.001P

sess their risk

In the last 6 months, how many times haveyou 1.24 (1.76) 0.74 (0.73) 0.5000 (1.58) 12

intervened when ayouth witnessed CSMM?

In the last 6 months, how many times haveyou 2.58 (3.73) 0.93 (0.98) 1.6538 (3.38) o2

recommended support services to youth when

they witnessed CSMM?

In the last 6 months, how many times haveyou 1.77 (3.15) 0.74 (0.83) 1.0385 (2.66) .06

referred support services to youth when they

posted CSMM?

Difficulty supporting youth posting CSMM 1.58 (1.63) 1.31 (1.65) 0.2692 (2.15) .53

Difficulty supporting youth who saw CSMM 1.24 (1.46) 1.00 (1.55) 0.2308 (2.10) .58

Confidence starting a conversation with youth  4.27 (1.72) 5.43(0.81) -1.1538 (1.78) 003P

about CSMM

Confidenceintervening effectively whenayouth  3.93 (1.94) 5.43(0.81) —1.5000 (2.01) <.001P

witnesses CSMM by their families or friends

Confidenceintervening effectively when ayouth  3.62 (2.03) 5.00 (1.17) -1.3846 (2.00) 001°

witnesses CSMM by their acquaintance

Confidence recommending support servicesto  4.31 (1.83) 5.50 (0.77) -1.1923 (1.79) 0020

ayouth who witnesses CSMM

Confidence recommending support servicesto  4.54 (1.78) 5.58 (0.71) -1.0385 (1.68) .004°

ayouth who has posted CSMM

Confidence referring aposter of CSMM toa  4.35(1.81) 554 (0.71) -1.1923(1.72) 002°

mental health professional within community

8CSMM: concerning social media message.
bstatistically significant difference.

Coached Role-Plays

Among arm 2 participants, 18 completed the coached role-play,
and they gave thistraining component an averagerating of 5.38
(SD 1.02). All reported the role-play improved their training
experience. Evaluation of the role-play transcripts found that
participants followed some of the VCP guidelines more than
others. All participants completed the Listen Carefully step. The
next most commonly completed step was Clarify Your Role,
taken by 89% (16/18) of participants, followed by Ask about
Relationship and Assess the Well-Being of the Viewer, both
completed by 83% (15/18) of participants. Over half (10/18,
56%) followed the Gather Information step. The Resourcesand
Tools step was followed least often (8/18, 44%).

https://mental .jmir.org/2020/1/€14949

A total of three main response styles emerged: Collaborative
(11/18, 61%), Directive (8/18, 44%), and Noninclusive (4/18,
22%), with 22% (4/18) of health educators using morethan one
approach. Collaborative approaches included shared
decision-making processes and questions posed to youth
confirming their support for a given follow-up plan. For
example, one participant asked, “Would you feel comfortable
approaching her B-ball coach...about the posts?’ Directive
approaches, by contrast, involved instructions given to the youth
about how to proceed. An example of Directive message was,
“Please be sure to contact an adult to support you—and check
back inwithme.” Finally, when using Noninclusive approaches,
participants informed youth of next steps the adult participant
would be taking without consensus seeking. One participant
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said, “I'll take care of following up and I'll talk to the coach or
someone else who can help.”

Discussion

Principal Findings

This study assessed the usability, appeal, and impact of an
hour-long training to prepare adultswho work with Native youth
to better support teens who post or view concerning messages
on social media. Three major findings emerged in addressing
this study purpose. First, participants provided feedback that
included positive reception of the training. Second, findings
supported positive effects of the training on participants
self-efficacy to address concerning social media posts. Third,
analysis of the coached role-plays yielded opportunities for
intervention improvements.

Our first mgjor finding was that participants largely regarded
the training intervention positively. After completing the
training, participants expressed enthusiasm about its content
and utility; 100% indicated they would recommend thetraining
to their peers. Participants also offered helpful suggestions to
improve the training materials, which have since been used to
make updates and enhancements to the webinar, video, and
handouts. These findings support the usability and appeal of
theintervention.

Our second major finding was that significant improvements
were noted across several measures of training efficacy that
wereretained even at 6 months, including contacting youth who
had posted concerning messages, confidence starting
conversations with youth, confidence intervening when ayouth
witnessed a concerning post, and confidence referring youth to
amental health provider. Most importantly, participantsreported
anincreased number of clinical referrals 6 months posttraining,
an important marker of training efficacy. These findings are
consistent with previous studies using training as an intervention
strategy. Previous studies supported Web-based gatekeeper
trainings as effective suicide prevention approaches, particularly
among adults serving Al and AN communities [4,23-26]. Our
findings extend this work by supporting gatekeeper trainings
as an effective approach to address concerning social media
posts viewed by youth.

Our third main finding was that evaluation of the coached
role-play revedled opportunities to improve the training
intervention. Asin our study, previous research has included a
role-play component in gatekeeper trainings to prevent suicide
[4,27,28]. Our study is unique in its inclusion of a text
message-based role-play, as well as anaysis of these
conversations' transcripts to assess training outcomes. For
example, analysis of this study’s coached role-play suggested
that participants adherenceto the VCP varied by step. Of note,
less than half of participants shared VCP tools and resources.
It is possible that participants felt unable to provide adequate
resources related to mental health, given that nearly athird did
not have previous formal training in suicide prevention or
intervention. An alternate possibility isthat adults may overlook
thisstep in ensuring that they contact the youth who created the
concerning post. Nevertheless, providing resources and tools
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to the youth who identifies the concerning post may beacritical
task. Previouswork has suggested that youth viewing concerning
posts often do so alone, and they report a need for resources
when they encounter such Web-based content [11]. Thus, future
research is needed to examine barriers adults may face in
offering resources during conversations about concerning posts,
such as experience with formal training related to suicide
prevention or intervention.

Further, analysis of the coached role-play revealed three
communication styles when responding to youth who had
viewed concerning posts: Collaborative, Directive, and
Noninclusive. One possible explanation for the emergence of
these three techniques is professional role and training. For
example, a physical education teacher or coach may approach
a conversation about a concerning social media post in a
collaborative manner to provide support and encourage rapport
in absence of specific medical training, whereas a school nurse
may be more directive, having training and resources at their
fingertips. These findings are important to consider in light of
previous research on approachesto conversations about sensitive
social mediaposts. Some evidence suggeststhat college students
have preferences about how to conduct conversations related
to concerning social media content [17,18]. Thus, the manner
in which atribal health educator approaches the conversation
could have effects on the teen’'s well-being, as well as their
willingness to collaborate to find help for the youth sharing
concerning social media posts. Future research and
improvements to the coached role-play component should
address youths' preferred conversational styles and emerging
research on effective messages and communication techniques.

Since the completion of the study, the training has been made
available to tribal health educators at Healthy Native Youth
website [19]. Strong interest and utilization (with over 750
YouTube video views), suggest that this Web-based training is
an accessible, convenient format to build self-efficacy for busy
adults who work with Native youth.

Limitations

Several important limitations were present in our study design.
This study did not involve a control group and, as such, cannot
determine the true effectiveness of the training intervention.
The opt-in recruitment strategy also limits the generalizability
of our findings, as those who agreed to participate are likely
more aware of the importance of this topic than other adults
who chose not to participate. In addition, our initial sasmplesize
was small; only 85% of participants completed the immediate
postsurvey, and just over half of them completed the 6-month
follow-up survey. This may have reflected a response bias
among our respondents. In amore robust study design, special
attention should be given to improve survey response rates and
participant retention, especially if conducted over alonger period
of follow-up.

Conclusions

Findings from this pilot study indicate that the Responding to
Concerning Posts on Social Media training is a promising tool
to better prepare adultsto intervene and compl ete the three steps
outlined in the VCP: (1) Start the Conversation; (2) Listen,
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Gather information, and Assess Viewer Experience; and (3)
Plan and Act. To our knowledge, this is the first gatekeeper
training for adults that provides guidance for responding to
concerning posts on social media. Given the frequency of posts
by teensand young adultsthat express suicidality and self-harm,

Kerr et d

similar trainings for other high-risk populations. Additional
research with a larger cohort of participants is needed to
determine the unique impact of the coached role-play scenario
on skill development, and changes in mental health referral
rates, behaviors, and skills.

this training may serve as a helpful blueprint for designing
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Abstract

Background: Videoconferencing psychotherapy (V CP) isagrowing practice among mental health professionals. Early adopters
have predominantly been in private practice settings, and more recent adoption has occurred in larger organizations, such asthe
military. The implementation of VCP into larger health service providersin the public sector is an important step in reaching and
helping vulnerable and at-risk individuals, however, several additional implementation challenges exist for public sector
organizations.

Objective:  The aim of this study was to offer an implementation model for effectively introducing VCP into public sector
organizations. This model will aso provide practical guidelines for planning and executing an embedded service trial to assess
the effectiveness of the VCP modality once implemented.

Methods: An iterative search strategy was employed, drawing on multiple fields of research across mental health, information
technol ogy, and organizational psychology. Previous V CPimplementation papers were considered in detail to provide asynthesis
of the barriers, facilitators, and lessons learned from the implementation attempts in the military and other public sector settings.

Results: A model was formulated, which draws on change management for technology integration and considers the specific
needsfor VCPintegrationin larger organizations. A total of 6 phaseswereformul ated and were further broken downinto practical
and measurable steps. The model explicitly considers the barriers often encountered in large organi zational settings and suggests
stepsto increase facilitating factors.

Conclusions: Although the model proposed istime and resource intensive, it draws on a comprehensive understanding of larger
organizational needs and the unique challenge that the introduction of V CP presents to such organizations.

(JMIR Ment Health 2020;7(1):€14996) doi:10.2196/14996

KEYWORDS
implementation science; videoconferencing; psychotherapy; public sector; telemedicine; mental health

potential advantages, including increased flexibility and reach.
Moreover, VCP hasthe potential to overcome challenges, such
Background astime constraints, sphedu! ing difficulti €s, and pl ient concerns

o ) _ ) about treatment-seeking stigma, by allowing clients to engage
The provision of health care services on the Web viareal-timeé  \yith professional services in the privacy of their own home
video communl_catl onisgrowing [1,2].Inthe dellvery of menta [4-7]. Arguably the greatest advantage of VCP is its ability to
health care services, particular growth hasbeen seenintheform o evcome access-to-care barriers for those in underserviced
of videoconferencing psychotherapy (VCP) [3]. VCP IS egions This advantage makes VCP an attractive service

appealing because it emulates the face-to-face delivery of  ttering for organizations that serve geographically disperse or
traditional in-person treatment, while offering a number of

Introduction
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isolated populations, such asmilitary personnel, veterans, prison
inmates and staff, first responders, mining workers, or people
living in rural or remote locations [8-10].

Although a growing body of research has found VCP to be
effective [11], studies have aso reported difficulties
implementing the modality, with VCP researchers and experts
expressing concernsat how V CPinitiatives often fail to progress
past the pil ot phase to implementation on awider scale[12-14].
This is partly because of the nature of the organizations
themselves—large geographically dispersed health care
organizations where the complexity of implementation is often
underestimated [14,15].

It appears that introducing V CP services within organizations
already providing services can be quite disrupting as
implementation and governance of VVCP requires input from a
wide variety of parties (eg, the health care providers, funding
bodies, and software providers) and personnel (eg, clinical staff,
information technology [IT] staff, management, and policy
makers). Therefore, VCP implementation in public sector
settings represents asignificant multifaceted challenge, requiring
various changes and collaborations that have implications at an
individual and organizational level. A potential explanation for
the lack of successful widespread implementation in these
settings may be because of alack of clarity around how to best
implement and sustain VCP modalities in real-world settings.
Although considerabl e research has been conducted, examining
the effectiveness of VCP [11] and developing best practice
guidelines[16-18], there does not appear to be aclear consensus
as to how best to implement such services. This has led to
researchers calling for rigorous implementation models to be
developed and tested [14,19-21].

This Study

This paper aimed to synthesize the findings and lessons|earned
from previous implementation attempts into a cohesive and
integrated model, specifically for the implementation of VCP
in public sector organizational settings. In additionto previously
developed models and best practice guidelines, the model
proposed here draws on the barriers and facilitators for the
implementation and delivery of VCPidentified in earlier papers,
aswell as the solutions devel oped.

Methods

To develop a comprehensive and cohesive model for VCP
implementation, this study utilized an iterative search strategy
to bring together insights from mental health, IT, and
organizational psychology. As such, a broad range of search
terms, including (but not limited to) variations of
implementation, videoconference, psychotherapy, mental health,
and telehealth, were entered into searches across PubMed,
PsycINFO, and Web of Science databases. This study focused
on synthesizing the barriers and facilitators of VCP
implementation, identified in previous studies and the previous
models presented for VCP implementation in large or public
sector organizations. Our model also incorporates|earning from
other fields of research (eg, I T and organizational psychology)
in the emergent recommendations.
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Results

Brief Review of Barriersand Facilitator s of
Videoconferencing Psychother apy | mplementation

A review of the VCP literature revealed that there are several
barriers to implementing this modality in public sector
organizations. Common barriersto V CP implementation efforts
include clinician attitudes and availability, as well as
technological and logistical issues [12,22-24]. Additional
barriers for public sector organizations implementing VCP
services include concerns regarding clinical risk management
and data security, resource and funding constraints, regimented
protocols, and geographically dispersed service providers [4].
For example, Brooks et a [25] surveyed 39 stakeholders who
were involved in the implementation of VCP services for
veterans in the United States. Respondents noted many
challenges with the implementation process, including staffing
issues, setting up the VCP infrastructure, obtaining trust and
acceptance of the new technology from staff and clients, and
recruitment. Similarly, Adler et al [26] conducted a pilot study,
investigating VCP implementation for the US Department of
Veterans' Affairs (VA). Interviews with clinicians involved in
the study found that all 6 sites suffered delaysto implementation
because of unanticipated organizational constraints (eg, limited
space, misplaced equipment, and difficulties setting up and
supporting new technology). Further barriers included
inadequate staffing, delays in staff training and poor
communication with clinical personnel regarding prioritiesand
workload, as well as issues with staff changes.

Although much of the research investigating VCP
implementation has originated in the US VA [12,22,25-31],
there are severa further organizational contexts in the public
sector where VCP has been implemented, such as schools,
hospital emergency departments, and palliative care settings
[32-34]. For example, Donley et a [33] investigated VCP
implementation in an emergency department. The authors
highlighted severa factors that are important to consider in
terms of implementing VCP in this setting, such as reviewing
the technology and resources required and staffing
considerations. Furthermore, the authors highlighted that, as
theuseof VCPisarelatively new processin the ED, guidelines
and policies will need to be devel oped. The authors also noted
the importance of ensuring that the development of workflow
processes is contributed to by all the teams involved in VCP
and that this should involve clear communication regarding
roles and responsibilities.

Brief Review of Previous I mplementation Models

Shoreand Manson [10] provided an early attempt at prescribing
amodel for VCPimplementation in rural US settingsfor veteran
American Indians. Thismodel included 6 stages: (1) establishing
the willingness of the target population to engage with the
modality, (2) asurvey of resourcesrequired for implementation,
(3) consideration of the involvement of external parties, (4)
drafting protocols and assigning roles, (5) an initial pilot study,
and (6) compl ete integration within the organi zation. Thismodel
was found to be successful inimplementing and sustaining VCP
inthe US VA [10]. Shore and Manson [10] highlighted that the
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timeline for implementation at each site was largely dependent
on the participation and buy-in from staff within the various
sites. In their case, stages 1 to 4 took 12 months, whereas the
pilot study (stage 5) lasted 6 months. Thiswasthe only previous
model specific to VCP implementation found in our review.

A lack of models specific to VCP implementation has lead
organizations and researchers to adopting general
implementation and evaluation frameworks. More recent VCP
implementation studies have adopted the Promoting Action of
Research Implementation in Health Services (PARIHYS)
implementation framework [12,27,35,36]. Kitson et al [36]
summarizethe PARIHS framework according to 3 key features.

- Evidence: knowledge gathering and engaging leadership,
conducting aneeds analysis, and identifyinginitial barriers
and facilitators relevant to implementation.

- Context: investigate the quality of the environment or
setting where implementation is occurring.

- Facilitation: a strategy that alows interventions to be
tailored to enable change and make adoption of a new
practice easier.

Implementation success is then defined as a function of these
3 features and the interrel ationships among them.

The PARIHS framework has previoudly been used to implement
new services in the public sector. For example, Crowley et al
[37] conducted a pilot study to evaluate the feasibility and
effectiveness of using existing US VA clinical staffing and
equipment to deliver a home-based telemedicine intervention
for veterans with diabetes. In their study, the intervention was
implemented by members of the US VA (internal facilitators)
whilethe evaluators (external facilitators) managed the research
tasks (eg, randomization, outcome analysis) [37]. Other research
at the US VA has also employed PARIHS successfully by
dividing the facilitation role between internal and external
facilitators [27,35].

Although some studies have reported successful implementation
using PARIHS, few studies have been found to have used this
framework prospectively to design implementation strategies
[38]. Furthermore, although one of the greatest benefits of the
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PARIHS framework is its flexibility and applicability to a
variety of different contexts and settings, this can also be seen
asalimitation. A review of current eval uation frameworks found
that the PARIHS framework was not suited to guiding
evaluation, identifying key stakeholders, or generating
transferable lessons [38]. An additional limitation of PARIHS
is the lack of clarity concerning precisely how the features of
the framework facilitate the adoption of interventions on a
broader scale (ie, at the organizational level) [39].

A Proposed Model

From the broader V CPliterature and the recommendations made
from previous VV CPimplementation efforts, the following model
for the implementation of VCP in public sector health care
settings has been formulated. The model has been informed by
the latest American Telemedicine Association (ATA) and
American Psychological Association (APA) VCP service
delivery guidelines [17], as well as the PARIHS and the Shore
and Manson [10] implementation models. A detailed overview
of the model is provided in Multimedia Appendix 1, which
maps the stages and features against previous implementation
models, frameworks, and the recommendations of the ATA and
APA. Organizations wishing to follow the model can use the
V CP Implementation Checklist we developed (see Multimedia
Appendix 2).

As shown in Figure 1, the model involves 6 phases: review of
status quo, people and buy-in, evaluation plans, implementation
preparation, pilot implementation, and full implementation.
Working from top to bottom, we describe the major components
of themodel, and we providetherationale and rel evant literature
supporting each step that has been integrated into the model on
the basis of the barriers and facilitators encountered in previous
research and the model s and frameworks used to guide previous
implementation initiatives. The model was developed using the
cyclical organizational participatory research framework [40].
As indicated by the feedback arrows in Figure 1, the model
employs a cyclicad and iterative processes that enable
organizations to engage with key stakeholders and collect and
use data at each stage to help organizations reflect on and
integrate findings to improve the process.
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Figure 1. Model for videoconferencing psychotherapy implementation. V CP: videoconferencing psychotherapy.

Phase 1: Review of status quo
Meeds assessment
Assess organizational capacity
Task analysis
Feature development for VCP platform

Decision point —— Exit

|

Phase 2: People and buy-in
Recruit a VCP team
New roles and responsibilities
Develop communication strategies

l

Decision point ——— Exit
Phase 3: Evaluation plans
Implementation plan
Process evaluation plan
Outcome evaluation plan
Define exit and reevaluation points

Decision point ——— Exit

l

Phase 4: Implementation preparation
Select VCP software
Integrate new technology
Develop VCP guidelines and resources
Provide education and training

Decision point ——— Exit

|

Phase 5: Pilot implementation
Pilot implementation
Initial process-focused evaluation
Ongoing support for staff
Encourage and recruit more staff

|

Decision point ——

l

Phase 6: Full implementation
Implement organization wide
Large-scale evaluation

Exit

Improve quality

Phase 1: Review of Status Quo

A prominent takeaway from the literature is that before any
form of implementation can begin, extensive preparation is
required. Doing this work before introducing VCP alows the
challenges that have been reported in previous implementation
attempts to be identified and addressed. To achieve this, phase
1 has been divided into 4 steps: (1) needs anadysis, (2)

https://mental .jmir.org/2020/1/€14996

Decision point 1:
If no need found, exit
If need found, proceed

Decision point 2:
If VCP team unable to be recruited, exit
Once a team and communication strategy
established, proceed

Decision point 3:
If evaluation plans judged unfeasible, exit
Once evaluation plans agreed to, proceed

Decision point 4:
If no suitable VCP software available, exit
Once software is installed, policies developed and
training provided, proceed

Decision point 5:
If pilot finds VCP is not needed or not feasible, exit
If pilot provides evidence for the continued use of
VCP, proceed

organizational capacity for change, (3) task analysis, and (4)
feature devel opment.

1.1. Needs Assessment

The initial step is to confirm that there is a need for a VCP
service and that implementing such a service will fill agap in
the organization's current service offering. A forma needs
analysis can be conducted using a quantitative, qualitative, or
mixed approach [41]. As a minimum, the needs assessment

JMIR Ment Health 2020 | vol. 7 | iss. 1 [e14996 | p.111
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

should investigate the target popul ation’s experiences and needs,
as well as their service delivery preferences and self-efficacy
with videoconferencing technol ogy. The organization will then
be able to determine whether a VCP service is needed and
compatible with the organization's mission and target
popul ation.

1.2. Assess Organizational Capacity

After confirming that there is a need for a VCP service to be
implemented, the organization needs to assess its capacity for
implementation. Common barriers to the implementation of
VCP identified in the literature are technological issues,
organizational cultures, clinical workflows, and staffing issues
[29]. Therefore, this assessment will be a multifaceted
investigation of the technological, environmental, and human
resources that are currently available within the organization
and what additional resources will be required to implement
the VCP service.

Variousinstruments have been devel oped and validated to assess
an organization’s capacity or readinessto implement tel ehealth
services. A review of telehealth service implementation
frameworks[14] highlighted the readiness assessment tool that
was developed by Khoja et a [42]. This quantitative measure
covers 5 categories of implementation: core readiness,
technol ogy readiness, |earning readiness, societal readiness, and
policy readiness. Organizations should consider adapting this
tool to assess their capacity for implementing VCP.

1.2.1. Technological Capacity

Before attempting to implement VCP, the organization will
need to assess its technological capacity at the micro and
macro-level. At the microlevel, the organization will need to
ensure that they have the necessary hardware and mobile
technology, as well as sufficient internet capacity. With regard
to hardware and mobile technol ogy, the organization will need
to ensure that any existing resources (eg, desktops, laptops, and
tablets) are equipped with high definition video cameras and
audio systems (eg, microphone, external speakers, or headphone
accessories). If these features are not built into these devices,
they can be added by using external webcams and microphones
viaUSB.

At the macro-level, the organization will need to ensure that
their information and communi cation technology infrastructure
is adequate to support a VCP service. Specifically, the
organization will need to ensure that the capacity of their internet
will be able to provide uninterrupted video communication. A
minimum bandwidth of 384 kbps is recommended for
conducting VCP [16]. Importantly, the organization will need
to ensure that the equipment used to conduct VCP meets the
Health Insurance Portability and Accountability Act (HIPAA)
requirements, aswell aslocal privacy and data security policies
(more information in 4.1 Select Videoconferencing
Psychotherapy Software).

1.2.2. Environmental Capacity

In addition to ensuring the organization has the technological
infrastructure required to implement V CP, the organi zation will
also need to ensure that adequate space is available to engage
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in the modality. This may require dedicating a room to VCP.
The location chosen to conduct VCP sessions should be well
lit and isolated, to limit visual and audio distractions and assure

privacy.

The organization will also need to consider the resources
availablein the community of the target population. To engage
inthe VCP modality, clientswill require the necessary hardware
and internet capacity. If the target population is unlikely to
possess the hardware or internet capacity (alikely problem for
those living in rural and remote locations), alternative
arrangementswill then need to be considered. The organization
will need to determine whether they have the capacity to
distribute hardware to clients. If not, organizations may then
need to reach out to local community centers (eg, health clinics)
that possess the required hardware and capacity (ie, hardware,
internet, and room) to enable clientsto visit and engagein VCP
safely.

1.2.3. Human Factors

With regard to human resources, the organization will need to
consider the current capacity of its clinicians to provide VCP.
This will involve ensuring that VCP can be introduced so as
not to overload clinicians, as well as assessing their readiness
to engage in the new modality. Although similar to traditional
in-person service delivery, clinicians may not feel prepared to
engage in the VCP modality without first receiving some form
of formal training. As aresult, organizations can likely expect
clinicians who have not previously used V CP to have negative
attitudes toward the modality.

Previous research has shown that clinicians who have not
experienced VCP appear to have more concerns about its
effectiveness and the organization's need for the modality
[22,25-27]. For example, clinicians may hold concerns around
the effectiveness of the modality, impact on the therapeutic
relationship, their familiarity with the technology, dealing with
high-risk clients, and concernswith data security issues[43,44].
Therefore, it is recommended that organizations investigate
clinician experiences, perceptions of VCP service need, and
preferences (or willingness) to engage in aV CP modality.

Clinicians will not be the only ones whose workflow will be
disturbed. Clerical and IT workers will also be affected by the
introduction of aVVCP service. The capacity of the IT support
staff to implement, monitor, and provide support for a VCP
service will need to be considered. Previous research hasfound
that logistical problems (eg, inadequate staffing, scheduling,
overwhelming workloads, and staff changes) are common
barriers to VCP implementation [29,45]. Therefore, the
introduction of VCP may fundamentally alter the tasks and
activities staff perform while delivering in-person services.

1.3. Task Analysis

To assess the human factors and help facilitate later phasesin
this model, particularly around software selection (4.1 Select
Videoconferencing Psychotherapy Software), it may also be
useful at this stage to work with clinicians and administrators
to generate an in-depth understanding of their daily workflow
and key operational tasksin relation to client contact.
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A task analysis can be conducted using interviews, focus groups,
and structured questionnaires, and it can be documented in
writing or diagrams. The primary purpose of these activities
will be to generate a features list, identifying the core tasks
clinicians and administrators currently perform to deliver
services that will need to be supported by the future VCP
platform. This involves staff outlining the specific steps they
take (both mental and physical) to achieve specific goals[46,47].
For counseling tasks, this could be the following: (1) checking
a calendar that is populated by a receptionist for upcoming
appointments, (2) accessing a physical client file from afiling
cabinet, (3) creating a session plan, (4) going to the waiting
room to welcome the client, (5) conducting a session, (6)
updating the physical client file, and (7) returning the client file
to the filing cabinet. Although this is a broad example, the
outcome of this processisadetailed list of activities, currently
used tools or software, and relationships among individuals
required to complete certain goals. Quantitative measures can
also be utilized to complement the task analysis.

1.4. Feature Development for Videoconferencing
Psychotherapy Platform

Theresults from the task analysis can then be used to generate
afeatureslist of the core requirementsthat aV CP platform must
have (or can be modified to have), to reduce the friction of
adoption at later points. Using the previous example, features
for a future VCP platform could include the following: (1) a
caendar booking system accessible by clinicians and
receptionists, (2) secure Web-based storage for client files, (3)
a virtual waiting room for clients, and (4) the ability for the
clinician to choose when to start and end a VCP session. A
secondary gain of this processisthe opportunity to identify pain
points for the staff in their current tasks and activities (things
that do not work well, are burdensome, or are time consuming)
and investigate ways of reducing these pain points through
feature selection for the new V CP platform.

The outcomes from this phase will help the organization identify
whether the implementation of VCP is feasible and redlistic,
and these will ensurethat the organization isin abetter position
to determine what protocol and policy changes are needed to
facilitate the introduction of VCP. The required content, along
with intensity and delivery preferences of training resources,
should also be identified at this stage. Finaly, addressing
relevant human factors at this stage will be helpful to the
organization to ensure that any concerns clinical, clerical, and
IT staff have are addressed before the time comes to recruit
clinicians and communicate the implementation strategy.

Phase 2: People and Buy-In

As discussed, an organization might expect some resistance to
VCP implementation from clinicians. If drastic changes from
previous protocols are required, the changes may also result in
resistance from clerical and IT staff. Therefore, it will be
important that the organi zation manages this change effectively
and is able to foster buy-in for the VCP modality.

The Diffusion of Innovation theory is a valuable change model
for guiding technological implementation initiatives. Thistheory
appears particularly relevant to VCP, as it highlights the
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importance of communication and peer networking while
accepting that not all organization memberswill adopt the new
modality immediately [48]. Thetheory positsthat aninitial few
people will be open to the new technology and adopt its use
before more people become willing to try and eventually adopt
the technology. This phase has been broken down into 3 steps
in an attempt to apply this theory: (1) recruit a VCP team, (2)
new roles and responsibilities, and (3) develop communication
strategies.

2.1. Recruit a Videoconferencing Psychotherapy Team

Implementation initiatives in public sector health care
organizations are often at risk because of their complicated
bureaucracies. Given the multifaceted and cross-collaborative
nature of VCP, coordination could prove to be particularly
difficult and time consuming, putting theimplementation of the
service at risk [30]. To overcome this challenge, a critical step
for implementing VCP is the recruitment of a motivated and
stable (ie, permanent) team to lead the implementation. These
individuals can be viewed as change agents, and they will
predominantly be responsible for identifying and engaging with
key stakeholders and developing a positive VCP culture [49].

Given the cross-departmental collaboration required to
implement VCP, it will be important to ensure that each
department within the organization is represented on the team.
The composition of this team should therefore include
organizational leaders, clinicians specializing in the offering of
VCP, on-site VCP champions who encourage and promote VCP
to clients and clinicians, IT support staff, and clerical staff
representatives. Involving representatives from each department
will help ensure that all parts of the organization have a voice
in the implementation process. Externa representatives may
also be recruited as consultants if an organizational need for
thisisidentified in Step 1.2 (Assess Organizational Capacity).

It is important for these team members to be dedicated and
committed to the implementation process. This team will need
to appoint aleader who isultimately responsiblefor coordinating
the implementation. This person should have the authority to
execute any decisions made across the organization. Given the
time-intensive nature of implementation, the person assigned
this role may need to make the management of the
implementation his or her full-timerole.

2.2. New Roles and Responsihilities (and Personnel)

Theintroduction of VCP will likely bring about changesto the
roles of current clinical, clerical, and IT staff [50]. The
organization will need to be transparent and work closely with
existing staff to effectively manage these changes.

2.2.1. Videoconferencing Psychaotherapy Champions

Program champions have long been recognized as critical
resources for implementation [51]. Previous VCP
implementation studies have found champions to be vital
facilitators [10,12,22,25,27,52]. VCP champions will play a
key role in providing ongoing support and information to
participating personnel, acting as a communication bridge
between the staff on site and those in key management positions,
relaying concerns and directions accordingly. Champions may
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take on additional responsibilities, including potentially hosting
V CPtraining and personal development seminarsfor clinicians.

The championswill need to foster asense of enthusiasm toward
VCP at the clinic level. This may be a challenge, given some
clinicians may be skeptical of the modality. But if successful,
the champion will lend support to the credibility, trial, and
eventual adoption of VCP. To be successful, champions should
exhibit homophily (ie, high similarity with other staff), empathy,
and openness [49]. For large organizations with multiple,
geographically dispersed service providers, it is recommended
that each provider nominate its own VV CP champion.

Asstaff concernsmay center around VCP usein practice, when
feasible, it may be useful for championsto gain some experience
in conducting VCP themselves, before the initiation of the
implementation, so that they can speak to their colleaguesfrom
experience. Oncethe VCP softwareisinstalled, champions may
consider using the software to perform everyday tasks (eg,
conduct meetings with other staff). Using the software in this
way, in alow-risk environment, may be beneficial for increasing
staff confidence with the technol ogy.

2.2.2. Telehealth Coordinator

Introducing VCP may also create opportunities for new roles
within the organization. An example of such aroleisatelehealth
(or VCP) coordinator. This person will be responsible for
managing the VCP technology and process (eg, aleviating
technical difficulties and managing appointments and consent
forms).

It is recommended that organizations employ a technician
dedicated to VCP, as previous studies have found that such roles
help facilitate implementation [27,52]. This role may be filled
by an existing staff member who possesses the knowledge and
passion for the VCP modality. Alternatively, the organization
may need to advertise to fill such arole.

2.3. Develop Communication Strategies

Communication channels will be needed so that concerns and
solutions to any difficulties encountered during the
implementation of VCP can be communicated effectively.
Communication deficiencies have been identified as a key
barrier in previous implementation studies [53]. This may be
particularly true for VCP implementation efforts, as
implementation will involve a variety of individuals from
different departments, including clinical, clerical, and I T staff,
as well as center management and organizational leaders.
Therefore, the fostering and development of communication
channels among these stakehol ders, aswell asclients, isanother
important step.

The first important point of communication will be to apprise
clinicians and clients of the need for VCP. Communicating this
need will require a strategy that is consistent over time and
geographical region. Visits to participating clinical sites and
regular teleconference calls with clinicians and meetings with
clinical advisory committees have been reported to be helpful
for ensuring successful implementation [10,35]. Messages
related to the progress of VCP implementation should also be
a standard agenda item at clinical meetings and appear in
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newsletters or bulletins prepared for clinicians and clients.
Additional communication strategies for promoting VCP to
clientsinclude promotional materialsand expressions of interest
via the organization's social media channels, webpages, and
newsletters, as well as signage and materials (eg, brochures)
within facilities and presentations at local community events.

Phase 3: Evaluation Plans

Timelines reported in implementation studies to date suggest
that it may take between 1 and 12 monthsfor activitiesin phases
1to4tobecompleted [10,37]. Therefore, extensive preparation
and forward planning are essential for the success of VCP
implementation. This will require the organization to develop
an implementation and evaluation plan by using alogic model,
with goals and abjectives for the new service, and a set of key
variables (or success indicators) to be used to evauate the
implementation and effectiveness of the VCP service
Organizations should use this plan to assign the timeframe for
each activity, as well as the specific personnel responsible for
each activity. To enhance buy-in, al stakeholders should be
involved in the devel opment and approval of this plan.

3.1. Implementation Plan

The implementation plan should contain a project timeline,
which lists the processes and milestones required to (1) install
the VCP technology (see 4.2 Integrate New Technology) and
(2) collect data for an evaluation (see 3.2 Process Evaluation
Plan) and explain how the activities will be delivered within
the stipul ated timeframes. It isrecommended that organi zations
employ astaged implementation approach. VCP should initially
begin at a single site before being introduced more extensively
throughout the organization’s other service providers. This
approach has previously been found to be effective for
implementing VCP services in public sector organizations
[10,27,52], and this approach has several advantages over
simultaneousimplementation approaches. For example, astaged
approach starting at a single location affords the organization
the opportunity to gain meaningful insightsinto implementation
processes that can later be applied on a larger scale. Such an
approach also ensures that implementation can be tailored to
accommodate the unique characteristics and avail able resources
for each site. This planning phase will aso help foster
confidence in the efficacy of VCP, and, if seen as successful,
this may promote the adoption of VCP by more clinicians and
clients.

There are several factors that an organization should take into
consideration when selecting a site for pilot implementation.
Theseinclude the human, organizational, and community factors
identified in Step 1.2 (Assess Organizational Capacity). The
selected center should have the greatest readiness for VCP
implementation. This means that the selected site must have
personnel (ig, clinicians, clerical, and I T staff) who are available
and willing to implement VVCP. For example, the readiness of
clinicians, in terms of experience or openness to adopting new
technology needs consideration. Selecting asitewith clinicians
who are more amenable to VCP and more experienced in its
use will assist the initial implementation of the service. The
selected site will also need to have the necessary resources to
deliver VCP (eg, computer hardware and space). Thelocal client
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demand for VCP should also be considered. Demand may be
higher for sites with a higher level of clinical need or where
clients may find particular value in therapy via a Web-based
modality (eg, in sites serving individuals in rural or remote
locations).

3.2. Process Evaluation Plan

Evaluation forms akey part of monitoring implementation and
determining its impact. Evaluation can be divided broadly into
2 activities, which might be a focus during different stages of
implementation:  process evaluation (investigating the
successfulness of the implementation) and outcome evaluation
(investigating the impact of the VCP service).

The evaluation plan needs to be considered at an early stage so
that appropriate baseline measurements can be incorporated
into service delivery. The process evaluation will encompass
collecting data from those involved in the implementation to
determine how theintervention was actually implemented. Data
collected should aim to answer questions regarding the success
of the implementation; the following are examples of such
guestions: Has V CP been implemented asintended? Werethere
any unanticipated barriers to implementation? How could
implementation be improved? Are additional resourcesrequired
for clients, clinicians, or administrative staff? Is it feasible to
expand the service to other sites?

3.3. Outcome Evaluation Plan

On the contrary, when considering the outcomes of
implementation, questions may include the following: Has
availability of VCPincreased delivery of therapy? Aretreatment
needs better met in particul ar groups that were hoped to benefit
from greater accessibility of VCP (eg, personsinrura or remote
areas)? Are clients satisfied with VCP? Is overall satisfaction
with the service improved in people who have accessed VCP?
Does receipt of VCP result in improved clinical outcomes?

Many of these questions can be answered by comparing the
outcomes for a group of VCP clients to control groups.
However, whether and how to use control groups for VCP
evaluations require some careful consideration in relation to
congtraints of how feasible comparisons will be when
considering anticipated numbers, sources of error and bias, and
the statistical reliability of measurement.

3.3.1. Outcome Evaluation Data Considerations

Evaluation implicitly involves comparison, which may be
defined in terms of change over time (eg, is delivery improved
on some metric relative to previous indicators?) or between
paralel versions of service delivery (eg, does the addition of
VCP improve individual outcomes compared with routine
service delivery?). Collecting these data may reguire planning
to administer a measure during a baseline period before VCP
implementation for comparison or to a group that is not
receiving VCP to provide comparison data for the evaluation.
Metrics, such as receipt of VCP or in-person therapy, may be
relatively easily captured, but satisfaction and clinical outcomes
may require incorporating new measures into practice.

Measures of uptake or delivery of therapy should be simple
enough to collect routinely and accurately. If VV CP supplements
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in-person therapy, pre-post implementation comparisons of total
therapy delivery arelikely to be meaningful. Such comparisons
might be strengthened by obtaining data from a site not yet
offering VCP to control for the effects of other organizational
or external changes that may arise during the implementation
period (eg, change in management or referral pathways).

However, achieving sensitive measurement of client clinical
outcomes may be more challenging. Although clinical outcome
measures may already be routinely administered, there may be
significant missing data, resulting in systematic biasif thereis
alack of follow-up data on clients discontinuing therapy. Client
and intervention heterogeneity may mean that broad catchall
measures of clinical outcome or quality of life need to be used.
Universal measures, such as general well-being, overall
symptom measures (eg, the Depression Anxiety Stress Scale;
the Brief Symptom Inventory), or mental health—related quality
of life (eg, The World Health Organization Quality of Life,
Assessment of Quality of Life-8D) may be suitablefor capturing
outcomes across a number of client groups. However, it should
be noted that the use of broad measures can mean reduced
sensitivity to individual outcomes. Considerationsin providing
more sensitive measures include reviewing the most tailored
measures, focusing evaluation on a specific subgroup where
more sensitive measures can be used, resourcing personnel to
ensure measures are administered, and follow-up with clients
who discontinue therapy. A comparison group of clients not
receiving VCP at another site might be used to control for the
natural course of improvement under treatment as usual.
However, given that effect sizes for many in-person
psychotherapies are in the small-to-moderate range under trial
conditions [54], in practice, it may be difficult to differentiate
effects of VCP from site differences and other sources of error.
Therefore, there may be value in adopting a randomized
controlled design during a stage of the implementation,
comparing with a treatment-as-usual or waiting-list group to
control for the natural course of improvement.

3.3.2. Outcome Evaluation Design Considerations

Alternative designs, such as quasi-experimental designs, may
be considered. Although these methods are not without their
limitations, such as selection bias, they may provide valuable
insight into differences between the effectiveness of VCP and
in-person therapy. Other possible designs include the
regression-discontinuity design and interrupted time-series
design[55]. Psychological interventionstypically produce small
incremental changes in outcome measures, which may require
several hundred participants to make meaningful between-group
comparisons. Therefore, consideration to whether it isrealistic
to obtain sufficient data for comparisons to be meaningfully
made is required.

In services that are introducing VCP as an alternative to
in-person therapy, although it may be tempting to compare
modalities to determine whether equivalent outcomes are
produced, it should be noted that demonstrating noninferiority
of an intervention requires higher statistical power than a
superiority comparison [56]. As any differences on the basis of
mode of delivery are likely to be very small, they are likely to
be obscured by error and bias, unless a highly rigorous
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randomized controlled trial design were possible with a very
large sample. In making comparisons between VCP and
in-person therapies, it may be morerealistic to compare metrics
more proximal to the process of therapy, such as satisfaction
and working alliance ratings.

3.4. Define Exit and Reevaluation Points

It is also important to consider the steps to be taken following
data analysis. Results should, where possible, feed into the
decision-making process when moving between steps in this
model (Figure 1). There may be a number of critical decision
points for each organization at which the results obtained
through evaluation suggest the next steps to be taken.
Articulating these steps and integrating them into the
implementation and evauation plan may save larger
organizations time and resources at later points by clearly
identifying the thresholds at which the implementation (1)
proceeds to the next step, (2) regresses to an earlier step to
reevaluate and adapt from the learnings of the most recent
evaluation (eg, consider a different software selection), or (3)
exit if the implementation does not appear to be feasible in the
current organi zational environment. These decision pointsallow
the model to be flexible to changing needs and explicitly
introduce feedback loops that may be useful for the ongoing
quality assurance of the software system and service provision.

Phase 4: Implementation Preparation

This phaseinvolvesorganizing all the appropriate resourcesfor
VCP implementation. Any gaps between the current and
required resources identified from the assessment of
organizational capacity should be acquired before any
implementation attempt.

4.1. Select Videoconferencing Psychotherapy Software

The most critical resource to acquire will be the software
platformto facilitate the VCP service. Thischoiceisnot simply
a matter of cost. To aid in decision making, a features list
(generated in  Step 1.4 Feature Development for
Videoconferencing Psychotherapy Platform) can be used to
map existing software platforms against the core requirements
and nice-to-have features of the organization (ie, clinician and
clerical staff wish lists). This features list should have input
from al relevant stakeholders and may require some specialist
input (eg, lawyers to advise on appropriate terms of use).

This highlights the need for organizations to reach out to
potential software providersto determinewhich onewill provide
the best fit. Organizations may wish to consider creating a
shortlist of potential providers and making contact with each
to discuss items regarding system integration (eg, customer
support, access to resources, and customization) to help
determine the best choice. The organization will also need to
consider the security of each platform and the user experience
each platform offers.

4.1.1. Data Security

Data security and bandwidth should be kept at the forefront of
the decision making when selecting a suitable platform. Data
security is aparticular concern in any health care setting, as it
is the organization’s responsibility to ensure that client health
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data are kept confidential. Similar to any Web-based service,
VCP brings a range of data security risks with regard to
computer-mediated communication. For clients, concerns may
revolve around geol ocation vul nerability and hacking. However,
these issues are likely only if one’s computer is compromised
rather than the actual software and having an up-to-date antivirus
program should aleviate these concerns.

A more significant concern for organizations revolves around
data encryption and the transference of data involving third
parties. The organization should ensure that the technology
meets relevant privacy requirements, such asHIPAA standards
for protecting health information that is held or transferred in
electronic form. Currently, there are a number of
HIPAA-compliant platforms available to organizations for
conducting VCP, including the following: V See, Cisco (Cisco
Systems, Inc), Polycom (Plantronics, Inc), and CoViu. Skype
for Business (Microsoft Corporation) isalso HIPAA-compliant,
as is Zoom (provided the organization signs a Business
Associate Agreement before use). Organizations are encouraged
to consult their own I T expertsto investigate the different VCP
platforms before deciding which would be the best fit for the
organization.

It will bethe organization’sresponsibility to communicate risks
to clients and have measures in place to mitigate the security
risks outlined above. To overcome technology obstacles, it is
recommended that binding contractsare put in placefor ongoing
support and continuity of service, data security, and technical
support. Such contracts would protect against severed services
and ensure that technological support is available to the
organization when needed.

4.1.2. Usability

Another critical and often overlooked consideration is the
software’s usability. End users for VCP can include clients,
clinicians, administrators, and IT support. It is possible for a
software platform to meet organizational and legislative data
security requirements, but it is also possible for it to be too
challenging to learn, use, and adapt to the daily tasks and
processes of staff. Trialing a variety of software platformsin
low-risk environments (eg, to conduct remote team meetings)
may help to highlight any usability issues. Modificationsto the
software, a choice of different software, or changes to team
processes may need to be considered at this point to find the
best fit between the usability of a system and the technical
feature requirements of a platform.

Some key questions may be asked at this stage, which can form
a part of usability testing: What did you like about software
platform A compared to platform B? How long did it take you
to book an appointment in software platform A compared to
software platform B? How confident were you in using the
platform? What did you find most difficult? What resources
would you need to make using the platform easier? A cognitive
walkthrough may aso be useful for identifying the tasks,
challenges, and nontypical behaviors occurring on asystem that
may act as barriersto or facilitators of ease of use [57-59].

At an organizational level, branding may also be an important
consideration. If this is a relevant consideration, selecting
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white-label software (ie, purchasing a platform or license
produced by a particular company but rebranded by the
organization to make it appear to be their own platform) may
be a priority. Alternatively, the organization may decide to
embark on a software development process.

4.2. Integrate New Technology

The organization should not underestimate the time taken
between software implementation and uptake by clinicians.
Simply installing the software on clinicians' computerswill not
mean that clinicians will automatically be able to use it.
Therefore, once the organization has selected a software
provider, careful planning, communication, and training will
be required to help expose clinicians to the platform and build
confidence in its use. Once the technology has been selected,
the organization will need to come up with aprocessto integrate
this platform into its existing procedures. This may mean that
the organization’s current appointment scheduling, client
monitoring, consent form distribution and collection, and client
data or medical records systems need to be atered to
accommodate the VCP platform and process. The process of
integration will likely vary widely on the basis of an
organization’s current systems and the functions of the newly
selected VCP software; therefore, an in-depth discussion of
technology integration is not offered here. For an in-depth
discussion of technology integration, organizations are
recommended to refer to Pfeiffer [50].

4.3. Develop Videoconferencing Psychotherapy
Guidelines

The introduction of VCP will likely require new policies or
amendments to existing policies and procedures within the
organization. Thiswill require careful planning. In addition to
establishing any changes to workflow, training requirements,
and responsibilities of existing (or new) staff, the organization
will need to consider policies involving informed consent for
VCP and crisis management procedures. We encourage
organizations to follow the recommendations put forth by
Luxton et al [60]. Shore et al [17] outline several areasthat will
need to be considered when developing policy and operating
procedures, such as roles, responsibilities, communication
avenues and emergency procedures, agreements for training,
and evaluation processes.

4.4, Develop Other Resources

Other resources, such as training materials and facilities (eg,
clinical rooms), are essential for VCP. Once procured, all
equipment and procedures should be rigorously tested to ensure
that the platform works successfully before any implementation
attempt. The workflow should also be tested to ensure that the
entire system (from clerical staff scheduling an appointment to
the clinician concluding a session) is working.

Organizing resourcesfor clients should be another consideration
in any implementation strategy. Access to al the required
technol ogy for the clients, including agood internet connection,
is needed for VCP. This may be a critical issue because of the
geographical dispersion of clients in the case of large
organi zations, which may affect the quality of internet services
and the quality of the VCP. Organizations should consider
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having loca rurd sites, for example, aroom in amedical center,
which are accessible and equipped with all the required software
and facilities for a client to engage with VCP. Such an
arrangement would also address safety concerns for at-risk
clients.

Reducing the burden on the client in terms of cost, and learning
how to use the VCP technology, may encourage more
individuals to take up this service, and this should be an
important consideration in any VCP implementation attempt.
Therefore, it is recommended that organizations have an
employee available to clients to help facilitate the initial VCP
appointment, perhaps also introducing the client to the VCP
platform. In addition, the organization may consider developing
instructional resources (eg, video demonstrations and PDF
manuals) to assist clients setting up and preparing for VCP.

4.5, Provide Education and Training

Although V CP attempts to emul ate the in-person experience as
closely aspossible, clinical staff will need to develop new skills
that are required to successfully engage in VCP. Therefore, the
organization must offer training and support to the clinicians
around the provision of VCP services.

First, clinicians will need to be trained on how to navigate the
technology. This training will provide an opportunity for the
clinicians to become familiar with the VCP technology,
procedures, and logistics of using the new modality. In
particular, special VCP processes may be needed for booking
appointments, distributing handouts, establishing client rapport,
monitoring client comfort during sessions, and troubleshooting.
These processes have been reported as barriers to delivering
VCP in previous research [61]. Experiential learning (eg, role
play) may be particularly useful here.

Training around supporting high-risk clients is also very
important. Inadequate training of clinicianswasidentified asa
key barrier in previousimplementation strategies[22,25]. Even
in in-person therapy, some clinicians have reported concerns
around using trauma-focused treatments, because of fears of
retraumatization and increased dropout [62]. Therefore, it is
understandabl e that clinicians may hold reservations about using
such approaches with V CP, despite studies demonstrating VCP
to be safe and effective when using interventions, such as
cognitive behavioral therapy and Prolonged Exposure for
posttraumatic stress disorder populations [63,64]. However,
Tuerk et a [63] did notethat clientswith more severe symptoms,
such as high levels of hypervigilance, may be more difficult to
treat with VCP. Training and identification of safe and effective
approaches that can be used with VCP for such clients is
therefore of paramount importance. Organi zations may consider
excluding clients entirely from receiving V CP when cognitive
capacity, previous history of violence, or self-harm suggest that
thisisnecessary. Thisisparticularly necessary when geographic
distance to the nearest medical facility and the lack of alocal
support system are of concern [17].

The goal of this training and education should be to aleviate
several concerns clinicians hold around the effectiveness of
VCP and any safety issues, allowing them to develop skillsfor
working with complex mental illnesses, such as posttraumatic
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stress disorder, including risk management skills. The education
and support of key clinical staff should be ongoing. This will
lead to an increase in confidence and ultimately an increasein
uptake. Organizations are encouraged to consult recent training
and education guidelines from the ATA [17,18].

Delivery of this training could be a combination of both
Web-based and in-person learning. A combination may facilitate
buy-in and, at the sametime, reduce cost and required resources.
Organizations may consider developing a Web-based resource
dedicated to VCP. Such aresource would provide staff with a
centralized portal to access core and supplementary training
materials and support (eg, a discussion board to engage with
peers), as well as other relevant resources (eg, quick reference
V CP pdf manuals). Having an accessible, single point of contact
for follow-up support (eg, a telehealth coordinator or VCP
champion) is also advised.

Ultimately, the organization should aim to keep training as
comprehensive but as brief as possible. As discussed earlier,
there may be some resistance to implementation from clinicians
because of workloads. Clinicians will not want to spend any
more time than is absolutely necessary to become proficient in
using V CP. Organizations should therefore aim to keep training
brief and to the point.

Finally, training will not be limited to clinicians. Clerical staff
will also need to be trained in how to execute any new or
modified tasks that have resulted from the introduction of the
VCP service offering (eg, scheduling appointments, emailing
instructional resources, and obtaining consent from clients).

Phase 5: Pilot Implementation

Once dl the groundwork has been completed, establishing a
sufficient base and framework for V CP implementation, phase
4 may commence. This phase has been broken up into the
following 5 steps: pilot site implementation, process eval uation,
provide ongoing training and support, recruit and engage more
cliniciansand clients, and demonstrate meaningful use. Aswith
any pilot evaluation, these steps are likely to take between 6
and 12 months (depending on organizational capacity). As
demonstrated in Figure 1 and explained below, the pilot phase
also provides a critical opportunity to exit or reevaluate the
implementation approach before significant time and finances
areinvested.

5.1. Pilot Site | mplementation

It is recommended that the implementation process commence
at 1 site [10,50]. This will be advantageous in identifying
barriers and devel oping strategies to help overcome difficulties
as they arise. Informed by the first 4 phases in this model, the
development of an effective and uncomplicated strategy for the
initial sitewill facilitate V CPimplementation organization wide.
For increased control, the organization may consider restricting
this pilot to a limited number of clinicians and clients and for
afixed period of time [50]. In addition, the type of therapy and
client might also be restricted during this initial pilot phase to
those that are best suited to VCP. For example, managing
high-risk clients via VCP may be a daunting prospect for
clinicians. By removing such clients from the initial pilot,
clinicians can focus on becoming accustomed to the modality.

https://mental .jmir.org/2020/1/€14996

Muir et d

In a further effort to ensure the pilot is a success, it will be
important to ensure that participation is voluntary. Only
clinicians and clients who want to engage in VCP should
participatein theinitial pilot. Thisshould improvethelikelihood
of success, as the clinicians and clients will have a vested
interest in making things work (and will be more persistent if
barriers are encountered).

Once V CP has been successfully implemented at the pilot site,
implementation can then occur at additional sites (one at atime).

5.2. Initial Process-Focused Evaluation

To ensure that the implementation plan is optimized, an
evaluation should be simultaneously conducted on the basis of
the plan developed in Step 3.1 (Implementation Plan). This
initial evaluation will likely focus on process evaluation and
potentially some preliminary examination of outcomes. With a
small number of clients seen at this stage, it may not be possible
to collect meaningful outcome data. However, quantitative data
can be captured on feasibility and acceptability, using indices
such as client uptake, numbers of sessions attended per client,
nonattendance rates, dropout, out-of-session time spent per
client, and client ratings of satisfaction. Alongside this, it will
be useful to set up recording procedures for capturing data on
the frequency of technology problems encountered, as well as
any adverse events. Data collection and storage methods should
be tested before implementation.

Qualitative data (viainterviews) should also be collected at this
time, Interian et al [22] provide an exampleinterview schedule.
The feedback collected from key stakeholders (eg, clients,
clinicians, leaders, clerical, and I T staff) will assist inidentifying
challenges and barriersto VCP implementation. It islikely that
those interviewed may offer solutions to overcome any
difficulties experienced in the future.

Taken together, data collected for the process evaluation will
allow the organization to identify strengths and weaknessesin
the implementation plan. The results should inform any
modifications required to the implementation plan and any
decisions to modify or acquire additional resources, training
materials, and policies. These decisions may already be defined
(Step 3.4 Define Exit and Reevaluation Points). The results of
the process evaluation and any changes made should then be
communicated to al key stakeholders. Organizations may
consider conducting seminars directed to its service providers,
summarizing the initial implementation effort and the lessons
learned.

Itislikely that the pilot site implementation will cycle through
several brief single-site iterations to integrate the findings of
the process evaluation. Asoutlined in Step 3.4 (Define Exit and
Reeval uation Points), the decision threshold for moving forward
from a single-site pilot should be defined as a part of the
implementation and evaluation plan, as well as thresholds for
reevaluating and returning to earlier steps.

5.3. Provide Ongoing Support and Training for
Clinicians and Staff

Asidentified in earlier stages, training and support for clinicians,
as well as the wider team, is fundamental in overcoming
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implementation barriers and therefore critical to any
implementation attempt. This support and training should be
ongoing, addressing concerns as they arise and facilitated by
the on-site champion. Clinicians will have needs in staying up
to date with evolving V CP technology, research findings, and
policies [17], which may need to be factored into training and
clinician workload allocations.

At this time, the organization may wish to consider launching
a mentoring program to help promote VCP, recruit clinicians
and clients, and assist with the sharing of best practices. This
has been found to be hel pful for establishing newly implemented
service offeringsin geographically dispersed organizations[65].

5.4. Encourage and Recruit More Cliniciansand Clients

Communication about the VCP implementation is critical for
confirming the need for VCP and for disseminating best
practices for VCP. This communication should be directed to
clients and clinicians, with a view to encouraging additional
clinicians to obtain VCP training. Again, this step will likely
involve local champions promoting VCP.

Drawing on a greater pool of experiences and knowledge will
help identify barriers and methods to overcome problems. The
local champion may need to organize information and training
sessions to facilitate recruitment of clinicians or promotional
flyersto help recruit more clients.

5.5 Demonstrate Meaningful Use

Asexplained in Step 3.2 (Process Evaluation Plan), conducting
aprocess-focused evaluation may introduce variablesto service
delivery that would ultimately not form a part of daily practice.
With this consideration in mind, a period of meaningful use at
the pilot site may be beneficial. This provides both staff and
clients with the opportunity to engage with the VCP system, as
it isintended to be used at scale.

Phase 6: Full Implementation

The next step is to implement the VCP service organization
wide. Thisfinal phaseinvolves 3 further steps; implement VCP
organization wide, ongoing process evauation, and, finally,
outcomes evaluation.

6.1. Implement Organization Wide

Once phases 1 to 5 have been successfully completed,
implementation of VCP on awider scale may be considered. It
is presumed that severa challenges will have been addressed
and a successful model of VCP established to help with this
transition. It is recommended that the rollout should be a slow
process to ensure participating sites are not rushed into the
introduction of VCP and ensure they have sufficient time to
organize their staff, training, and resources.

Education at sitelevel should be thorough, and ongoing support
should be available to clinicians from software suppliers and
IT staff. Site-based VCP teams will need to be organized, and
a local champion at each site is required to help facilitate
communication, ongoing training, and problem solving.
Organizations may also consider relocating willing staff from
the initial pilot site to the next site, temporarily, to assist with
implementation.
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6.2. Large-Scale Evaluation

Using the plans developed in phase 3, the organization can now
set out to evaluate the implementation and impact of VCP. The
process evaluation should involve feedback from the key
stakeholders, such astheclients, clinicians, and managerial staff
to ensure their needs are being met and that a high standard of
servicedelivery ismaintained. Thisevaluation will also address
any remaining problems or deficiencies.

Once organization-wide implementation is established, there
may be sufficient data to examine the impact of VCP. Idedlly,
processes for data collection should integrate seamlessly into
current clinical practice; however, the additional work involved
with collecting consent, measures, and questionnaires, as well
as collection of feedback from their clients to provide data for
the outcomes evaluation, may make clinicians hesitant to
participatein an eval uation. Methods for reducing thisworkload
therefore need to be explored. Electronic consent processes may
be helpful [17,66]. Having adedicated external evaluation team
with appropriate skills is an important consideration for an
outcome evaluation. Employing an external team to perform
the evaluation can help the organization to focus on service
delivery, and this is especially useful for those organizations
that may not have the capacity to conduct rigorous eval uations.
Having an external evaluation team that is independent of the
delivery of VCP has been found to be effective [27,37]. The
team should beidentified early in the implementation initiative
to help develop the implementation and evaluation plan that is
discussed in phase 3. Thiswill ensure that those responsible for
the evaluation can collect the necessary datato properly evaluate
the service. Organizations are advised to refer to established
guidelinesfor commissioning and executing evaluations[67-69].

6.3 Improve Quality

Once implemented, the steps in this model can be revisited to
conduct targeted quality assessment and evaluation. For
example, many software products may cometo the end of their
lifecycle as operating systems, and consumer preferences and
organizational needs change. Returning to phases 1 to 4 may
assist organizations in the transition to new technologies, with
limited disruption to the workforce. Alternatively, regular
scheduling of evaluation activities in phases 3 to 6 may assist
with ongoing quality control. Therefore, the model presented
here is not only applicable to initial implementation but can
also be used postimplementation to assist organizations to
modify or transition components of their established VCP
service.

Discussion

Principal Findings

We have devel oped and described an integrativeimplementation
model for VCP in large organizational settings in the public
sector. A strength of this model is how it draws on multiple
fields of research across mental health, IT, and organizational
psychology to overcomethelimitations of previous modelsand
frameworks used in VCP implementation projects (see
Multimedia Appendix 1). Organizationsand researchers|ooking
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to implement VCP via this model are encouraged to use the
V CP Implementation Checklist (see Multimedia Appendix 2).

The search strategy used to identify papersin our review of the
VCP literature was not systematic, meaning our search was
potentially biased and the quality of studies cited left unassessed;
thisisalimitation of our paper. Future research should consider
a more systematic review of the literature to provide a more
detailed assessment of the barriers, facilitators, and lessons
learned from VCP implementation studies. In addition, this
model highlights the need for additional research to be done
regarding implementation of VV CP into large organi zations that
do not target veterans. The model developed in this paper draws
heavily on the experience of implementing VCP in the VA.
Although this represents a large and geographically disperse
organization, some of the challenges may be specific to veteran
and military contexts and therefore may not trandate to all
organizational environments. It is therefore expected that this
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model will continue to evolve as researchers and organizations
apply the model and report evaluation findings in nonmilitary
environments.

Conclusions

Thetime and resources required to successfully implement VCP
inlarge organizational settings, which are often geographically
dispersed, are likely to be extensive and should not be
underestimated. It is expected that the entire process may take
several years to successfully complete, but the provision of
mental health support viatheinternet has a critical roleto play
in reaching vulnerable individuals with limited access to such
care. The ability of thismodality to overcome barriersfaced by
clients cannot beignored. It is hoped that the prescribed model
will be useful for researchers and organizations to help guide
and optimize VCP implementation efforts in the public sector
in the future.
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Abstract

Background: Standardized mindfulness training courses involve significant at-home assignments of meditation practice.
Participants’ self-reported completion of these assignments has been correlated with treatment outcomes, but self-reported data
are often incomplete and potentially biased. In addition, mindful ness teacherstypically suggest that participants set aside aregular
practice time, preferably in the morning, but the extent to which participants do this has not been empirically examined.

Objective: This study aimed to analyze patterns of participant engagement with home practice in a mindfulness-based stress
reduction course.

Methods: We used a novel smartphone app to provide 25 participants with access to their daily practice assignments during
the 8-week course. We analyzed data coll ected through our smartphone app to determine usage and listening patterns and performed
analyses of the regularity and frequency of participant behavior.

Results: We found that participants listened to a median of 3 of the 6 practice sessions per week, and they did not typically set
aside a regular daily practice time. Across weekdays, participants practiced most frequently in the morning, but there was
considerable variation in participants' practice start times. On weekends, the peak practice time wasin the evening.

Conclusions: We suggest that it isfeasibleto integrate asmartphone-monitoring approach into existing mindfulnessinterventions.
High-frequency smartphone monitoring can provideinsightsinto how and when participants complete their homework, information
that isimportant in supporting treatment engagement.

(JMIR Ment Health 2020;7(1):€14467) doi:10.2196/14467

KEYWORDS
mindful ness; adherence; smartphone monitoring; meditation practice; habit formation

(MBCT). MBSR and, its derivative, MBCT are manualized
interventions. They follow a standardized syllabus, involving
20 to 26 hours of forma mindfulness training during 8 weekly
group classes (1.5-2.5 hours/class), 1 all-day (6 hour) class, and
home practice of mindfulness (about 45 min per day, 6 days
per week). Home practices include the body scan (typically a
lying down meditation, focused on sensations in the body),

Introduction

“Home Practice” in Mindfulness Training Programs

Mindfulness training programs have become extraordinarily
popular in the last two decades [1]. The most rigorously
evaluated of these programs are mindfulness-based stress
reduction (MBSR) and mindfulness-based cognitive therapy
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yoga, and sitting meditations supported by audio guides. The
time commitment required from participantsis substantial, but
there is now a growing evidence base for these 2 interventions
in improving mental health outcomes[2,3].

Home practice, one of the core components of MBSR and
MBCT, is thought to be critical for learning but can also be
challenging for participants to complete [4]. A recent
meta-analysis of 48 studies found that participants report
completing around 30 min of home practice a day on average,
somewhat less than the recommended 45 min [5]. The extent
to which participants report completing this practice was also
correlated with treatment outcome (but the precise temporal
precedence of practice, and related changesin outcome, has not
been established). Although the average practice time was 30
min, there was also considerabl e variability across participants:
some reported doing even more than the assigned amounts and
other participants completed relatively little (eg, in one study,
participants completed only one-fourth of assigned practices,
seeasoasystematic review by Lloyd et a [6]). Given that these
courses are used to treat mental health difficulties, and that
practice completion is plausibly related to outcomes, a better
understanding of participant engagement with practice is
required.

Sef-Reports, Missing Data, and the Timing of Practice

Two recent systematic reviews on home practicein MBCT and
MBSR reported that nearly all studies to date have relied on
self-report, retrospective, paper-based measures to monitor
formal home practice. The problems with retrospective
self-report are numerous and include memory lapses, socialy
desirable responding, and inaccurate recall, as well as loss of
paper diaries [7]. These problems may be compounded where
participants face mental health difficulties, which is often the
case in mindfulness-based interventions. The few instances
where technol ogy-based recording methods have been used still
required participants manual input. For instance, one study
used an eectronic device (logger) to track the length of their
home practice[8]. Another study asked participantsto log home
practice via aweb-based portal [9].

Several recent studies have used technology-based methods,
such as smartphone app usage data, or Web portals to record
participants’ practicetime (ameasure of the use of audio guides
for practice) during mindful nesstraining. However, these studies
have delivered their own mindfulness training courses rather
than using the 2 standardized formats, MBSR or MBCT. Often,
these training courses do not include a face-to-face group and
have no human teacher, relying instead on automated and
self-guided stand-alone programs that differ substantially from
standardized formats. For instance, one study using a
mindfulness app with patients with cancer assigned just 15 min
of home practice to participants, substantially less than the 45
min assigned in MBCT or MBSR [10]. Just over half of the
patients continued to use the mindful ness app consistently until
week 10, completing amedian number of exercises of 4 at week
1, toamedian of 2 at week 10. Another study used an iPad app
to record listening time during a 6-week mindfulness course,
again with reduced home practice requirements[11]. Participants

https://mental .jmir.org/2020/1/€14467
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listened to around 23 min per day according to the app, with a
drop to 16 min per day after the end of the 6-week course.

There is a clear gap in the implementation of automated
recording methods for the courses for which the most clinical
evidence has accrued, MBSR and MBCT. It is important that
we understand participants practice behaviors during these
specific courses, which are now widely delivered in many
countries. Indeed, one recent article argued that mobile
technology will be crucia in solving some of the major
methodological challengesin mindfulnessresearch [12]. These
challenges include how to measure participants engagement
with mindfulness practice rigorously, over the long-term, and
with larger samples.

Although there are proponents of mobile technology for
delivering mindful nesstraining, there has also been considerable
concern that the technology itself may be disruptive to
attentional capacities (for review, see [13]). For example,
high-frequency digital media use has been associated with the
emergence of new attention-deficit symptoms in a large
longitudinal study [14]. As mindfulness training targets
attentional capacities, there may be reasonable concerns as to
the acceptability of a smartphone app, when smartphones are
frequently viewed as a source of attention disruption [15].
Furthermore, nearly one-fifth of Americans (N=3511, 18%)
report that technology use is a very or somewhat significant
source of stress [16]. For individuals selecting to attend an
MBSR course, prescribing technology use as part of the program
may beincompatiblewith their reasonsfor participating (stress
reduction).

Another key issuein MBSR and MBCT relatesto the practical
guidance given to course participants around the timing of their
practice. It is often recommended that students dedicate a
specific time and particular place to practice and that students
might wake up earlier and devote that time to practice [17].
Such recommendations are consistent with numerous studies
of health behavior change and theoretical models of habit
formation (for review, see [18]), which emphasize the
importance of repeating behaviors in consistent contexts.
However, existing studies have not recorded or assessed when
and how regularly MBSR and MBCT course participants
practice. Thisinformation isof fundamental importanceto both
teachers and students in how they approach the assigned home
practices, which can be challenging to complete.

To address this, we developed a smartphone app to provide
participants with a convenient means to access their home
practice guides during an MBSR course, while simultaneously
recording their listening times. Smartphone-based tracking
provides a means to better understand how and when people
carried out their assigned home practice. By removing the
requirement for participants to fill in paper diaries, we aimed
to obtain more detailed measures of practice completion, with
reduced demands on participants. In this exploratory study, we
aimed to examine participant practice behavior during an 8-week
MBSR program. We used a custom-developed app [19] that
was designed to provide a simple user experience that did not
conflict with any of the principles underpinning MBSR (eg,
evaluating practice time as good or bad). We aimed to assess
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the number of practice ons participants completed, thetime
of day participants practiced at, and the consistency of practice
time.

Methods

Participants

We recruited participants from an MBSR course scheduled to
run at the Danish Center for Mindfulness. Participants were
invited to a face-to-face information session before the start of
the course to decide if they would take part. Participants
self-selected to attend this course and paid afee (€467) and did
not receive any compensation for taking part in this study. A
total of 30 participants were initially registered on the course
(women=21 and men=9).

All participants who consented to participate were provided
with a smartphone (Motorola G5). The phones were prel oaded
with the custom-built Android app that contained the class
teacher’s own mindfulness practice guides. Participants were
asked to use this phone to access their guides and not as a
replacement personal phone. Qualtrics online software was used
to collect participants demographic and health-related

Table 1. Participant demographic information (N=25).

Parsons et al

information before the start of the MBSR course, midway
through the course, and at the end of the course.

Participants were informed that their practice time data would
not be shared with the teacher and would only be stored
anonymously for research purposes. All participants provided
written informed consent to take part. The study was conducted
in accordancewith thelocal Danish legal guidelines. Therewas
no requirement for aformal ethical committee review because
participants’ treatment was not affected by participation in the
study. Participants were already signed up to participate in the
MBSR course before consenting to take part in this study. The
study was registered with the Danish Data Protection Agency
(AU-2016-051-000001).

Datasets from 25 participants were collected (4 women and 1
man not included from the origina course). One participant
changed to a different course time, 3 deleted the app before
returning the smartphone to the research team, and 1 accessed
their guides via alternate means (downloading MP3 files). All
participants were Danish speakers. In all, 2 reported being on
sick leave from work during the MBSR course. Most of the
participants reported high levels of education (Table 1), and the
average age was 49.3 (SD 11.5) years.

Demographic variable

Value, n (%)

Gender

Mae

Female
Living situation

Alone

Living with partner

With children under 18 years
Education

Apprentice or vocational courses

Medium long higher education (3-4 years at university level; eg, Bachelors)

Further higher education (>4 years at university level; eg, Masters)
Other education
Occupation
Employed
Unemployed
Retired
Other

9 (36)
16 (64)

1(4
21(84)
11 (44)

3(12)
8(32)
12 (48)
2(8)

21 (84)
1(4)
2(8)
1(4)

Mindfulness-Based Stress Reduction Class

A teacher who had a doctoral degree in psychology and was
certified by the Center for Mindfulness in Medicine, Health
Care, and Society, United States, taught the face-to-face MBSR
class. The MBSR class was delivered as recommended in
2.5-hour weekly group sessions over 8 weeks with a 7-hour
silent retreat day and 45 min of formal daily homework 6 days
per week [20]. For classes 1 and 2, the formal home practiceis

https://mental .jmir.org/2020/1/€14467

called the body scan that focuses on nonjudgemental awareness
to sensationsin the body. From classes 3 and 4, participants are
asked to aternate between the body scan and yoga practice,
with yoga emphasizing mindful movement, through a series of
gentle stretches. From class 5, participants are assigned sitting
mediation practice, focusing on awareness of the breath, and
yoga practice. From class 6, participants are asked to aternate
the body scan practice with yoga practice. From class 7,
participants are asked to practice on their own, without any
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specific recording, although participants can usethe audio guides
if they wish. The final class (class 8) emphasizes making the
practice your own and using the recordings if desired.
Participants on average attended 7.1 of the 8 classes (SD 1).

Smartphone App Design

We designed an Android smartphone app to present participants
with home practice guides (body scan, seated meditation, and
yoga) and to record the amount of home practice sessions that
participants completed. The app was designed via a
user-centered process, using focus group discussions with both
mindfulness teachers and former students. The focus groups
and the subsequent analysisfollowed and an experience-centered
design approach, which was designed to invite participants to
creatively express something about themselves, their values,
their relationships, and the ways they make sense of experience
[21]. Thedesign processisreported in detail elsewhere[19]. In
summary, the app was designed to include the teachers' own
specific practice guides, rather than guides from another teacher.
The app aso included features such as reminders to practice, a
way of recording students' motivation for participating in the
course, and adiary.

The basic features of the finalized app were similar to those
present in the Oxford mindfulness-based cognitive therapy app

Parsons et al

(Oxford MBCT). Specifically, students could select a guide,
play and pause, and dim the screen. Participants could access
visualizations of practice times (in minutes) from previous
practice sessions using simple bar charts. These visualizations
were designed to ensure that they did not provide any evaluation
of the correctness of participants’ practice behavior. There was
no comparison of participant behavior against the assigned
practice amounts, simply a graphical illustration of the
participant’s own behavior. The app also had a simple diary
function, where participants could note anything important that
occurred during their practice.

There were several features unique to our app. Although other
apps have used mindfulness guides from well-known teachers
(asinthe Oxford MBCT app), we used guides prepared by the
teacher who participants met in weekly face-to-face sessions.
We presented these audio guides, along with a picture of the
teacher. We also included a feature to allow participants to see
how many othersfrom their courselogged into the app that day.
Theoverall aim wasto create asimpleinterface for participants
that required minimal explanation or support from the research
team. We wanted participants to be able to access their guides
in a convenient manner and designed the app such that all other
features were optional (such as, looking at their practice graphs,
see Figure 1, or using the diary).

Figurel. Screenshotsfrom the app interface, illustrating the practice time visuali zations (1 eft) and the main screen with accessto practice guides (right).

Body Scan

EEECEEEN -

Statistical Analysis

The metrics of interest were the frequency with which
participants accessed the practice guides, the length of time
spent listening to each of those guides, and the time of day at
which those sessions were accessed. We analyzed participants
data from 9 consecutive weeks, rather than the typical 7 from
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the MBSR course. This was because there were 2 national
holidays that fell during the standard 8-week course (holidays
occurred on class 4 and class 6). We focused our analyses on
our first 8 weeks of data, which represented the portion of the
course where participants were assigned specific practices. In
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the last week, the participants were encouraged to practice
without an audio guide, as per the MBSR course manual.

Analyzing the time participants spent listening to the practice
guides, we calculated the sum of minutes logged for the full
day. Thiswasto account for instances where participantslogged
in and did a proportion of their practice and logged in again
later. Furthermore, the app did not automatically stop the audio
file playing when the participant closed it. We set the maximum
practicetime per day to 60 min because the home practice guides
were 45 min long, and because 60 min was the upper limit of
self-reported home practice found in arecent meta-analysis[5].
We also repeated our analyses with the maximum practice time
per day set to a more conservative 45 min, and this did not
change the pattern of results obtained.

We examined the regularity of participants practice time using
a number of strategies. First, we examined within-participant
patterns of regularity, using the standard deviation from each
participant’s mean practice start time. Second, we calculated a
stability index for participants' practice start time and used this
to examine changes across the 8-week course. Thismethod was
adapted from a well-established measure in dleep timing
research, wherethe regularity of sleep patternsisimportant (the
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Sleep Timing Questionnaire [22]). We assigned each
participant’s standard deviation in practicetimes (for each week)
as anumber on a 9-point scale, with higher numbersindicating
greater irregularity, based on the following intervals: 1: 0to 1
hours, 2: 1to 2 hours, 3: 2 to 3 hours, 4: 3to 4 hours, 5: 4to 5
hours, 6: 5 to 6 hours, 7: 6 to 7 hours, 8: 7 to 8 hours, 9: >8
hours.

Self-Report M easures

The Symptom Check List-5 (SCL-5), a short form of the
Hopkins Symptom Check List-90, was used to measure
symptoms of anxiety and depression [23]. The Perceived Stress
Scale (PSS-10) was used to measure the degree to which an
individual perceived life as unpredictable, uncontrollable, and
overloading during the previous month [24]. Table 1 provides
al available data from the participant demographic
guestionnaires.

Results

Table 2 presents al available datafrom participants' PSS scores.
Most participants self-reported experiencing moderate (52.2%)
to high (13%) levels of stress (using cutoffs reported, for
instance, in [25]).

Table 2. Self-report questionnaires. Perceived Stress Scale and Symptom Check List scores at baseline, midintervention, and postintervention.

Questionnaire Preintervention Midintervention Postintervention

n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD)
Perceived Stress Scale-10 22 (100) 17.5(6.9) 21 (100) 15.1 (5.3) 12 (100) 13.9 (6.1)
Low perceived stress (0-13) 7(31.8) _a 8(38.1) — 7 (58.3) —
Moderate perceived stress (14-26) 12 (54.5) — 12 (54.5) — 5(41.7) —
High perceived stress (27-40) 3(13.6) — 1(4.5) — 0(0) —
Symptom Check List-5 22 (100) 10.9 (3.3) 22 (100) 10.7 (3.3) 17 (100) 9.2(2.3)

3Not applicable.

App Usage: PracticeListening Time

Participants completed practice sessions a median of 3 times
per week from week 3 onward (see Figure 2). In theweekswith
assigned home practices (weeks 1-8), participants (n=25)
listened to amean of 3.1 (SD 0.9) practice sessions weekly. In
week 1, the mean number of sessions was 4.36 (SD 1.9). By
week 3, participants’ mean number of sessionswas around 3.48
(SD 2.5). Inthe final week, where participants did not have an
assigned audio recording (the guidelines suggest doing practice
without any guide, but participants could use an audio guide if
they wished), 9 participants listened to recordings atotal of 26
times. This suggests that course participants used the app
throughout the course, even when they were not assigned a
specific session that required app use.

On average, participants listened to 123.15 (SD 40.86) min of
audio recordings per week acrossweeks 1to 8. Inthefirst week
of the program, the average listening time was 187.05 min. A
simplelinear regression was used to examinetrendsin listening
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time over the 8 weeks with assigned practice. As the course
progressed, participants spent significantly less time listening
to the recordings (F3,,=83.5; R?=0.06; beta=—0.35; P<.001).
The most frequently accessed recording was the body scan. In
total, participants played this for 443 sessions out of a total
number of 793 sessions. Next most frequently accessed wasthe
yoga recording that was played 183 times, and the sitting
meditation was played 167 times.

When Did Participants Practice?

The most common start time for a practice session was in the
morning (between midnight and midday), in which 34.4% of
sessions occurred (see Figure 2), and in the evening, in which
another third (35.14%) of the sessions were completed. The
afternoon (between midday and 17.00) was the second least
popular time, with 29.7% of the listening times occurring in
thistime window; 0.7% of the sessions were done during night
time. Therewere 2 distinct peaksin practice times, around 08:30
am and 7:45 pm on weekdays. At weekends there was a peak
at around 7:00 pm (see Figure 3).
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Figure 2. Box plot showing participants number of listening sessions recorded over the weeks of the course with assigned practice (week 1-8). The
median listening time for each week is represented by black dotsin each box, and the broken lines represent the minimum and maximum quantiles.

8 -
-r -r - -
| | 1 J
| 1 | !
| 1 1 1
. 6 4 —— . i :
5 .
- :
g ® 1
w I
= |
S !
c 4 |®
0
£
=
=
I I
] 1
J 1
24 = ' !
| | ! 1
1 ' ! 1
| ' ! I
-l _I_ _I_ = k=
1 2 3 4

5 & 7 8

Week number

Figure3. Histogram showing the start times and number of sessions completed in the morning, afternoon, and evenings, across weekdays and weekends.
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Across the 25 participants, there was significant variability in
theregularity of their listening times. Some practiced at smilar
times every day, whereas others did not. For instance, one
participant had an overall standard deviation in practice time
of 0.43 (corresponding to 25.8 min), and another had an overall
practice time standard deviation of 8.17 (corresponding to
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approximately 8 hours and 10 min). The average standard
deviationin listening timewas SD 4.0 corresponding to 4 hours.
Overadll across al participants, there was more variability in
start times across the weekdays (SD 5.21) compared with the
weekends (SD 4.24, see Figure 4). Looking at within-participant
variability, for weekdays, the average SD in start timewas 3.78,
and for weekends, it was 3.33.
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Figure4. Box plot illustrating the variability in participants’ practice start times on weekdays and weekends. The whiskers represent the minimum and
maximum quartile, showing the size of variability in practice start times, which was greater during weekdays. The median starting timeis indicated by

black dots.
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Themagjority of participants (68%) had an overall stability index
that corresponded to 3, 4, or 5 (between 2 and 5 hours of
variation in practice start time). We also repeated this analysis
looking specifically at weekdays, excluding weekends. The
mean stability score for weekdays was 3.6 (SD 2.5), whereas
for the full week it was 3.8 (SD 2.4), a difference that was
statistically significant (t;,5=—1.96; P=.05). Participantstherefore
were dlightly more regular in their weekday start times, as
compared with the full week.

A linear regression showed no significant changes in
participants’ stability indices over the full course (F;3,=0.09;
R?=0.007; beta=0.02; P=.80). This indicates that participants
did not adopt a more regular practice time as the course
progressed. A linear regression model showed no significant
relationship between the calculated stability index for practice
time and the amount of listening time participants completed
(F»=1.3; R?=0.01; beta=—87.36; P=.28) This suggests that, for
the small sample included here, having a more regular practice
time was not associated with greater practice listening time.

Discussion

Principal Findings

We used asmartphone app to monitor participants engagement
with the home practice assignments within a standard format
8-week MBSR course. From this smartphone listening time
data, we found wide variability in how much participants
listened to their home practice guides, with a median of 3
sessions per week recorded, compared with the assigned 6
sessions. This number of sessions is similar to findings from
previous studies using paper-based recording methods (eg, [5]).
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Notably, we were able to assess, for the first time, when and
how regularly (ie, day-to-day variation) participants carried out
their home assignments. Participants most frequently practiced
in the morning, and in the early evening during the weekdays,
and in the afternoon at weekends. Analysis of the time patterns
suggested that participants were generally not setting aside a
regular practice time, even when examining weekdays only.

Number of Sessionsand Timing of Practice

Our dataindicate that participants used the app throughout the
course, in a manner that is in line with previous paper-based
monitoring studies. In fact, participants frequently used the app
even during the week when they were told they could practice
without it (week 7 in the MBSR program). This suggests that
the smartphone-monitoring approach presented hereisfeasible
to implement, and this allowed us to analyze key features of
participants’ practice.

Participants’ median number of listening sessions was roughly
comparable with findings of previous studies of standard format
MBSR and MBCT courses (see systematic reviews by [5,6]).
Thewidevariationin the number of practice sessionsthat people
completed was also in line with genera findings in the field.
We also found that participants gradually listened to fewer
guides asthe course progressed. Thisisin linewith other studies
showing that participants report practicing the most in the early
weeks of the course, with a gradua drop-off as the course
proceeds [26]. The most commonly accessed guide was the
body scan meditation that waslogical, given that the body scan
isthe most frequently assigned activity in the program (ie, itis
the only assigned practice for the first 2 weeks, and for other
weeks, participants are asked to alternate between the body scan
and other practices [27]).
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Our key finding wasthat the most frequent practicetime during
weekdays was in the morning, where there was a clear peak in
participants' listening frequency. This suggests that many
participants are setting some morning time to practice, in line
with the seminal recommendations from Williams et al [17].
However, on weekends, this pattern shifted, and participants
peak listening time was in the early evening. We performed
analyses on the regularity of participants’ practice which
indicated that, on average, participants did not stick to a
consistent practice time from day to day. We found that
participants were dlightly more consistent in their start times
across weekdays, compared with the full week, but there was
still considerable weekday start time variability (approximately
3 hours).

Thisinformation on timing and regularity of practiceisof clear
importance to teachers and may be used to better support
participants home practice. Research on habit formation
suggeststhat consistency, choosing the sametime and place for
the target behavior, is of particular importance (eg, [28]). For
mindfulness practice, teachers may helpfully address this,
particularly for students who are having difficulty completing
their home practice. Whether it is important that participants
practice at the same time during the weekdays and weekends
isan open question for future research. Students might be guided
to reflect on their own routines, or lack thereof, to establish and
maintain a mindful ness practice habit. Research on completion
of other health-related behaviors suggests that weekends can
be more problematic than weekdays. For instance, studies on
medi cation-taking behavior show that weekend doses are more
likely to be missed than weekday doses (eg, [29]), and having
amedication routine (taking at the same time each day across
the week) is associated with better adherence (eg, [30]).

We did not find evidence for an association practice regularity
and overall practice time in our statistical analysis; this may
have been because our sample size was small. The aim of this
exploratory work was not to establish that such effects exist,
rather to systematically measure home practice in a standard
format MBSR course using a smartphone-based automated
method. In particular, we were able to examine features of
practice, timing, and regularity, which paper-based
methodol ogies have not monitored. We believe thisinformation
is of interest to mindfulness teachers and students because we
know that it is more difficult to repeatedly engagein abehavior
if it isnot part of adaily routine. This smartphone-monitoring
approach, if scaled up, would allow us to test the importance
of regular practice time for practice engagement and its
association with outcomes.

Limitationsof the Smartphone-M onitoring Approach
and This Study

There were several limitations to this approach. First, we
assumed that parti cipants used the smartphone app astheir only
means of listening to their mindfulness practice guides. This
may not have been the case. Thereisan abundance of MP3files
available for free online (along with other popular apps, such
as Headspace), and participants could have practiced with these,
even though they are not strictly the assigned practices. It is
also possible that participants did silent practices and not the
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assigned practices. Second, it ispossiblethat participants pressed
play on the guide within the smartphone app but did not actually
listen to the guides. For instance, one participant in our
user-centered design group suggested that she might cheat by
pressing play on the recording and leave the phone while she
engaged in other tasks [19]. We cannot exclude such a
possibility.

Third, we had poor completion rates for the final follow-up
mental health questionnaires, and we did not obtain a measure
of state (eg, the Toronto Mindfulness Scale [31] or trait
mindfulness (eg, the Five-Facet Mindfulness Questionnaire
[32]) which would have been of interest. Poor questionnaire
completion rates have been reported in similar self-paying
participant samples [33]. Furthermore, 3 participants deleted
the app before returning the smartphone to the research team.
Wetook thisas an indication that those individual swere opting
out of participating in the study, in addition to the participant
who chose to download MP3 files instead of using the app.
These participants did not communicate a reason for deleting
the app, and we did not have a procedure in place to ask about
this.

It may be that those participants were uncomfortable sharing
data on their practice behavior with the research team. Opting
out of sharing data may be because of nonadherence, asisoften
discussed in relation to missing data on medication adherence
[34]. It may also be because some adults are less comfortable
sharing data related to mental health issues, compared with
other aspectsof health [35]. Although weinformed participants
that their practice data would not be shared with the class
teacher, we could also have added a data sharing option within
the app. This could have served a dual function: alowing
participants to share data with their teacher if they wished and
reminding participants explicitly that they could choose not to
dothis. For asmall subset of participants, smartphone recording
of treatment engagement may be undesirable, and they may
prefer to use more traditional means of accessing their practice
guides.

Finally, we acknowledge that this is a small sample, and the
self-selecting nature of the participant group limitsthe potential
generalizability of the findings. Through their self-selection,
we can assume that our participants here were motivated to
practice mindfulness, perhaps more so than participants who
do not seek out this specific course, as now sometimes occurs
in health care settings. This is important because there is
evidence that patient preference for treatment can impact
treatment outcome [36]. Indeed, there is evidence that baseline
differences between adults before training can predict
engagement with practice [37]. This suggeststhat there may be
characteristics that differentiate those attracted to mindfulness
from the general population [1].

Strengths of the Study

The majority of participants used the app regularly across the
course, although there was wide variation in the actual number
of listening sessions recorded. Overall, this suggests that
smartphone-based access to mindfulness guidesisfeasible and
acceptable to most participants. There are several advantages
to this approach: it offers a convenient and universal means for
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participants to access their home practice guides. Participants
otherwise use avariety of MP3 players and desktop computers
to access these and typically do not record their home practice
completion.

Furthermore, we suggest that this approach will reduce the
burden to the teacher of having to manually collect 25 to 30
home practice diary sheets from class participants. There have
been numerous calls for better monitoring of participants
at-home treatment engagement [5,6] . In fact, although recording
of home practice completion is common in research studies, it
is not widely carried out in community settings. In fact, the
Danish Centrefor Mindfulness, where we conducted this study,
did not use practice recording forms, despite being a
research-oriented center, because of the additional administrative
task in doing so.

Smartphone recordings also reduce the burden on participants
of having to fill in additional paperwork. This is important
becauseit is often the case that a self-selecting and self-paying
population (whichistypical for MBSR) show low participation
rates when asked to fill in questionnaires on their experiences
during the MBSR program [33].

Although mindfulness-based apps are incredibly popular, the
actual use of app-based monitoring with clinical populations,
and in standardized mindfulness-based interventions, islimited.
Mindfulness apps have been explored predominantly in
academic research in nonstandardized and often brief training
formats [38,39]. We bridge this gap, using a smartphone app
inareal-world context, to support adultsin acommunity setting
who had already signed up to attend an MBSR course. This
type of populationisof clear interest and arguably distinct from
those who already engage with health-rel ated technol ogy (adults
who are health conscious and who want to quantify progress;
[40D).

Avenues for Future Work

The issue of the practice dosage in mindfulness training is
among the most important practical questions [12] yet has
received little research attention. By scaling this app for use
with larger samples of participants, and multiple teachers, it
will be possible to address outstanding questions in the field.
For example, is it more effective to practice in multiple, brief
sessions in a given day, or in one longer session, as currently
recommend? |s it more sustainable to practice in the morning,
and can this be maintained beyond an 8-week program? and
Should participants be advised to practice at similar timesacross
weekdays and weekends? At present, we do not know the
answers to these questions.

The app-based approach presented here offers a feasible route
to longer-term assessment of participants mindfulness practice
behavior. This is of interest, because the mgjority of studies
report on participants’ practice only during the 8 weeks of the
MBSR or MBCT program [6], and the limited available
evidence of within-participant changes suggests that higher
practice engagement 2 to 6 months after training predicts|ower
levels of subsequent stress [41]. By relying on methods that
requireless concerted efforts from participants and researchers,
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itislikely that we can collect larger, more representative datasets
on postintervention practice.

Although we focus on mindfulness-based interventions, there
are numerous other evidence-based treatmentswhere homework
isacentra component, such as Cognitive Behavioral Therapy
(CBT). In CBT, patients are asked to record thoughts and
emotions, plan activities, or track mood, and compliance with
these homework exercises has been correlated with treatment
outcomes (meta-analysis; [42]). It has been clearly argued
elsewhere that well-designed apps might helpfully support
patientsintheir CBT homework completion [43,44]. Wefurther
propose that the systematic recording of homework completion,
itstiming and consistency aswe achieved herefor MBSR, may
also be of value. Studies examining the homework completion
and CBT treatment outcome association have relied on
paper-based self-reports for the most part [42], as for MBCT
and MBSR. Smartphone monitoring offers a number of clear
advantages in terms of convenience and the potential for
automaticity.

We used our app to collect time-based metrics only, but
smartphones provide a number of methods for measuring
physiological signals relevant to mindfulness practice. Recent
work has, for example, correlated heart rate measured with
contact photopl ethysmography (contact of fingertip to built-in
camera) and electrocardiograms and reported reasonable
accuracy [45]. Breathing rate has also been measured using
noncontact video recordings of chest and abdominal motions,
correl ated with respiration belts measures, again with reasonable
accuracy [46]. These physiological signal measurements might
be integrated into smartphone monitoring of at-home
mindfulness practice and would provide new ways to link
laboratory-based experiments of practice with real-world
measurements. Finally, our app did not directly assess
participants’ user experiencein vivo (eg, viaan inbuilt feature),
and in-depth qualitative examinations of individuas
experienceswill be of clear importance for future devel opment
of the app.

Conclusions

The 2 standardized mindfulness training courses with the most
substantial body of clinical evidence, MBSR and MBCT,
involve significant at-home assignments of formal mindfulness
practice. Participants’ self-reported completion of formal home
practice is associated with treatment outcomes, but self-reports
are considered to be methodol ogically problematic. Furthermore,
it is often recommended that course participants set aside a
regular practice time, preferably in the morning. However, the
extent to which participants do this has not been systematically
examined. In this study, we used a novel smartphone app to
provide participants with access to the daily at-home practice
exercises during MBSR. We found that participants listened to
amedian of 3 of the 6 assigned practice sessions per week over
the 8-week course. During weekdays, participants practiced
most frequently in the morning, but there was considerably
variation in participants practice start times. During the
weekend, the peak practice time was in the evening. Overall
the data suggested that participants did not set aside a regular
daily practice time. We suggest that it is feasible to integrate a
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smartphone-monitoring  approach into an existing, may be helpful to both teachers, students, and researchers in
well-established mindful nessintervention, and thiscan provide  establishing the most effective means to support treatment
valuable insights into participant behavior. This information  engagement.
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Abstract

Background: In the last decade, there has been a proliferation of mobile apps claiming to support the needs of people living
with depression. However, it is unclear what functionality is actually provided by apps for depression, or for whom they are
intended.

Objective: This paper aimed to explore the key features of top-rated apps for depression, including descriptive characteristics,
functionality, and ethical concerns, to better inform the design of apps for depression.

Methods: We reviewed top-rated iPhone OS (iOS) and Android mobile apps for depression retrieved from app marketplaces
in spring 2019. We applied asystematic analysisto review the selected apps, for which datawere gathered from the 2 marketplaces
and through direct use of the apps. We report an in-depth analysis of app functionality, namely, screening, tracking, and provision
of interventions. Of the initially identified 482 apps, 29 apps met the criteria for inclusion in this review. Apps were included if
they remained accessible at the moment of evaluation, were offered in mental health—relevant categories, received areview score
greater than 4.0 out of 5.0 by more than 100 reviewers, and had depression as a primary target.

Results: The analysis revealed that a mgjority of apps specify the evidence base for their intervention (18/29, 62%), whereas a
smaller proportion describes receiving clinical input into their design (12/29, 41%). All the selected apps are rated as suitable for
children and adolescents on the marketplace, but 83% (24/29) do not provide a privacy policy consistent with their rating. The
findings also show that most apps provide multiple functions. The most commonly implemented functions include provision of
interventions (24/29, 83%) either as a digitalized therapeutic intervention or as support for mood expression; tracking (19/29,
66%) of moods, thoughts, or behaviors for supporting the intervention; and screening (9/29, 31%) to inform the decision to use
the app and its intervention. Some apps include overtly negative content.

Conclusions: Currently available top-ranked apps for depression on the major marketplaces provide diverse functionality to
benefit users across a range of age groups; however, guidelines and frameworks are still needed to ensure users' privacy and
safety while using them. Suggestionsinclude clearly defining the age of the target population and explicit disclosure of the sharing
of users’ sensitive data with third parties. In addition, we found an opportunity for appsto better leverage digital affordances for
mitigating harm, for personalizing interventions, and for tracking multimodal content. The study further demonstrated the need
to consider potential riskswhile using depression apps, including the use of nonvalidated screening tools, tracking negative moods
or thinking patterns, and exposing users to negative emotional expression content.

(IMIR Ment Health 2020;7(1):€15321) doi:10.2196/15321
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Introduction

Background

Depression is a major affective disorder with significant
socioeconomic cost [1], affecting over 300 million people
worldwide [2] across the life span [3]. However, access to
treatment is problematic [4] given the acknowledged barriers
such as high treatment cost, time constraints [4], geographical
location [5], and stigma [4-7]. With over 90% worldwide
penetration [8], mobile phones have significant potential to
scale up the provision of interventionstargeting depression [9].
They are especially useful to reach users who do not normally
seek professional support, such as adolescents[10]. Prior work
has already indicated a high user acceptance and effectiveness
of mobile-delivered interventions for depression [11,12]. The
number of mobile apps available on marketplaces offering
treatment for depression has also been growing rapidly [9,13].

The appsavailable on mobile phone marketplaces provide access
to arange of interventions targeting depression [14-16], which
people can select and download tofit their needs[17]. Yet, users
acting independently can only select apps based oninformation
that is available at the point of download, ie, popularity, user
ratings, or app descriptions provided on the marketplaces.
Evidencefor supporting assessment of the quality of an app, i€,
structured description of its main features, evidence-based
functionality, and potential risks, isnot reflected in user ratings
of apps[18,19]. Additionally, marketplaces do not require app
developers to provide such information [20,21]. As a resullt,
concerns have been raised regarding the lack of an evidence
base for mental health apps [15,19,22] and poor regulation of
the major mobile marketplaces[23-25] hosting them. Prior work
[26] has also suggested the importance of having controlled
clinical trials to determine the efficacy of new therapeutic
treatments. In this newly established field of mobile health
(mHealth) apps, most apps clam to be informed by
evidence-based treatments rather than presenting rigorous
evaluations of the app itself.

Besides efficacy, understanding patients (eg, their
characteristics, needs, and behaviors) isalso key for improving
the uptake of apps[26,27]. Most human-computer interaction
(HCI) studies on understanding [ 28-30] or supporting depression
have focused on designing and eval uating mobile technol ogies
in research contexts rather than marketplaces[31-33]. Scholarly
work has aso called for the evaluation of commercia apps for
depression to support the effective development of the rapidly
growing market of commercial apps[10,13,15]. However, such
evaluations tend to focus in isolation on specific aspects such
as ethics [34] and safety [35] or on specific interventions such
as cognitive behavior therapy (CBT) or acceptance and
commitment therapy (ACT) [10,19]. Moreover, previous
evaluations tend to analyze app information from marketplaces
without the actual experience of using the apps [15].

https://mental .jmir.org/2020/1/€15321
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Objectives

This paper addresses these limitations by focusing on a broader
range of interventions and functionality of the top-rated apps
for depression. Thus, we focused on the following research
guestions:

1. Which are the key functionalities of the top-rated apps for
depression available on iPhone OS (i0S) and Android
marketplaces?

2. Isthisfunctionality described and delivered in away that
supports user privacy and safety?

Methods

Overview

This paper focuses on apps selected in spring 2019 from 2 major
marketplaces, iOS and Android, whose analysistriangul ates (1)
reviewing app ratings on marketplaces to identify the top-rated
apps for depression, (2) reviewing app descriptions on
marketplaces, and (3) experimental evaluation through author
interaction with the apps as expert HCI researchers[36,37].

App Selection

We now describe the selection process (Figure 1). The apps
were initialy identified through the 2 keywords “ depression”
and “depressed” entered into App Crawler and Google Play
search engines. A script was used [38] to extract all the apps
shown in the search results. The script automatically downl oaded
information for each app from its marketpl ace, including name,
category, marketplace description, price, review score, and
number of reviewers. This resulted in 482 apps, and after
removing duplicates, 444 apps were included in the later
selection.

The strategy for app selection outlined in Figure 1 aimed to
include top-rated publicly available apps targeting primarily
depression. From theinitially identified 444 apps, we excluded
those that (1) had less than 100 reviews; (2) were inaccessible
at the time of selection; (3) belonged to irrelevant marketplace
categories such as social, casual, business, news, or book; and
(4) had average user review scores lower than 4.0 (out of 5.0).
The application of these criteria on the initial set of 444 apps
resulted in 94 apps for consideration.

From these apps, we further excluded those that did not focus
primarily on depression by employing the following criteria:
(2) the words “ depression” or “depressed” do not appear in the
app’stitle or marketplace description of the app, (2) the primary
target is not depression (eg, yoga tracker), and (3) their
marketplace description mentions that people with depression
should not usethe app. These criterialed to 31 apps, from which
we further excluded 2 more apps as their functionality was
limited to the provision of therapy sessions to be purchased
in-app. The remaining 29 apps were analyzed in this review
(see Multimedia Appendix 1).

JMIR Ment Health 2020 | vol. 7 | iss. 1 |€15321 | p.138
(page number not for citation purposes)


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

JMIR MENTAL HEALTH Quetal

Figure 1. App extraction progress.
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Data Extraction To extract data on app functionality, between June and October

2019, 2 rounds of experimental evaluation [36,37] were used
Descriptive characteristics of the apps were extracted fromthe  jn which the authors as HCI experts interacted with the apps
information provided on the marketplace. These included using both Android and iPhone mobile devices (ie, Samsung
category, costs, target audience, whether they claimed to be  tablet and Xiaomi phone for Android apps and iPhone for iOS
evidence-based (including explicit scientific underpinning and  gpps). The entire set of apps was evaluated by 2 authors (CQ
clinical input), and data supporting analysis of ethical aspects and CD), and 21% (6/29) of the apps were evaluated by all
such as the privacy policy. authors. The coding scheme was iteratively revised until
agreement was reached among al the coders. The coding
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process was hybrid, integrating both deductive and inductive
coding. Informed by prior work on the classification of mHealth
apps [14], the deductive codes consisted of 3 main types of
functionality of depression apps: screening, tracking, and
provision of interventions (Table 1). The inductive coding [39]

Table 1. Main codes and subcodes from functionality’s evaluation.

Quetad

allowed the identification of specific subcodes under each of
the main functionality described above. For instance, the
screening function was broken down into subcodes such as
symptom monitoring, self-diagnosis, and basis for
personalization.

Functionality type and subtype Definitions

Screening
Monitoring symptoms
Self-diagnosis
Basis for personalization
Tracking
Tracking thought patterns
Tracking mood patterns

Tracking behavior as the intervention pro-
gresses

Tracking depression symptoms
Intervention

Thought diaries

Psychoeducation

Mindfulness

Behavioral techniques

Mood expression

Other

The screening function is provided for monitoring depression symptoms during intervention
The screening function is provided for self-assessment of depression

The screening function is provided as abasis for personalized intervention

The tracking function supports the tracking of thought patterns
The tracking function supports the tracking of users’ mood patterns

The tracking function is provided for monitoring progressin following the intervention, including
users adherence to the intervention

The tracking function is provided for monitoring symptoms

The intervention is provided to help usersidentify and challenge their negative thinking patterns
The intervention is provided as psychoeducational content

The intervention is provided to help usersimprove mindfulness

Theintervention is provided to motivate and guide users to perform positive behaviors

The intervention is provided for users to express their emotions

The intervention is provided as emotional regulation strategies other than mindfulness

Results

Overview

The description of findings is organized into 3 parts. The first
outlines a broader picture focusing on descriptive app
characteristics (eg, categorization). The second part covers
ethical considerations. The third part looks in more depth into
specific functionality such as screening, tracking, and provision
of interventions.

Descriptive Characteristics

This section describes the characteristics of the selected apps,
for example, the main categories under which depression apps
are classified on marketplaces, their target audience, costs,
evidence base, medical disclaimer, and whether involving of
clinicians' guidance while using the apps.

Categorization

The 29 apps reviewed in this study belong to 3 categories used
to describe apps on the marketplaces. The most popular category
is health and fitness (18/29, 62% apps), followed by lifestyle
(4/29, 14% apps) and medical (7/29, 24% apps).

Targeted Audience (Age Group)

An important finding is that app marketplaces rate al apps as
suitable for nonadult users (Multimedia Appendix 2). Most of
the selected apps were classified as being suitable for children
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from preschool age: 76% (22/29) of apps were rated for those
older than 3 years, 3% (1/29) for those older than 4 years, 7%
(2/29) for those older than 12 years, 3% (1/29) for those older
than 16 years, and 10% (3/29) with parental guidance.

However, only 41% (12/29) of the apps provide aprivacy policy
intended to protect children’s data. Half of these privacy policies
(7/12, 58%) claim to restrict usersto a specific age group, albeit
this approach is inconsistent with the app’s age rating on the
marketplace. For instance, one app (A8, see app ID in
Multimedia Appendix 2) statesin its privacy policy that the app
does not provide services to users who are younger than 18
years; in contrast, it israted on the marketplace as Pan European
Gamelnformation (PEGI) 3. Thismay be because of amismatch
between age rating definitions oriented around the inclusion of
material such asviolent content, and health care appsthat should
have age restrictions because of the personal and sensitive nature
of the content, with associated risk for harm.

In addition, all the apps apply the same design across all ages,
and we did not find any customization for users who are
children, such asinvolving in-app interactions to allow parents
to collaborate or monitor their children while using the app [40].

Targeted Audience (Clinical Nosology)

All included apps claim to target users with depression. Most
of the apps (20/29, 69%) represent depression as a lack of
well-being (eg, feeling stressed or having low mood). Lessthan
one-fifth of the apps (5/29, 17%) actually represent depression
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asamental disorder, whereasonly 1 app (A18) employs Patient
Health Questionnaire-9 (PHQ-9) [41] to assess the severity of
symptoms. Another 14% (4/29) of apps do not claim to target
depression asadisorder, yet employ validated toolsfor ng
users depressive symptoms. Furthermore, none of the apps
claimsto target users with a specific level of severity (ie, mild,
moderate, or severe depression).

Costs

An important finding is that although most of the apps (28/29,
97%) are free to download, at least some of their costs are
covered either directly or indirectly by users (Multimedia
Appendix 2). The direct costs consist of explicit charges for
more advanced features, whereas indirect costs relate to users
forced consumption of in-app advertisements. In-app purchase
was offered by 66% (19/29) of the apps, mostly asasubscription
priced between US $3.99 to US $29.99 per month, or as paid
onlinetherapy sessions (US $35/hourly session over call, video,
or chat, A11). Advertisements were provided by 34% (10/29)
of apps, which raises privacy concerns. Of the apps with
advertisements, 80% (8/10) stated specifically in their privacy
policies that users' information, captured for instance through
cookies, would be collected and shared with third parties,
including advertisers or analytics providers. Only 1 app that
offered advertisements claimed that users' data would not be
collected or shared (A29), whereas another app (A7) did not
provide a privacy policy in English. Only 17% (5/29) of apps
that are free to download neither request in-app purchase nor
provide advertisement. Only 1 app requires purchase (for US
$4.99) before downloading.

Evidence Base

Developers of 62% (18/29) of the apps have specified a
scientific underpinning for their app design, whereas another
38% (11/29) do not make such a claim (Multimedia Appendix
3). Almost half of the apps (14/29, 48%) claim to be designed
based on validated psychological treatments (eg, CBT, ACT,
dialectical behavior therapy, and mindfulness). The remaining
14% (4/29) are designed based on theories pertaining to
gamification, hypnosis, and affirmations. However, only 7%
(2/29) of the apps provide direct evidence in the form of
peer-reviewed scholarly work on the efficacy of the app for
reducing depression symptoms [42,43], whereas another 34%
(10/29) of apps provide indirect evidence of efficacy of their
underpinning theories without referencing any academic work.
For instance, 8 apps (A3, A4, A5, A15, A16, Al7, A18, and
A28) are promoted as evidence-based therapeutic toolsby claims
that their design is grounded on evidence-based treatments (ie,
CBT). Inaddition, 41% (12/29) are described as being designed
with input from clinicians (eg, psychologists, psychiatrists, and
therapists), whereas 59% (17/29) do not mention the
involvement of mental health professionalsin their design.

Medical Disclaimer

A medical disclaimer is presented in 66% (19/29) of the apps,
outlining that the app is not areplacement for clinical treatment
(Multimedia Appendix 3). However, 11 out of these 19 apps
(11/19, 58%) only present this disclaimer in their terms of use
policy, whichisdifficult to find and unlikely to be read by users.
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Another 35% (10/29) of apps do not provide any disclaimer on
either marketplace or app’s website. No app presented itself as
an alternative to clinical treatment (ie, drug treatment or
face-to-face psychotherapy).

Clinical I nvolvement

All apps are designed to be used independently and do not
require professional guidance while using them (Multimedia
Appendix 3). In addition, 5 apps (5/29, 17%) provide
opportunities to involve health experts while using the app. Of
these, 2 apps support accessto coaching and counsaling sessions
asan additional intervention for apriceranging from US $29.99
per month (A27) to US $35 per hour (A11). The other 3 apps
allow usersto sharetheir in-app data (eg, health tracking report)
with their health care providers (A16, A22, and A24).

Ethical Considerations

This section describes the ethical considerations raised while
reviewing selected apps.

Negative Content

Aligned with the concerns raised by prior work that apps with
poor design present an increased risk of potential harm [15,44],
the results show that 2 out of 29 apps are categorized as
so-called wallpaper apps. Such apps support people, “reflecting
the true nature of the pain and londliness in [your] heart [...]
give permission to feel the way you do” (A12). We found that
these 2 apps include images or quotes capturing negative
thinking (eg, “Do you ever get in those moods where you just
don't feel like existing,” A12). Surprisingly, these 2 apps with
potentially disturbing content arerated as PEGI 3 (A12) or PEGI
12 (A6) on the marketplace, which indicates that the apps
content merely includes bad language. As prior studies[45,46]
have indicated, adolescents exposure to negative content may
trigger negative behavior such as self-harm. Therefore, thereis
a clear need to explore safeguarding strategies for protecting
vulnerable users such as those at risk of self-harm or suicide,
especialy given that these 2 apps are highly rated on the
marketplace, ie, between 4.4 and 4.6 out of 5 and are
subsequently more likely to be selected for use, adoption, or

appropriation [47].

Safety

Strikingly, despite the increased vulnerability of people living
with depression, 72% (21/29) of apps do not provide any
information for handling or preventing the risk of suicide
(Multimedia Appendix 4). Only 28% (8/29) of apps provide
such information; in particular, most of these apps (5/8, 63%)
provide information on accessing suicide prevention helplines,
counseling websites, or support services, whereas 25% (2/8)
provide information advising users to contact local emergency
services if in critical risk of harm. In addition, 1 app (A18)
assists usersin creating a personalized safety plan for handling
crises.

Functionality Review

We now discuss the functionality of reviewed apps such as
screening, tracking, and providing interventions.
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Screening

A total of 9 apps offer functionality to screen for depression;
their features are summarized in Multimedia Appendix 5.
Almost half of the apps that provide screening functionality
(4/9, 44%) aim to assess changesin users' depression symptoms
during engagement with the app-provided intervention.
Interestingly, despite the acknowledged benefit of
personalization to support adherence [48], most of these apps
(3/4, 75%) provide predefined psychoeducation articles upon
informing users of their screening result, rather than tailored
information for addressing particular issues identified through
screening. All 4 of these apps employ the PHQ-9, a validated
screening tool. An interesting outcome in this context relates
to the frequency of the screening. Although 2 apps supported
periodic repeated measures of users' depression (ie, apps suggest
or limit access to the screening tool only once in a fortnight),
another 2 appsinstead alowed on-demand momentary screening
of users depression (ie, users can access screening tools as
frequently as they want with no instructions regarding an
appropriate frequency).

In addition, 33% (3/9) of the apps provide stand-al one screening
functionality for self-diagnosis purposes. Furthermore, 2 out of
3 apps classified into this category provide only screening
functionality (A29 and A24), whereas another app (A16) also
provides mood regulation strategies in addition to screening as
its primary function. Thefirst 2 apps (A29 and A24) do not use
validated screening toolsand do not provide direct in-app links
to professional help upon informing users of the severity of
their screening results. We found that the other app (A16)
enablesthe potential benefits of screening while avoiding harm,
as it provides support for both psychoeducation and for
discussing the diagnosis and its implications with mHealth
professionals [15,19]. In addition, the app (A16) provides
screening as the main functionality through the use of
International Classification of Diseases-10 [49], a validated
screening tool, and in-app links to professiona support. A16
also allows users to generate a report of the screening result to
show to their own health care professionals.

The other apps (2/9, 22%) provide ascreening functiontoinform
the delivery of personalized app content. One app asks usersto
self-report their disorder and symptoms (A 19), whereas another
app uses a questionnaire as a screening tool (A11), although it
provides neither the source of this questionnaire and information
on its validity nor evidence for the personalization of
intervention. This app offersin-app purchase of online therapy
sessions; however, this is not integrated with users’ progress
through the intervention or their screening resullts.

Tracking

Out of the 29 apps, 19 apps offer functionality for tracking at
least one aspect such as thoughts, behaviors, moods, or
depression symptoms (Multimedia Appendix 6).

Appsthat track multiple aspects serve different purposes; 89%
(17/19) of these apps support tracking to assist the provision of
personalized intervention, ie, tracking thought changes for
providing materialsto apply within theintervention or tracking
users behavior for visualizing their progress and adherence to
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the intervention. Furthermore, 37% (7/19) of the apps support
mood tracking for revealing their triggers and patterns. Another
26% (5/19) of apps support tracking of symptoms of depression
through frequent use of screening tools, and 1 of these 5 apps
(A16) tracks aspects such asthought changes, mood, or physical
condition (ie, appetite, deep) over fortnightly periodsto generate
the screening result.

Thought tracking is supported by 74% (14/19) of the tracking
apps, mostly combined with mood tracking on the same data
entry. Good practices for improving usability have started to
emerge, for instance, in the form of templatesfor guiding users
through the tracking process (available in 11/14, 79% apps).
There is also an opportunity to explore aternative modalities
for mood tracking. From the selected apps, we found that text
isthe most commonly employed modality for recording thoughts
(14/14, 100% apps) and moods (9/14, 64% apps). Other
modalities such as emoticons are being used to record moods
tagged with thoughts (4/9, 44%), and scales are being used to
record mood intensity (1/9, 11%). Opportunities also arise for
better representing the thought logs, for instance, introducing
searching or filtering functionality. Currently, all 14 apps present
thought logs directly to users in chronological order without
the option of searching them.

Of the 42% (8/19) apps that track user behavior as progress
through the intervention, 3 apps automatically log users
adherence to the proposed usage goals for app-delivered
intervention (eg, minutes spent on app-delivered meditation),
whereas 5 apps track user’s achievement of positive behaviors
suggested by the app (eg, socializing with friends and drinking
water). Apps for the latter purpose mostly require usersto log
their achieved activity themselves, whereas 1 app allows
automatic tracking (ie, step count, A13). In addition, only half
of the progress-tracking apps (5/8, 63%) provide a summary
visualization of intervention progress (2 apps provide agraphical
summary, eg, A1l provides a calendar view). Another 3 apps
provide atextua summary (eg, A17 displays the total number
of minutes of meditation, without providing a record of each
specific meditation). The other 38% (3/8) of apps provide direct
access to textual logs with no summary.

In addition, 37% (7/19) of the apps support the understanding
of mood patterns through visualizations. Such apps often track
moods alongside their triggering factors (available in 4 apps)
or physical conditions such as headache (available in 4 apps);
the aim of the former is to understand the reasons for changes
in mood, whereasthe latter aimsto reveal theimpact of physical
conditions on such changes. Despite the clear purpose of
supporting understanding articulated by developers, the
representation of logged data does not easily support the
understanding of data patterns. Even though a graphical view
of mood changes over time is provided by all 7 apps, most of
them (4/7, 57%) provide it separately from the graphical view
of other tracked factors (eg, A14, A28, and A1l provide a
graphical view of mood changes within a period and a textual
representation of mood triggering factors). Another 3 apps (3/7,
43%) offer an integrated representation of changes in physical
condition with changes in mood, which may make it easier to
understand rel ationships between the two.
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Furthermore, 26% (5/19) of the apps automatically track
screening results for symptom monitoring. Most of these apps
(4/5) provide only a textua review of screening results, in
chronological order. Only 1 app (A28) aso provides a graphic
visualization of changes in screening results.

I nterventions

Overdll, 5 types of interventions were identified in the analysis
(see Multimedia Appendix 7), reflecting a mixture of elements
from psychological interventions, including thought diaries,
psychoeducation, mindfulness, scheduling positive behaviors,
and others. A distinct group of apps aims to support emotional
expression rather than a particular psychological intervention.

Thought diaries are a common intervention employed by
one-third of the apps (9/24, 38%). This intervention borrows
from traditional CBT practice by providing instructions for
identifying negative thought patterns and for challenging
distorted thoughts. One approach to tailoring interventions is
to employ guidance for challenging real-time tracked thoughts
or emations. Most of these apps (7/9, 78%) provide thought
diaries as tailored interventions consisting of guidance for
identifying and selecting personal challenging thought patterns
to guidethewriting of reflective diaries. Another 2 apps provide
ageneric templateto guidethought diaries, rather than adaptive
or personalized guidance.

Apart from thought dairies, another set of 9 apps (9/24, 38%)
provide specific psychoeducation as an intervention. Findings
suggest that 44% (4/9) of such content is provided to specifically
fit users depression assessment, whereas 56% (5/9) is
nonpersonalized, generic content.

Mindfulness[50] is another popular intervention (11/24, 46%)
as most of the selected apps include meditation (9 apps),
grounding techniques (1 app, A26), or breathing guides (1 app,
A2). Furthermore, 4 apps suggest a frequency of use for the
intervention, eg, 1 meditation session per day (A1), whereas
the others do not specify afrequency of use. In addition, 2 apps
provide adaptive interventions (ie, meditation guidance)
triggered by users' input (eg, during users conversation with
artificial intelligence [Al]-based chatbot, A27 and A28).

In addition, 17% (4/24) of the apps delivered interventions for
scheduling positive behaviors (or behavior activation). Aligned
with prior work, personalization [19,29] is a good design
principle for engaging users with app-delivered interventions.
Overall, 3 apps offer tailored intervention materials by allowing
usersto enter positive behaviorsthat they wish to schedule (eg,
A15, A18, and A2l), and another app (Al1ll) provides a
personalized monthly plan based on the results of the users
screening measures. Other valuable design choices supporting
engagement include offering peer support [19] during the
intervention (1 app, A21) or using gamification for providing
daily intervention goas and rewards [51] for completed
activities (2 apps, A1l and A21).

A final category of appsis those helping users to express their
emotions associated with depression (5/24, 21), either by sharing
posts in online support groups or by individually consuming
art-based materials. Of the 2 apps providing peer-supported
mood expression, only 1 provides links to a 24/7 suicide
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helpline. Both apps allow users to filter posts: 1 app (A23)
allows users to set filter words (eg, “suicide”) to hide posts
including such words and safeguard themselves from such
content, whereas another app (A19) filters materials (ie, posts
in the community) automatically and only shows materials that
relate to users' self-reported disorder and symptoms. Apps that
fall in the latter category (3/5, 60%) provide art-based content
for expressing depressive moods, eg, wallpaper pictures with
emotional quotes. However, an important concern is that none
of the wallpaper apps provide any scientific background or
featuresto support access to mental health servicesfor users at
risk of suicide or self-harm. Most of the content of these 3 apps
are negative, and only 1 of these apps also provides some
positive content, being also the only app that offers users the
possibility of personalizing the quotes.

Another 3 apps provide other types of emotion regulation
strategies, including positive affirmations (1 app, A25) or
hypnosis (2 apps, A10 and A20). Customization of intervention
material isavailablein 1 app (A25), which allowsusersto create
positive affirmations and to audio record them.

Discussion

Principal Findings

This paper indicates that the current top-ranked apps for
depression provide various features to benefit users across
different age groups. The potentia of this newly established
marketplaceis promising, especially for reaching subgroups of
users such as adolescents, who are less likely to seek
professional support offline and thus could benefit from
appropriately designed mHealth apps. For this purpose, we
discussthe need and opportunity for regulating the marketplace
to safeguard users and to ensure a positive impact from the use
of apps.

We begin by considering theethical principle of nonmaleficence
[52] within the top-rated apps for depression. First, a clearer
definition of age restrictions on the marketplace could better
support usersin general and younger usersin particular to select
age-appropriate apps. We found ageto be handled insufficiently
and inconsistently in current commercia apps, given that the
age ratings on the marketplace generaly indicate the maturity
of app content rather than the targeted usersfor the app, and we
also found that these ratings were generally inconsistent with
information regarding the targeted age group. Thisrisk isfurther
heightened by the conditions within the reviewed apps’ privacy
policies including the sharing of users' data with third parties
for commercial purposes.

A recent systematic review of HCI work on affective health
technologies also identified potentially harmful aspects of
tracking apps such asthe provision of negative mood or thinking
patterns with insufficient professional support, inadequate
screening, and insufficiently founded diagnosis claims based
on tracked data [30]. With respect to communicating negative
content, we see apps supporting the consumption of publicly
shared emotional expressions of depression generated by others
(A6 and A12). We further advocate that developers should
consider the presence of negative content when selecting an age
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rating on the marketplace, as consumption of such content may
lead to harmful behavior among adolescent users.

In addition, this paper systematically reviewed and analyzed
the apps' functionality. The result inspires recommendations to
guide developers to further leverage digital affordances to
mitigate harm, to deliver personalized depression treatments,
and to track multimodal content. For instance, for apps that
provide screening functionality, there may be a tendency to
overclaim symptom screening informed by nonvalidated
screening tools rather than using validated ones, eg, developers
of A24 and A29 prominently state their apps’ effectivenessin
clinical practice on the marketplace but do not provide scientific
validation for the screening tools employed. In addition, with
regard to the increased vulnerability of depressed individuals,
wefind limited direct accessto professional help when screening
results are communicated to users. For instance, in general, 76%
(22/29) apps do not provide immediate access to suicide
prevention or online counsealing hel plines (Multimedia A ppendix
3).

Safeguar ding Users While Accessing and Consuming
Negative Content

Risk of harm can be identified with respect to the viewing of
strongly negative content from others within the emotional
expression apps for depression. Our findings highlight strong
ethical concerns around these apps. Although arguably beneficia
for people creating it [53], such content might have a negative
effect on those viewing it, especially given that depressed
individuals have atendency toward rumination [54]. We suggest
that such apps should include safeguards for users viewing
highly negative content. Moreover, developers of such apps
could limit views of negative content, especially given that these
2 apps (A6 and A12) are also accessible to adolescent users,
who are susceptible to engage in problem or at-risk behaviors
[40Q]. One deployed strategy wasto automatically cover negative
keywords within app-provided content and to offer a pop-up
window with free psychological counseling helpline every 3
times when users choose to reveal the hidden negative words
(A23).

In addition, apps not specifically designed for children and
adolescents, but with a child-friendly age rating on the
marketplace, should consider introducing customizable designs
for nonadult users. It has previously been suggested that
providing support and treatment sessionswith parents, teachers,
and siblings should be seriously considered when administering
treatment to children with depression [40]. Therefore, we
suggest that designers of such apps should consider mechanisms
to engage parental support or supervision while children or
adol escents are using these apps.

Aninteresting issue with respect to apps supporting thetracking
of mood and thought patterns is the unfiltered presentation of
these datawhen predominantly negative content isbeing tracked.
Apps tracking thoughts only provide access to tracking logsin
chronological order, and this presents a 2-fold limitation. First,
such visualizations can be browsed but not queried to retrieve
a specific entry. Second, browsing such logs may trigger vivid
recall when they capture negative content and may increase the
risk of rumination [29].
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Safeguar ding User sWhile Selecting Age-Appropriate
Appsand Sharing Private Data

The suggestions discussed in this section particularly target the
developers of marketplaces hosting apps for depression.
Previous findings suggested that the regulation of such apps
regarding data privacy remains inadequate [25,32,35] and
reported the prevalence of health-related apps selling users
datato third parties. Survey studies have also indicated that the
general public is less inclined to share their health care data
with technology companies [32]. The identified limitations of
the privacy policies for the reviewed apps illustrate that these
concerns can be better addressed; 24% (7/29) of the appsfailed
to provide any privacy policy in English or in areliable source
(Multimedia Appendix 2). In addition, aligned with prior studies
[26,55], the current privacy policies may be difficult to
comprehend by typical users. We, thus, call for developers to
improve the readability of privacy policies and support the
suggestion of making them easy toread at asixth-gradereading
level [26].

Another concern is protecting the privacy of users' health data
and, in particular, the data of young people while using
depression apps. First, more than half of these apps (24/29,
83%) fail to provide privacy policies that specify strategies to
protect children’s data (16/29, 55%). Second, our findings also
show that although most of the apps are free to download, they
normally come with in-app purchases for additional features or
advertisements. Regarding advertisement, we found that 80%
(8/10) of apps that use advertisements declare that they share
users datafor commercial purposes.

All of the reviewed apps are rated as suitable for children and
adol escents on the marketplace, whereas one-fifth (7/29, 24%)
of the apps specifically claim to restrict access from young
users. This finding demonstrates the need for developers of
marketplaces that host depression apps to increase the
transparency of their standards. For instance, Google specifies
that [56] their age rating is not for describing the apps' target
user group but rather for describing the minimum maturity level
of content in apps such asviolence, drugs, and profanelanguage.

Surprisingly, however, no statement regarding data sharing or
targeted users' agerange could be found on the app descriptions
inthe marketplaceto support users making an informed decision
at the point of downloading the app. The age rating may be
specifically mideading to parents when they are selecting
age-appropriate appsfor their children as developersonly claim
age restrictions in the privacy policy. We advocate a clearer
definition and regulations for age rating of depression apps on
marketplaces.

In addition, we argue that users should be informed upfront of
the risk of having their sensitive data shared with third parties
for commercial purposes. The prevalence of health-related apps
selling users' datato third parties has been previously reported
[25,35,57]. Thus, we argue for the responsibility on the
marketplaces developers to ensure consistency of
privacy-related information in the app description on the
marketplaceswhen compared withits privacy policy or to ensure
that the privacy policy isincluded directly within the app.
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Safeguar ding Users While Screening for Depression

Prior studies [57] have reported the tendency of commercial
depression apps to blur the line between depression as a lack
of wellness or as a mental disorder, which aligns with our
findings. In addition, none of the apps examined claim to target
a specific level of depression severity. Although apps may
potentially reach a wider range of users by following such a
strategy, it may be more difficult to formulate appropriate
safeguards for users whose depression |eaves them with higher
levels of vulnerability [57]. In addition, we found that most
depression apps tend not to undergo a rigorous evaluation of
their intervention components but instead rely on designing the
app based on evidence-based theory [26]. Appswith insufficient
evidence of efficacy present challenges as they may risk
misinforming patients [57]. We advocate clear communication
of the targeted user groups for mHealth apps and marketplace
guidelines to match the required level of evidence for each app
as well as the condition and risks of their specifically targeted
user group.

App-based depression assessment is potentially valuable in
supporting individuals with depression concerns to seek help
and share their electronic health information with health
professionals[15,26]. In addition, health data collected by users
could support professional s understanding of users' symptoms,
which could support diagnosis and the delivery of clinical
treatment. Despite these potentia benefits, the top-rated
depression apps reviewed seldom support this usage. Only 1 of
8 apps offered the option of generating reports of screening
outcomes for sharing with mental health professionals.

Although PHQ-9 isthe most used tool for depression screening,
3 out of 8 apps use nonvalidated screening tools, and information
about screening toolsand their scientific underpinning isseldom
provided within app descriptions. We recommend that app
developers use validated screening tools and provide basic
information about the tools and their validity.

In addition, findings indicate that screening tools employing
periodic repeated measures such as PHQ-9 [41] a so tend to be
used within apps during daily tracking. However, the latter may
be better suited to more lightweight ecological momentary
assessment measures [58] rather than depression diagnosis
measures. We also found afew emerging practices addressing
this concern by suggesting an appropriate frequency for
screening or even limiting the frequency of accessto screening
tools (A16 and A28). Thus, we suggest that app developers
decouple the use of periodically repeated measures such as
PHQ-9 for the purpose of depression screening and the use of
ecological momentary assessment for more frequent daily
tracking of mood, thoughts, behavior patterns, and symptoms
of depression [59].

Quetad

Opportunity to Improve Apps for Depression by
L everaging Digital Affordances

Animportant challenge of mobile appsfor depressionisattrition
[29,60]. Previous work suggested the value of personalization
for improving users' engagement with apps[19,29,61] and the
value of accessing social support [19] and involving concepts
from gamification [51]. In the future, this may involve the
provision of real-time adaptive personalization of intervention
content to the tracked thoughts or emotions [59]. However,
despite the potential of mobile technology to deliver
personalization, apps supporting it are limited. Exceptions here
include the use of Al chatbot conversational agents (A2 and
A28) to respond in rea time to users currently recorded
thoughts, instead of generic (not personalized)
psychoeducational content. Personalization can al so be extended
to the schedul e of activitieswithin an app-delivered intervention.
However, only 1 of the reviewed apps (All) offered a
personalized intervention plan based on users’ screening results.
There is an opportunity to better leverage digital affordances
for personalization when designing apps for depression.

Findings also indicate that tracking within depression appsis
focused on capturing users mood patterns or thought patterns
and their engagement with app-delivered interventions.
However, these distinct types of tracked content are seldom
available together in a single app. We argue for the value of
simultaneously capturing both thinking and emotional content
as these can support better encoding at the moment when an
event occurs and better retrieval later [62,63]. We also suggest
that integrating such tracked content with a record of progress
through the intervention and completion of intervention activities
could better allow users to understand the value of the app for
their well-being. Such combined visualization could further
support users’ engagement and motivation to continue to use
the app-delivered intervention.

Conclusions and Future Work

The rapid increase of mobile apps for reducing depression can
benefit from a closer look and evaluation of the functionality
such apps actually deliver and the potential ethical issues that
they raise. From asystematic analysis of 29 top-rated depression
apps on the major marketpl aces, we suggest that devel opers of
marketplaces should regul ate depression apps to mitigate ethical
risks, including missing, inadequate, or inconsistent privacy
policies, ie, sharing datawith third parties, child data protection,
and safeguarding of vulnerable user groups. In addition, the
analysis of app functionality provided new insights into
opportunities for mitigating harm regarding the consumption
of the negative content, unrestricted access by children (with
related privacy concerns), and the provision of screening tools
with less scientific validation.
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Abstract

Background: Population-based studies show that the risk of mental ill health is highest among young people aged 10 to 24
years, who are also the least likely to seek professional treatment because of a number of barriers. Electronic mental (e-mental)
health services have been advocated as a method for decreasing these barriers for young people, among which text-based online
counseling (TBOC) isaprimary intervention used at many youth-oriented services. Although TBOC has shown promising results,
its outcome variance is greater in comparison with other electronic interventions and adult user groups.

Objective: This pilot study aimed to explore and confirm e-mental health professional’s perspectives about various domains
and themes related to young service users' (Y SUs) motivations for accessing TBOC services and factors related to higher and
lower effectiveness on these modalities.

Methods: Participants were 9 e-mental health professionals who were interviewed individually and in focus groups using a
semistructured interview. Thematic analysis of qualitative themes from interview transcripts was examined across the areas of
Y SU motivations for access and factors that increase and decrease TBOC effectiveness.

Results: A total of 4 domains and various subthemes were confirmed and identified to be related to Y SUS characteristics,
motivations for accessing TBOC, and moderators of service effectiveness: user characteristics (ie, prior negative help-seeking
experience, mental health syndrome, limited social support, and perceived socia difficulties), selection factors (ie, safety, avoidance
motivation, accessibility, and expectation), and factors perceived to increase effectiveness (ie, general therapeutic benefits, positive
service-modality factors, and persisting with counseling despite substantial benefit) and decrease effectiveness (ie, negative
service-modality factors).

Conclusions: Participants perceived Y SUs to have polarized expectations of TBOC effectiveness and be motivated by service
accessibility and safety, in response to several help-seeking concerns. Factorsincreasing TBOC effectiveness were using text-based
communication, the online counselor’ sinterpersonal skillsand use of self-management and crisis-support strategies, and working
with less complex presenting problems or facilitating access to more intensive support. Factors decreasing TBOC effectiveness
were working with more complex problems owing to challenges with assessment, the slow pace of text communication, lack of
nonverbal conversational cues, and environmenta and connectivity issues. Other factors were using ineffective techniques (eg,
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poor goal setting, focusing, and postcounseling direction) that produced only short-term outcomes, poor timelinessin responding
to service requests, rupture in rapport from managing service boundaries, and low Y SU readiness and motivation.

(JMIR Ment Health 2020;7(1):€15564) doi:10.2196/15564
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Introduction

Background

Over the past 2 decades, electronic mental (e-mental) health
services have emerged as a promising avenue for intervention
because of the advantagesthey have in accessibility, efficiency,
and effectiveness over traditional service provision [1-7]. In
particular, these services have been advocated for use in public
health strategies for young people aged 10 to 24 years [6-10],
who have the highest risk for devel oping emotional and mental
health problems and are the least likely to seek professional
treatment because of anumber of help-seeking obstacles[11-18].

Online counseling is a common e-mental health intervention
offered at youth helplines across the world [7,19] and is
described by Barak and Grohol [20] as a “mental health
intervention between a patient [or a group of patients] and a
therapist, using technology as the modality of communication”
(p. 157). Herein, text-based online counseling (TBOC) is a
common typology that alows asynchronous (eg, email and
forums) or synchronous (eg, Web chat) communication between
young service users (Y SUs) and online counselors. Although
face-to-face counseling remains the preferred counseling
modality for most Y SUs [21-23], a growing number of Y SUs
are expressing a preference for online interventions [21,22].

Studies show that the most common factorsinfluencingaY SU’s
selection of TBOC services are the heightened levels of safety
associated with interface-related privacy, anonymity, control,
and reduced nonverba feedback from the online counselor;
increased accessibility resulting from convenience, affordability,
and ease of access, and polarized minimal-to-heightened
expectations about the outcome of counseling sessions[24-32].
Y SUs are observed to access TBOC services most commonly
for support related to mental health, relationships, and
information-related requests (eg, medicolegal, service, and
resource queries), expressing ahigher degree of problem burden
and distress relative to those who access nontext-based
counseling modalities[7,33,34]. Although promising evidence
for the effectiveness of TBOC interventionsis starting to emerge
[35-39], greater variance has been observed in the impact of
these interventions for Y SUs [33,40-42] than adults [43-48].

Thisrai ses questions about the factorsthat increase and decrease
the effectiveness of these modalities, which may contribute to
these dissimilar findings. We are especially interested in the
perspective of e-mental health professionals who research,
develop, and provide these services for whom there is little
research to examine their experiences. Existing literature
suggests that online counselors generally endorse the
effectiveness of TBOC for Y SUs, describing the tandem benefit
of reduced emotional proximity to the online counselor and

https://mental .jmir.org/2020/1/€15564

subsequently increased perceptions of safety that promote
uninhibited discussion [49,50]. However, online counselors
express concern that presenting problems featuring severity or
risk may be less suitable for text-based modalities because of
difficulties with comprehensive assessment; the slow pace of
typed communication and not being able to offer full
interventions within session time limits; misunderstandings
from an absence of nonverbal cues or the presence of literacy
issues, connectivity issues, and YSU distractibility; and
avoidance of counseling content [49-53].

In terms of the counseling approaches used at TBOC services,
emerging research indicates that many online counselors have
a preference for supportive counseling frameworks with
solution-focused and cognitive behavioral interventions (eg,
psychoeducation,  action planning, and referral)
[25,33,34,41,50,52,54]. Yet, research also indicates that online
counselors typically spend more time building rapport and
assessing a YSU's presenting problem than setting goals,
working toward them, or offering complex interventions beyond
information giving or servicereferral [41,52,55,56]. Thereasons
for this preference are unclear. Some research suggeststhat this
may be attributabl e to enduring challengeswith comprehensive
clinical assessment and the slower pace of TBOC modalities
[41,52,55,56]. At least one study has revealed that engaging in
more sessions was associ ated with greater counseling depth and
aleviation in YSU psychological distress, with problem
clarification and action planning processes being most correlated
with reductionsin distressin Y SUs [41].

In view of the aforementioned literature, online counselors
working via TBOC modalities appear to generaly affirm its
benefitsfor Y SUs. At the sametime, they identify issuesrelated
to working with more complex presentations because of
limitations with communicating in a text-based milieu, which
may explain the greater outcome variance Y SUs experience on
TBOC modalities.

Objective

This pilot study sought the perspective of e-mental health
professionalsin confirming the following domains and themes
indicated by the literature about Y SU’s TBOC experiences for
measurement in a larger future study: (1) motivations for
selecting TBOC services (eg, safety, access, and expectations),
therapeutic benefits experienced during sessions (eg, catharsis
and validation), (3) experiences of TBOC ineffectiveness (eg,
not making any progress), and (4) reasons for persisting with
TBOC services when perceived to be ineffective.

The secondary aim of the study wasto identify further constructs
of interest for investigation in our future study by asking
e-mental health professionals to expand on any endorsed
domains. It was expected that e-mental health professionals
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would endorse each domain being measured, consistent with
the available literature. This study is unique in its specific
examination of e-mental health professional’s perspectives of
TBOC effectiveness and ineffectivenessfactors, given their role
in researching, developing, and facilitating text-based
interventions. It is hoped that these findings will provide more
anuanced theory-practi ce perspective about the factorsthat may
contribute to TBOC effectiveness variance for Y SUs.

Methods

Design

The study used qualitative individua and focus group
interviews, which were determined to be the most appropriate
method of eliciting participants perceptions about Y SUS
motivations for TBOC service use and factors moderating
effectiveness. Focus group interviews are described as an
effective method of generating discussion about a subject area
that enables participants to compare attitudes, values, and
understanding in a given subject area [57]. Participants who
were unable to attend focus groups were offered individual
interviews as an alternative.

The semistructured interview used was devel oped for this study
and informed by existing TBOC literature. It sought to confirm
domains and themesidentified in our objectives statement with
participants and identify new domains and themes using 3
common steps: (1) the presentation of information about atarget
TBOC domain, (2) asking participantsto indicate agreement or
disagreement with having observed the target domain directly
(during clinical consultations) or indirectly (during the course
of academic research) with Y SUs, and (3) inviting participants
to elaborate on their experiences with the domain or its related
themes and subthemes.

The interview guide used for both individual and focus group
interviews can be viewed in Multimedia Appendix 1. The
Consolidated criteria for REporting Qualitative research
checklist was also completed for this study and can be found
in Multimedia Appendix 2.

Participants

A total of 10 participants were approached and recruited for the
study. Exclusion criteria in the study were having less than 5
years experience working in e-mental health services in the
capacity of clinician or researcher and having lessthan 5 years
experience working with YSUs. Of 10 participants, 1 was
excluded from the study because of interview bias resulting
from their having substantially limited knowledge and
experience about TBOC services to make a meaningful
contribution to the study.

The final sample of participants was 9 e-mental health
professionals (5 femalesand 4 males), aged 27 to 67 years (mean
42 .6 years, SD 14.3), currently working in direct client services
(6/9) and research (2/9) and tribunal (1/9) roles; and employed
in community mental health (6/9), tertiary education (2/9), and
government (1/9) settings. Of the 9 participants, 6 had collegial
relationships with the interviewer and were aware of the broad
area of research being conducted (TBOC) but did not know
specifics of the study.
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Participants possessed tertiary qualifications in mental health
(undergraduate degree=3/9 postgraduate degree=3/9 and doctoral
degree=3/9), and they described their professiona roles to be
psychologists, social workers, counselors, and health scientists.
Participants had 8.5 years average experience working in
e-mental health settings and 8.1 years average experience
working with Y SUs in mental health settings.

Procedure

Ethical approval for the study was obtained from the University
of Queensland’s Behavioral & Socia Sciences Ethical Review
Committee. The primary author was the interviewer of this
study. He was acting in the role of counseling psychologist for
young people and adults at the time of the study and has
postgraduate training and experience in conducting research
interviews.

Participants were recruited using a word-of-mouth sampling
technique, owing to the need to select e-mental health experts
with diverse understanding of youth mental health and TBOC
interventions. All interviews were conducted solely with the
interviewer and participants. Overal, 4 participants attended
individual interviews at university and hospital workplaces, and
6 participants attended 3-person mini focus group interviews
at Kids Helpline. Mini focus group interviews were conducted
with Kids Helpline staff because of the challengesin arranging
for participantsto attend traditionally sized focus, given its shift
work environment. Focus groups and interviews were
approximately 60 min duration in a face-to-face format (1
participant attended atel ephoneinterview). All interviewswere
audio recorded and transposed to text by a professional
transcription service, with the names of participants changed
to ensure anonymity. All participants were followed up via
email after their interviews were transcribed to ask them
clarifying questions about their responses, where information
was unclear in the interviewer’s notes or audio transcripts.

Data Analysis

Thematic analysis was the approach taken to understanding
participant’s perceptions about the characteristics and
motivations of Y SUs accessing TBOC and factors moderating
the effectiveness of these modalities. The thematic analysis
methodology described by Braun and Clarke [58] was used,
involving the process of developing familiarity with data,
generating initial codes, searching for themes, reviewing themes,
defining and naming themes, and producing areport of findings.

The primary author initially read all transcripts, and then 1
interview transcript was assigned to each of 5 independent
analysts. Analysts manually defined a set of preliminary codes
that did not necessarily conform to the language used in the
interview guide. The primary author then met with each analyst
independently to compare their codes and search for themesin
the data. Coding discrepanci es between the primary author and
independent analyst were discussed until a consensus was
obtained. Qualitative themes were only rated once for each
participant describing them, irrespective of the number of times
that theme was identified. The primary author then reviewed
themes across all datasets to search for overlapping themes
generated by analysts and collapsed these into the fewest themes
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possible and renamed them accordingly. The fina stages of
analysisinvolved the authors reviewing themes and subthemes
to ensure that coded extracts were valid, logical, and reasoned.

A frequency count was applied to themes to identify their
commonality for our future planned studies, wherein we seek
to further examine those with higher occurrence. Ratings of
very strong, strong, moderate, and weak were given if >80%,
>50%, >30%, and >10% of participants endorsed the theme,
respectively, with cutoffsinfluenced by the effect size literature.
Given the small ssmplesizein this pilot study, themes endorsed
by fewer than 2 participants were excluded from the analysis
on the grounds of low generality.

Navarro et d

Results

Overview

Participants confirmed 3 domains, and identified a unique
domain (ie, user characteristics), that were related to Y SUS
motivationsfor selecting TBOC servicesand their effectiveness.
The following sections present qualitative data describing the
experiences of participantsin these 4 areas. Figure 1 shows an
illustrative overview of primary domains and themesidentified
in the study.

Figure 1. Overview of primary domains and themes identified by text-based online counseling providers.

User characteristics

‘ ‘

.

l :

Mental Health

Syndrome

Prior Negative

Help-seeking

Perceived Social
Difficulties

Perceived Low

Social Support

Selection Factors

.

:

Safety Accessibility

l

Avoidance

:

Expectations

Motivation

Factors Increasing Effectiveness

‘

!

.

General

Therapeutic Factors

Positive Service-
Modality Factors

Persisting with

Counselling to Increase

Factors Decreasing Effectiveness

l

:

Negative

Interpersonal

User Characteristics

User characteristics emerged as a unique domain for which
participants described factors related to context, experience,
and perception believed to precede a’Y SU’s selection of TBOC
modalities. Participants described 4 themes related to user
characteristics: prior negative hel p-seeking experience, mental
health syndromes, limited social support, and perceived social
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Negative Service-
Modality Factors

difficulties. An overview of domains and themes rel ated to user
characteristicsis presented in Table 1.

Theview that many Y SUs select to use TBOC services because
of a prior negative help-seeking experience was described by
5 of 9 participants. Participant responses were similar. The key
aspect described wasthat Y SUs often sought the safety of TBOC
services following negative responses from family to their
help-seeking efforts or rupture in rapport with professional
workers.
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Table 1. Overview of themesidentified by text-based online counseling providers about perceived user characteristic domains.

Domains and themes (user characteristics) Strength of theme

Examples of theme

Prior negative help-seeking experience Strong

Mental health syndrome Strong

Limited social support Moderate

Perceived social difficulties Moderate

Sometimes it occurs... there may have been a rupture within the thera-
peutic relationship with a face to face worker, so [ YSUs] may retreat to
an online service becauseit's perceived to be more comfortabl e for them
that way.

If you have a look at the research that Kids Helpline has done and ook
at the frequency of problems coming up in the online environment... what
you'll find isthat you get a higher frequency of mental health problems
and suicidality and other indicators of more severe disturbance in the
online environment suggesting that people who arereally quite distressed
and maybe somewhat paranoid have a strong preferenceto that environ-
ment compared with the telephone environment.

When you start to explore who else [ YSUs can] talk to, they feel like
there is no one else that they can talk to about a particular issue. That's
the reason why they are contacting in this way.

You'll hear [ YSUs] reflect on having an introverted personality, and that
they'll... they just find that they are able to express themselves better in
this setting.

The view that many Y SUs present to TBOC services with
mental health syndromes was described by 5 of 9 participants.
Participant responses were similar. The key aspect described
was that TBOC services were commonly used by Y SUs with
mental ill health because of the safety associated with
communicating in text-based online environments.

The view that many Y SUs experience limited social support
was described by 3 of 9 participants. Participant responseswere
variable. Key aspects that emerged were about Y SUs seeking
out TBOC services to compensate for a low-density support
network, perceived inability to talk to people in their existing
support network, and the desire to add more support people to
their established support network.

The view that many YSUs experience perceived social
difficulties was described by 3 of 9 participants. Participant
responses were variable. Key aspects that emerged were that
some Y SUs perceiving themselves to have communication
difficulties, introverted personalities, or undesirable physical
characteristics that make them socially anxious.

Selection Factors

Participants confirmed 4 themes related to their perceptions of
YSUsS motivations for selecting TBOC modalities for
counseling support: safety, accessibility, avoi dance motivation,
and expectations. An overview of domains and themes related
to selection factorsis presented in Multimedia Appendix 3.

Safety

All participants shared perceptions that confirmed safety asthe
most important motivator underpinning a Y SU’s selection of
TBOC modalities. A total of 3 subthemeswereidentified within
this theme.

The view that TBOC felt safer to Y SUs because of increased
privacy from its text-based interface was described by 8 of 9
participants. Participant responses were similar. The key aspect
described was that Y SUs were motivated to conceal their
hel p-seeking efforts from othersin their immediate environment,
mostly their parents.
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The view that TBOC felt safer to Y SUs because of increased
control and autonomy over the counseling process was described
by 7 of 9 participants. Participant responses were variable. Key
aspects that emerged were about Y SUs being wanting control
over making disclosures and when counseling sessions end and
independence in accessing a mental health service, especially
when parental gatekeeping was a barrier to care.

The view that TBOC felt safer to Y SUs because of increased
anonymity when using text-based interfaces was described by
7 of 9 participants. Participant responses were variable. Key
aspects that emerged were about Y SUs feeling able to discuss
more sensitive content when online counselors could not see
them or did not personally know them and conceal information
leading to their personal identification in the community,
especialy when disclosing risk information.

Accessibility
All participants shared perceptions that confirmed accessibility
to be an important motivator underpinning Y SUs' selection of

TBOC modalities. A total of 8 subthemeswereidentified within
this theme.

Theview that the convenience and flexibility of TBOC services
increased YSU access to care was described by 8 of 9
participants. Convenience and flexibility determined to be
interrelated by analysts because of their frequent cooccurrence
and similarities in their features. Participant responses were
variable. Key aspectsthat emerged were about the convenience
of accessing TBOC services from one's own device and the
flexibility of accessing TBOC services from any location or at
any time of day.

Theview that TBOC servicesincreased Y SU accessto care by
allowing faster access to counseling was described by 8 of 9
participants. Participant responses were variable. Key aspects
that emerged were about Y SUs being able to access support at
the moment of distress or crisis rather than circumnavigating
waiting lists (see subtheme) and the disadvantage of accessing
TBOC services when in crisis or distress when delays were
created by high service demand.
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The view that the affordability of TBOC services increased
YSU access to care was described by 6 of 9 participants.
Participant responses were similar. The key aspect described
was about the unaffordability of counseling sessionsto Y SUs,
given their developmentally limited access to money.

The view that sourcing one’'s own support by using TBOC
services increased Y SUs access to care was described by 6 of
9 participants. Participant responses were variable. Key aspects
that emerged were about Y SUsbeing ableto use TBOC services
to overcome restricted access to devices or internet access,
systemic barriers to accessing mental health care, accessibility
issues related to service location and appointment availability,
and privacy-related issues to service use.

The view that TBOC services increased Y SUS' access to care
by circumnavigating waiting lists was described by 5 of 9
participants. Participant responses were similar. The key aspect
described was about Y SUs being able to access care quickly
because of the absence of waiting lists and a shorter intake
assessment process, relative to face-to-face services.

Theview that TBOC servicesincrease Y SU accessto counseling
in areas of low service density was described by 3 of 9
participants. Participant responses were similar. The key aspect
described was about Y SUs being ableto access counseling when
living in areas with no services available or services only
available at very far-to-reach distances.

The view that text-based communication was a preferred way
(for YSUs) to communicate that increases their likelihood of
accessing care was described by 2 of 9 participants. Participant
responses were similar. The key aspect described was that
availability of internet-ready devices, and the popularity of
text-based communication within youth culture makes TBOC
services more accessible and, therefore, appealing to Y SUs.

The view that TBOC services help with overcoming
transportation issues to care was described by 2 of 9
participants. Participant responses were similar. The key aspect
described was that TBOC services increased service access
because they do not require Y SUsto have alicense, vehicle, or
access to transportation.

Avoidance Motivation

Avoidance motivation emerged as a unique theme that was
perceived by al participants to underlie Y SUS' perceptions of
safety about TBOC services. A total of 6 subthemes were
identified within this theme.

The view that YSUs select TBOC services to minimize the
chance of being overheard or seen attending a service was
described by 8 of 9 participants. Participant responses were
similar. The key aspect described was Y SUs had concerns about
the socia consequences of being discovered accessing
counseling by one’s family or peers.

The view that YSUs selected TBOC services to minimize
difficult emotions during counseling sessions was described by
7 of 9 participants. Participant responses were similar. The key
aspect described was that YSUs feel uncomfortable with
becoming embarrassed, vulnerable, or overwhelmed during

https://mental .jmir.org/2020/1/€15564

Navarro et d

counseling sessions, which were perceived to be minimized
when using TBOC rather than face-to-face modalities.

The view that YSUs selected TBOC services to minimize
privacy and security concerns was described by 6 of 9
participants. Participant responses were variable. Key aspects
that emerged were about Y SUs feeling concerned about who
might be ableto accesstheir private information, whether online
counselors might share their personal information with known
others, and their need to withhold or alter personal identifying
information to enhance the security of their data.

The view that Y SUs selected TBOC services to minimize the
counselors' reaction was described by 5 of 9 participants.
Participant responses were similar. The key aspect described
was about Y SUs having concerns that online counsel ors might
be unfriendly, judgmental, or needing to take undesired action
based on content disclosed in sessions, motivating them to
reduce interpersonal feedback cues.

The view that YSUs selected TBOC services to avoid
challenging conver sations was described by 5 of 9 participants.
Participant responses were similar. The key aspect described
was about Y SUs feeling concerned that online counselors
guestions were uncomfortable, confronting, or may result in
undesired action being taken based on disclosed content,
motivating them to avoid these questions or lines of
conversation.

The view that Y SUs selected TBOC services to avoid social
interaction was described by 3 of 9 participants. Participant
responses were variable. Key aspects that emerged were about
Y SUs seeking to avoid social interaction owing to concerns
about perceived social difficulties (see subtheme) and the time
pressure to respond to an online counselor’'s questions in a
face-to-face environment.

Expectations

Most participants (7/9) shared perceptions that confirmed how
YSUS expectations about TBOC outcome motivated their
access to these services. A total of 4 subthemes were identified
within this theme.

The view that Y SUs had few expectations of TBOC services
was described by 5 of 9 participants. Participant responseswere
variable. Key aspects that emerged were about Y SUs either
having no expectations of TBOC services or being encouraged
by loved onesto use these services rather than having personal
investment in the outcome.

Theview that Y SUs had high treatment expectations of TBOC
services was described by 4 of 9 participants. Participant
responses were variable. Key aspects that emerged were about
Y SUs expecting that TBOC services could assist them with
issues of higher complexity and/or in a faster than realistic
manner.

Theview that aprior successful interaction on TBOC services
was related to elevated Y SU expectations was described by 4
of 9 participants. Participant responses were similar. The key
aspect described was that Y SUs were more likely to access
TBOC servicesin return if they had previously had abeneficial
counseling session.
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Theview that Y SUs saw TBOC services as equivalent to other
counseling modalities was described by 3 of 9 participants.
Participant responses were similar. The key aspect described
was that Y SUs tended to view all modalities of counseling as
being similar in process and producing similar outcomes.

Factor s Perceived to | ncrease Effectiveness

Participants confirmed 3 themes to be related to factors they
perceived to increase the effectiveness of TBOC: general
therapeutic benefits, positive service-modality factors, and
persisting with counseling to increase benefit. An overview of
domains and themes related to factors perceived to increase
effectiveness is presented in Multimedia Appendix 4.

General Therapeutic Benefits

This theme was confirmed by all participants who perceived
that the interpersonal skills and experiences universal to
counseling were related to TBOC effectiveness. A total of 3
subthemes were identified within this theme.

Feeling listened to and under stood was described to be effective
by 3 of 9 participants. Feeling listened to and understood were
distinct subthemes that were combined by analysts because of
their frequent cooccurrence and similarities in features.
Participant responses were similar. The key aspect described
was that Y SUs feeling listened to and understood by online
counselors was related to TBOC effectiveness.

Catharsis or debriefing was described to be effective by 2 of 9
participants. Participant responses were similar. The key aspect
described wasthat Y SUs sharing or processing their experiences
with online counselors as a form of minimal intervention was
related to TBOC effectiveness.

Feeling normalized and validated was described by 2 of 9
participants. Participant responses were similar. Feeling
normalized and validated were distinct themes that were
combined by analysts because of their frequent cooccurrence
and similarities in features. The key aspect described was that
Y SUs feeling like their presenting problems were normal and
accepted by the online counselor was related to TBOC
effectiveness.

Positive Service-Modality Factors

This theme was confirmed by all participants who discussed
service and modality factors perceived to be associated with
increased TBOC effectiveness. A total of 7 subthemes were
identified within this theme.

Working with less complex presenting problems was described
by 6 of 9 participants to be related to increased TBOC
effectiveness. Participant responses were similar. The key aspect
described was that TBOC services were more effective when
focused on issues with less complexity and pervasiveness that
could benefit from short-term work.

Using TBOC services as a stepping stone to more intensive
counseling support was described by 5 of 9 participants to be
related to increased TBOC effectiveness. Participant responses
were variable. Key aspects that emerged were that TBOC
serviceswere used by Y SUsto trial and build comfort with the
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counseling process and as a pathway to face-to-face counseling,
especialy for those with complex presenting problems.

Of 9 participants, 4 described that text-based communication
allowed YSUs a greater ease of expression or thought
organization, which was related to increased TBOC
effectiveness. Participant responses were variable. Key aspects
that emerged werethat text-based communication allowed Y SUs
to better articulate their internal experiences and leverage the
latency of text-based communication to processtheir responses
to counseling questions.

Another 4 of 9 participants discussed that Y SUsvalued TBOC
modalitiesfor their crisisuse. Participant responsesweresimilar.
Thekey aspect described wasthat Y SUs benefit from accessing
TBOC services during a crisis because of the faster access to
counseling (see subtheme) possible.

The written record of information produced by many TBOC
modalities was described to be related to its effectiveness by 3
of 9 participants. Participant responses were similar. The key
aspect described was that Y SUs could benefit from accessing
their counseling transcript to remember information and
strategies provided during sessions.

Teaching YSUs problem self-management strategies was
described to increase TBOC effectivenessby 2 of 9 participants.
Participant responses were similar. The key aspect described
was that interventions that facilitate self-control and
self-management were associated with increased TBOC
effectiveness.

Therapist assistance was described to increase TBOC
effectiveness by 2 of 9 participants. Participant responses were
similar. The key aspect described was that interventions were
generally more effective when delivered by an online counsel or
as opposed to being delivered via self-help programs.

Persisting With Counseling to I ncrease Benefit

Thistheme was confirmed by 4 of 9 participants who described
the perception that some Y SUs did not appear to make progress
toward their presenting problem when using TBOC services
but continued to access irrespectively. Participant responses
were variable. Key aspects that emerged were about Y SUs
accessing TBOC services without consideration of its
effectiveness, being unable to articulate how TBOC services
help them, and being motivated by the interpersonal benefits
of the interaction rather than progress toward their presenting
problem.

Factor s Perceived to Decrease Effectiveness

Participants confirmed 2 themes related to their perceptions
about what decreased TBOC effectiveness: inter personal factors
reducing effectiveness and negative service-modality factors.
An overview of domains and themesrelated to factors perceived
to decrease effectivenessis presented in Multimedia Appendix
5.

I nterpersonal Factors Reducing Effectiveness

Thistheme was confirmed among all participantswho discussed
interpersonal factors perceived to affect the TBOC process and
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reduce its effectiveness. A total of 11 subthemeswereidentified
within this theme.

Of 9 participants, 7 described that a YSU’s problem not
improving or (online counselors using) ineffective techniques
reduced TBOC effectiveness. Participant responses were
variable. Key aspectsthat emerged were about online counselors
experiencing focusing and goa setting difficulties during
ons, a poor fit between the Y SUs presenting problem and
what TBOC modalities can provide, and a'Y SU’s expectations
of TBOC not being met.

Rupturein rapport was described by 7 of 9 participantsto reduce
TBOC effectiveness. Participant responses were variable. Key
aspects that emerged were about YSUs having negative
interpersonal experienceswith online counselors (eg, judgment
or trivializing their problem), discomfort in counseling sessions
that affected the therapeutic rel ationship, or feeling betrayed by
the service when an external response was required in response
to high-risk situations (eg, suicide attempt).

A Y SU’s focus on rapport instead of (working toward) goals
was described by 6 of 9 participants to reduce TBOC
effectiveness. Participant responses were variable. Key aspects
that emerged were about a minority of long-term Y SUs
developing a dependent relationship with TBOC services over
time and how Y SUS motivation to achieve their goals could
shift to seeking general therapeutic benefits (see subthemes)
when progress was limited.

Poor conversion of counseling into postsession action was
described by 5 of 9 participants to reduce TBOC effectiveness.
Participant responses were similar. The key aspect described
was that Y SUs were sometimes unwilling to use counseling
content or unsure about which next steps to take to make
progress toward overcoming their presenting problems.

Y SUs desiring greater service control was described by 5 of 9
participantsto reduce TBOC effectiveness. Participant responses
were variable. Key aspects that emerged were about Y SUs
engaging in various behaviorsto overcome TBOC service access
boundaries, such as falsifying personal information, accessing
through different service modalities, becoming more demanding
of an online counselor’s availability, and disclosing crisis
information to have their service requests prioritized.

Incongruent client-counselor goals were described by 4 of 9
participantsto reduce TBOC effectiveness. Participant responses
were variable. Key aspects that emerged were about
disagreements between client-counselor regarding counseling
goas and methods, such as whether to focus on supportive
counseling versus clinical interventions, contacting a YSU's
mental health workersto create consistency in counseling work,
and transitioning to other counseling modalities or services
considered to be more suitablein addressinga’Y SU’s presenting
problems.

Having unclear goals or reasonsfor counseling was described
by 4 of 9 participantsto reduce TBOC effectiveness. Participant
responses were variable. Key aspects that emerged were about
YSUs having low purpose, readiness, or motivation for
accessing TBOC services, having difficulties articulating
counseling goals or understanding what counseling can offer
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them; and interpersonal rather than clinical motivations for
accessing TBOC services.

Experiencing misunderstandings or literacy issues were
discussed by 4 of 9 participants to reduce TBOC effectiveness.
Misunder standings and literacy issueswere combined by coders
because of their frequent cooccurrence and having similar
features. Participant responses were similar. The key aspect
described wasthat TBOC services may not be suitablefor Y SUs
with literacy, learning, or intellectual issues that may impair
their ability to effectively use or comprehend text-based
communication.

YSUs experiencing low readiness, motivation, and
self-confidence for change was described by 4 of 9 participants
to reduce TBOC effectiveness. Participant responses were
similar. The key aspect described was that Y SUs having the
aforementioned experiences may not be in a state to make
optimal use of counseling interventions.

The online counselor going off topic or being unsure how to
help was described by 3 of 9 participants to reduce TBOC
effectiveness. Participant responses were variable. Key aspects
that emerged were that online counselors sometimesfeel unclear
about how to work with YSUs because of the absence of
personal or assessment information provided and feeling less
competent with online interventions.

Producing outcomeswith only short-term benefit was described
by 2 of 9 participantsto reduce TBOC effectiveness. Participant
responses were similar. The key aspect described was that
short-term outcomes were sometimesindicative of lessimpactful
general therapeutic benefits (see subtheme) rather than
long-term impact on a presenting problem.

Negative Service-Modality Factors

Thistheme was confirmed among all participantswho discussed
service delivery and modality factors perceived to reduce TBOC
effectiveness. A total of 8 subthemeswereidentified withinthis
theme.

Working with complex problems was described by 8 of 9
participantsto reduce TBOC effectiveness. Participant responses
were variable. Key aspects that emerged were about complex
problems having a poorer fit with TBOC modalities because of
their slow pace or lack of time to make a difference and
challenges assessing presentations (see subthemes); being less
responsiveto TBOC interventionsin terms of directly addressing
extrinsic factors, such as relationships or systemic issues; and
requiring more specialized interventions and services to
overcome.

A poor timeliness of response to service requests was described
by 7 of 9 participantsto reduce TBOC effectiveness. Participant
responses were variable. Key aspects that emerged were that
Y SUs were less likely to use or reuse TBOC services if they
had to wait too long because of the window being missed for
support, change occurring with the passage of time, or their
feeling upset and no longer wanting support.

Challenges assessing presentations were described by 6 of 9
participantsto reduce TBOC effectiveness. Participant responses
were similar. The key aspect described was that clinical
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assessment that took place entirely using text-based
communication took longer and reduced its accuracy and
comprehensiveness, especially when presenting problemswere
vague, complex, or involved risk-related issues.

TBOC services offering too much anonymity or few barriers
was described by 5 of 9 participantsto reducetheir effectiveness.
Participant responses were similar. The key aspect described
was that reducing service barriers to entry sometimes resulted
in YSUs accessing with unnecessary or inappropriate
presentations.

Thelack of nonverbal conversational cues present in text-based
communication was described by 4 of 9 participants to reduce
TBOC effectiveness. Participant responses were variable. Key
aspects that emerged were that the absence of nonverbal
conversational cues reduced identifiability of Y SUs accessing
with complex, crisis, or inappropriate presenting problems;
feedback from Y SUs about intervention effectiveness; and the
effectiveness of rapport building and communication fluency.

Environmental distractionswere described by 3 of 9 participants
to reduce TBOC effectiveness. Participant responses were
variable. Key aspects that emerged were that environmental
distractions created delays in Y SU responses and distractions
away from counseling content and other personal activities (eg,
schoolwork and vocational work).

The slow pace or lack of time to make a difference in TBOC
sessions was described by 3 of 9 participants to reduce TBOC
effectiveness. Participant responses were similar. The key aspect
described was that text-based communication was slower than
verbal communication, which reduced the amount of time
available in a counseling session and the subsequent time to
make a difference to one’s presenting problems.

Technical or connectivity issues were discussed by 2 of 9
participantsto reduce TBOC effectiveness. Participant responses
were variable. Key aspectsthat emerged were that when Y SUs
had a poor internet connection, there was a greater likelihood
of session lag and dropout that resulted in session disruption
and negative user experiences.

Discussion

Principal Findings

This study aimed to examine e-mental health professionals
perspectives about what motivates YSUs to select TBOC
services and the factorsthat influence the effectiveness of these
interventions, with a view to confirm domains and themes
described in the literature and identify novel phenomenon.

User characteristics was a unique domain in the study,
encompassing participants’ views about YSUS contextual
experiences that preceded contact with TBOC services.
Participants' view that YSUs commonly experience mental
health syndromes is in line with literature indicating greater
frequency and severity of mental health presentationson TBOC
compared with other e-mental health modalities[7,19,25,33,59].
The view that Y SUs often have limited social support is also
consistent with the help negation literature and how young
people have a tendency to negatively appraise and turn down

https://mental .jmir.org/2020/1/€15564

Navarro et d

available support, with the exception of helplines that are
perceived to be a safer form of support [60]. Participants
perspective that many Y SUs have prior negative help-seeking
experiences is in line with evidence that negative past
help-seeking experiences are a substantial barrier to future
help-seeking for young people [60], suggesting that they may
turn to TBOC services following these responses to their
help-seeking efforts. Finally, participants view that Y SUs
commonly experience perceived social difficultieswasaunique
finding indicating that in addition to communication preferences,
some may prefer to access TBOC services because of social
anxiety symptoms that are reduced when leveraging the safety
of text-based communication.

Participants' views confirmed selection factors as a domain
describing the reasons Y SUs seek TBOC services. Safety and
accessibility were viewed as the strongest motivatorsfor Y SUs
to access TBOC services consistent with existing literature about
their desire for privacy, anonymity, and control [6,26,28,30,61]
as well as their struggles with financial, gatekeeper,
transportation, and convenience-related barriersto mental health
care [23,30,62-65]. Avoidance motivation and its subthemes
were aunique theme among partici pants, which provided context
to Y SUs underlying motivationsfor seeking safety from TBOC
services as method of coping with threatening or uncomfortable
situations. Finally, expectations of counseling were commonly
viewed to have a polarized influence on Y SUs accessto TBOC
services, consistent with existing literature [31,40].

Participants' views confirmed factors perceived to increase
effectiveness as a domain describing positive predictors of
TBOC outcome. Herein, general therapeutic benefits stemming
from online counselors interpersona skills were strongly
perceived to be related to TBOC effectiveness, in line with
literature indicating the commonality and effectiveness of
person-centered counseling with YSUs at e-mental health
services [29,41,66,67]. Service-modality factors increasing
effectiveness were consistent with the views of other e-mental
health professionalsand their belief that text-based interventions
arelessappropriate for primary intervention of complex mental
health issues and, instead, better positioned as adjunctive
interventions that support self-management and existing
face-to-face work [49,50,68,69]. Participants views also
confirmed well-established notions about the advantages of
text-based communication for users in processing, planning,
and reviewing messages before sending them [61] as well as
research indicating the superiority of having multiple sessions
of TBOC rather than single sessions [54]. Counterintuitively,
however, participants reported that TBOC services were
effective in crisis situations. One possibility is that the
participants considered effectiveness from the perspective that
some crisis presentations may benefit from fast support
irrespective of modality-related issues (eg, child abuse risk).

Participants' views confirmed factors perceived to decrease
effectiveness as a domain describing negative predictors of
TBOC outcome. One theme, interpersonal factors decreasing
effectiveness, partly described challenges in the online
counselor’'s management of clinical activities in a TBOC
environment, which has some support in the literature. For
example, participants’ views about the occurrence of goal setting
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issues are consistent with evidence that online counselors often
underutilize goal exploration processes [41,52,55], whereas
misunder standings commonly stem from a lack of nonverbal
conversational cues on text-based modalities
[25,32,40,41,45,46]. Conversaly, some participants perspectives
were unique to the literature. For example, counselors going
off topic or being unsure howto help isaplausible consequence
in light of the commonality of working with complex
presentations and goal setting issueson these modalities[49-53].
Similarly, the poor conversion of counseling into postsession
action may be related to Y SU motivation or online counselors
struggling to bridge sessions together. Interestingly, the view
that short-term outcomes decrease TBOC effectiveness
contradicts evidence of the long-term outcomes possible on
these modalities [33,60-62]. One possibility is that short-term
outcomes were conceptualized as being undesirable when
working with more complex presenting problems.

Participants a so believed that interpersonal challenges affecting
Y SUs may reduce TBOC effectiveness, which were unique
findings of the study. For example, participants suggested that
rupture in rapport affected a minority of YSUs with more
complex presentationsfeaturing attachment traumawhen service
boundaries were altered or enforced, which is credible, given
the safety-rel ated reasonsthey select TBOC services. Likewise,
aY SUs low readiness, motivation, and self-confidence to take
action toward change might be expected to occur more
frequently, given the help-seeking reluctance commonly
observed among young people [23,29,31,66,67].

The second theme, service-modality factors decreasing
effectiveness, described technical and environmental challenges
to service efficiency. Herein, working with more complex
problems was perceived to reduce TBOC effectiveness,
consistent with the views of other e-mental health professionals
in the literature [49,50]. This is curious, given evidence that
these interventions can produce positive long-term outcomes
for depression and anxiety presentations [42,68-70]. One
possibility is that modality-related limitations become more
difficult to manage with increased problem complexity. Indeed,
in their study, Dowling and Rickwood [50] found that online
counselors had a preference for nondirective person-centered
interventions over directive interventions, such as cognitive
behavioral therapy, because of time restrictions created by the
slow pace of text-based communication and Y SUs multitasking
while using TBOC services. Correspondingly, participants
reported a quadriad of themes that complicated intervention
with complex presenting problems: (1) challenges assessing
presentations that arise from TBOC services having too much
anonymity or few barriers, (2) the slow pace or lack of timeto
make a difference when using text-based communication, (3)
the lack of nonverbal conversational cues that can create
misunderstandings in text-based communication, and (4)
environmental distractions including technical or connectivity
issues that affect a'Y SU’s focus and attention on a session and
its impact on session time. These modality-related limitations
mirror those reported by other e-mental health professionalsin
theliterature [41,49,50,52,55,56]. In addition, participantsheld
a unique view that TBOC services have too much anonymity
or few barriers, suggesting a paradoxical interplay between
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reducing help-seeking barriers and reduced counseling
effectiveness. Finally, participants viewed poor timeliness of
responseto service user requeststo reduce TBOC effectiveness,
which appears to be a common experience and complain by
Y SUs who use TBOC services [26].

Resear ch Implications for Online Counselors

Our findings have several implications for online counselors
working with Y SUs accessing TBOC services. Knowledge of
user characteristics and selection factors may provide insight
about possible clinical targets for counseling work, especialy
when a YSU's presenting reasons are unclear. For example,
user characteristics may provide clues to help with early
assessment and intervention targets. Furthermore, online
counselors may benefit from training in interventions for
common mental healthsyndromes and perceived social
difficulties that also consider a YSU'’s safety and avoidance
motivation. Similarly, knowledge of the factors perceived to
increasing and decreasing effectiveness may provide insight
about the fit between presenting problems and the
modality-related limitations of TBOC services. For example,
online counselors may experience better fit when presenting
problems are lower in complexity and require less assessment,
expectations and goals are actively negotiated, and users are
encouraged to accessover timeto alow timeto balance general
counseling and the provision of self-management strategies. In
contrast, online counselors may struggle against the quadriad
of modality-limitations reported on TBOC services when more
complex presenting problems are encountered. In these cases,
using precounseling assessment questionnaires may allow online
counselorsto compensate for some modality-limitationsto alow
for abetter use of session time and graduation to live counseling
modalities or more specialized services. Finally, exploring
methodologies to reduce poor timeliness of response to Y SU
requests (eg, feedback about delays, presession activitieswhile
waiting, and support aternatives), while providing them with
feedback about the strengths and limitations of TBOC
modalities, may help both parties to work together in harmony
to improve outcome.

Research Limitations

There are 3 main limitations in this study that need to be
considered inrelation to itsfindings. First, the use of mini focus
groups may have produced fewer themes and less diversity in
participant viewsthan if using traditionally sized focus groups.
Second, the semistructured nature of the interview may have
resulted in missed opportunities to develop greater depth and
stronger thematic narratives, compared with using a less
structured interview format. Future research should consider
using broader questions to overcome this limitation. Finally,
although this study was designed to be a pilot preceding a
large-scale study, incorporating participants into the data
refinement stage of analysis using aDelphi method would likely
reduceinterrater bias and increased the validity of findings and
their interpretations [73].

Conclusions

Thisstudy examined e-mental health professionals’ perspectives
about the factors that motivate Y SUs to select TBOC services
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and influence the effectiveness of these services. Participants
believed that Y SUscommonly select TBOC servicestoincrease
their sense of safety in responseto concerns about their privacy,
themselves, and the help-seeking process. Participants also
believed that using TBOC services allowed Y SUs to increase
their social support and access to mental health services, with
nil-to-high expectations of the outcome. Factors perceived to
increase the effectiveness of TBOC services were the online
counselor’s interpersonal skills, leveraging the information
processing benefits of text-based communication, and working
with less complex presenting problems or referring Y SUswith
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more complex issues to services better capable of supporting
their needs. Factors perceived to decrease the effectiveness of
TBOC serviceswereinterpersonal issuesrelated to goal setting,
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factors decreasing effectiveness were ineffective technique,
working with more complex presenting problems, poor
timeliness in responding to YSU requests, and various
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Abstract

Background: Inthe ever-growing and technologically advancing world, an increasing amount of social interaction takes place
through the Web. With this change, loneliness is becoming an unprecedented societal issue, making youth more susceptible to
various physical and mental health problems. This societal change also influences the dynamics of addiction.

Objective: Employing the cognitive discrepancy lonelinessmodel, this study aimed to provide asocial psychological perspective
on youth addictions.

Methods: A comprehensive survey was used to collect data from American (N=1212; mean 20.05, SD 3.19; 608/1212, 50.17%
women), South Korean (N=1192; mean 20.61, SD 3.24; 601/1192, 50.42% women), and Finnish (N=1200; mean 21.29, SD 2.85;
600/1200, 50.00% women) youths aged 15 to 25 years. Perceived loneliness was assessed with the 3-item Loneliness Scale. A
total of 3 addictive behaviors were measured, including excessive alcohol use, compulsive internet use, and problem gambling.
A total of 2 separate models using linear regression analyses were estimated for each country to examine the association between
perceived loneliness and addiction.

Results: Loneliness was significantly related to only compulsive internet use among the youth in al 3 countries (P<.001 in the
United States, South Korea, and Finland). In the South Korean sample, the association remained significant with excessive al cohol
use (P<.001) and problem gambling (P<.001), even after controlling for potentially confounding psychological variables.

Conclusions: The findings reveal existing differences between youths who spend excessive amounts of time online and those
who engage in other types of addictive behaviors. Experiencing lonelinessis consistently linked to compulsive internet use across
countries, although different underlying factors may explain other forms of addiction. Thesefindings provide adeeper understanding
in the mechanisms of youth addiction and can help improve prevention and intervention work, especially in terms of compulsive
internet use.

(JMIR Ment Health 2020;7(1):€14035) doi:10.2196/14035

KEYWORDS
youth; problem behavior; excessive alcohol consumption; internet; gambling; loneliness

emerging adults are particularly vulnerable to the harms of

Introduction addictions, as they can disrupt healthy development [1], cause
Background long-term health defects [2], damage socia relationships [3],

T ) ) ) and devastate future financial competences [4]. It is widely
Addictive behaviors are a continuous burden to public health, | \own that youths typically engage in behaviors that are

affecting millions of individuals globally. Adolescents and harmful, sometimes deviant, and place them at risk for injury,
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disease, and even unintentional mortality [5,6]. Hence, youths
can be considered more susceptible to initiating at least some
type of addictive behavior during the periods of adolescence
and emerging adulthood.

Addictive behaviorsare difficult to prevent and address because
they originate progressively, are often concealed by the
individual affected, and impact the person comprehensively on
biological, psychological, and social levels [7]. Commonly,
addiction is associated with substance misuse, and alcohol is
still the most frequently used and misused substance among the
youth [8]. Studies have consistently shown that adol escents are
most likely to engage in heavy episodic acohol consumption
[9,20]. An additional challenge of addiction isthat, in addition
to substances, a wide range of objects and activities exist to
which one can become addicted [11]. The 5th edition of the
Diagnostic and Statistical Manual of Mental Disorders now
recognizes behavioral addictions, such as excessive gambling,
under nonsubstance-related disorders[12].

Gambling hasincreased its popularity as arecreational activity
among the youth during the past years[13]. Even though many
laws and regulations prohibit underage individuals from
engaging in gambling activities, new gambling technologies,
especialy online gambling, allow easy and constant access to
the activities, often without viable age restrictions [4,14]. Past
research hasfound that gambling activitiesaretypically initiated
at the age of 16 years, whereas gambling problems are most
common among individual s between ages 18 and 24 years[15].
Moreover, a recent study discovered that 12.3% of the youth
across 5 continents qualify as problem gamblers [16].

Internet use is another everyday behavior that can become
excessive or compulsive and cause significant harm to an
individual over time [17]. The internet has become practically
an inseparable part of people’s lives, and although its benefits
are preeminent, it can interfere normal functioning and routines
when used excessively. Past research on excessive internet use
hasidentified associ ations with negative adol escent psychosocia
development [18], mood abnormalities [19], and lower school
performance [20]. Adolescents are more likely to engage in
compulsive internet use, become addicted to the use, and are
found to be more vulnerable to its negative effects [21].

As technology keeps advancing rapidly, it simultaneously
changes the structure of the social world. People must adapt to
these societal progresses quickly, and oftentimes, youths are
leading this adaptation process. As modern devices alow
individualsto stay connected continuously, find contacts across
unprecedented distances, and even create virtual
companionships, they are paradoxically becoming more
disconnected from each other. This manifests in lessened
face-to-face interaction with physical social connections [22]
and allows for new types of social exclusion such as cyber
bullying [23]. This societal change might further result in
increased perceived loneliness, specifically among young
individuals, to whom peer relationships are salient and exploring
different social identities is relevant [24,25]. Loneliness
experienced in youth can have significant consequencesinterms
of mental health and overall well-being [26], and a potential
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reason for youth addictive behaviors may lie in perceived
loneliness.

Lonelinessisacommon and distressing experience that people
typically attempt to avoid [27]. Loneliness has been challenging
to define, and different typol ogies of it have been distinguished.
Past research has generally described |oneliness as a subjective
feeling of an individual that occurs as a natural response to
certain situations [28]. It is often accompanied by feelings of
anxiety, emptiness, and social isolation [28,29]. Many
background variables are associated with loneliness, but the
subjective evaluation of one’s realized social relationships has
been shown to be one of the most important determinants of
experiencing loneliness [30].

The cognitive discrepancy model by Perlman and Peplau [27]
offers ablueprint for social psychological theory of loneliness,
and it isbroadly used in conceptualizing loneliness. The model
states that individual s experience lonelinesswhen their personal
network of social relations is either quantitatively or
qualitatively deficient. When an individual’s expectations of
hisor her interpersonal interactions do not meet with the existing
ones, it resultsin loneliness [27].

Loneliness can have severe and long-lasting consequences. Past
research has identified loneliness as arisk factor in arange of
destructive health behaviors. For instance, social isolation and
loneliness are associated with a greater risk of smoking and
being inactive[31]. Previousresearch has also linked loneliness
to problematic internet use [19]. To a more severe effect,
loneliness and social isolation have been consistently found to
result in higher likelihood of premature mortality, emphasizing
socia relationships fundamental role in people’s life [26].
Although much research on the effects of loneliness examines
adult populations, similar effects also exist among young
individuals: A study on college freshmen concluded that
loneliness was associated with alower immune response, poorer
deep quality, and elevations in cortisol levels [32]. Another
study found indications that loneliness increases the risk of
substance use among adolescentsin the United Statesand Russia
[33].

In this study, we examine the association of loneliness with a
range of youth addictive behaviors in 3 diverse countries: the
United States, South Korea, and Finland. These countrieswere
chosen for their distinct cultural features [34] while being
technologically analogous, advanced, and affluent. However,
rich environmental and socia resourcesdo not safeguard youths
from experiencing negative emotions and engaging in
destructive behaviors: youths from these cultures experience
declines in global life-satisfaction and well-being in the onset
and progression of adolescence[35]. In addition, negative social
experiences (eg, loneliness, discrimination, and self-concept)
are related to lower subjective well-being among the youth in
these countries [35].

Comparing the 3 countries in terms of addictive behaviors is
also feasible: Recent statistics indicate that up to 95% of the
youthsin these countries are active internet users [36]. Alcohol
consumption among the youth in the United States and Finland
is comparably high, whereas, in comparison, South Korean
youths consume less alcohol [37]. Similarly, the United States
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and Finland show average prevalence of problem gambling,
whereas the rate is below average in South Korea [38].

Objectives

Guided by the socia psychological cognitive discrepancy
lonelinessmodel [27] as our theoretical framework, and existing
literature on loneliness and well-being [19,26,31], this study
aimed to explore how influential perceived lonelinessisin youth
addictive behaviors. More specifically, we investigated if
lonelinessisrelated to arange of addictions—excessive a cohol
use, compulsive internet use, and problem gambling in varying
ways—and if the examined relationships are consistent across
different cultures.

Methods

Data Collection Procedure

Datawere collected using an online survey from March to April
2017 in Finland, in January 2018 in the United States, and in
February 2018 in South Korea. The study was originaly
conducted in Finland and expanded to the United States and
South Korea for cross-national comparison. All datasets were
collected with LimeSurvey software (LimeSurvey GmbH) using
identical survey formats. The surveys were optimized for both
computers and mobile devices. The original survey was in
Finnish. It was trandated into English by bilingua
professional-level trandators and back-trand ated again to ensure
consistency and accurate matching of all items. The English
survey wastrandlated to Korean, which was al so back-trand ated
to English by bilingual, professional-level trandators fluent in
both English and Korean. The survey included measuresfor all
target variables, including excessive acohol use, problem
gambling, compulsive internet use, and perceived loneliness.
Existing translations of the validated target measures were used
when available. To fit the cultural settings as accurately as
possiblein all 3 countries, the formatting and terminology used
were dlightly modified for someitems[39]. The average survey
response time was similar across the 3 countries, with each
version of the survey taking about 15 min to complete.

Participants

The samples consisted of atotal of 1212 American (mean 20.05,
SD 3.19; 608/1212, 50.17% women), 1192 South Korean (mean
20.61, SD 3.24; 601/1192, 50.42% women), and 1200 Finnish
(mean 21.29, SD 2.85; 600/1200, 50.00% women) participants
aged 15to0 25 years. All sampleswere demographically balanced
in terms of age, gender, and living area. The participants were
recruited from a pool of volunteers administered by using
Dynata: a globa data collection provider that manages online
panels in severa countries. By managing quotas via balanced
start methodol ogy, it is possible to attain data that are consistent
and match the demographic profile of each examined country.
Owing to the convenience sampling with set quotas, nonresponse
rates cannot be reported. There are no missing data. The local
Academic Ethics Committee approved this research before
implementation. Participation in the study was anonymous and
voluntary. All ethical guidelines were followed.
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M easures

The participants were asked to provide some key demographic
information, including age, gender, and living situation. This
information was acquired through individual questions in the
surveys. Living situation was asked with the inquiry: Are you
currently... with answer choices ranging from “Living alone?’
to “Living with parents’ or “Other.” For the analysis, living
situation was recoded into a “Living alone” dummy variable
(0=no, 1=yes). This variable was included in the analyses to
account for the participants social disposition through living
situation.

To analyze the relationship between loneliness and a range of
addictive behaviors, we employed validated and reliable
measuresfor all target addictive behaviors. To identify excessive
alcohol use among the youth, the 3-item Alcohol Use Disorders
Identification Test-Consumption (AUDIT-C) was used. The
AUDIT-C is a brief, reliable, and effective way of measuring
hazardous drinking habits in a survey [40]. The questionnaire
is validated for several populations and has been found to
perform well in the screening of acohol misuse across studies
[41]. The South Oaks Gambling Screen (SOGS) was utilized
to measure the frequency and intensity of gambling behavior.
The SOGSisareliable (alpha=.90 in the US sample, alpha=.82
inthe Korean sample, and a pha=.89 in the Finnish sample) and
regularly used measure to screen for pathologica gambling
behavior [42]. Some of the test items were slightly modified to
accommodate for cultural variationsin gambling practices.

The Compulsive Internet Use Scale (CIUS) was used to measure
compulsive internet use. The scale measures internet use
behavior effectively and eval uates whether usageis compulsive
[43]. The scale has good psychometric propertiesand reliability
statistics (alpha=.95 in the United States, alpha=.95 in South
Korea, and apha=.93 in Finland). The CIUS consists of 14
items, each of which targets the consequences and states of
mind involved in internet use. Responses range on a 5-point
scale from O (never) to 4 (very often), with a higher score
indicating compulsiveinternet use. The 3-item Loneliness Scale
was used to measure perceived loneliness. The scaleis a short
measure originally adapted from the standard L oneliness Scale,
the Revised UCLA Loneliness Scale [44]. It was designed for
efficiently measuring loneliness in large-scale social surveys.
We applied the short measure to keep the survey brief for young
respondents. The short measure has been shown to beinternally
consistent with both discriminant and concurrent validity, and
its results are comparable with those of the full measure [45].
The 3-item scale asks, “How often do you fedl” (1) “that you
lack companionship?’ (2) “left out?’ (3) “isolated from others?’
Answer choices provided are: “1=hardly ever; 2=some of the
time; and 3=often.” The variable was turned into a sum
composite.

Possible confounding variables were taken into consideration.
We identified 3 variables that were additionally included in the
analyses because they may be confounded with loneliness;
psychological distress, belonging to a friendship group, and
belonging to an online community [46,47]. In addition,
belonging to a friendship group and perceived loneliness were
inversely correlated, making belonging to afriendship group a
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feasible control variable. Psychological distress was measured
with the General Health Questionnaire-12. The scale has good
internal consistency and reliability (alpha=.88 in all 3 country
samples). Belonginess to a friendship group and an online
community were evaluated with the item asking: How strongly
do you feel you belong to the following? Designated groups
and communities were indicated as “A friendship group? and
“An online community?’ Answers were provided with a
10-point Likert scale (1=not at all, 10=very strongly).

Statistical Analysis

Analyses were conducted by first calculating descriptive
statistics for all variables. These are reported as means and
standard deviationsfor continuous variables and as frequencies
(n) and relational proportions (%) for categorical variables. We
conducted Kruskal-Wallisteststo compare whether statistically
significant mean differences exist between the 3 countries in
terms of perceived |oneliness, excessive alcohol use, compulsive
internet use, and problem gambling.

A total of 2 separate multiple linear regression models were
estimated for each country. The assumptions of ordinary least
squares (OLS) regression were met, but because of
heteroscedasticity of the residuals, we carried out the analyses
by producing robust SEs [48,49]. The first model included 3
regression estimates for each addictive behavior in each country,
with predictors and demographic factors. The second model
included 3 regression estimates for each addictive behavior in
each country, with predictors and demographic factors,
controlling for the 3 potentially confounding psychological
factors; bel onging to afriendship group, belonging to an online
community, and psychological distress. We also tested for
potentially confounding interactions, including age and gender,
but these did not change the main results concerning the
relationship between loneliness and addictive behaviors. They
were, hence, left out.

Tests of collinearity were run after each model to assess the
variance inflation rate. No collinearity was observed in the

Table 1. Descriptive statistics.
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models, with mean variance inflation factors ranging from 1.22
to 1.26, indicating only moderate correlation [50,51].
Correlations between dependent variableswere a so investigated.
These are reported in Multimedia Appendix 1. To confirm the
consistency of findings, the analyses were repeated (1) after
removing potential outliers from the dataset, (2) with
zero-inflated Poisson regression, and (3) with logistic regression
analysisby using recommended cutoff scoresfor each addiction
measure: >3 for the AUDIT-C [40,52], =21 for the CIUS
[53,54], and =8 for the SOGS [55,56]. Zero-inflated Poisson
regression has been noted as the most reliable regression model
and especially suitable for addiction research having excess
zeros in the data. This also solves problems related to cutoff
scores that have been discussed in addiction research [57].

Results

Descriptive Statistics

The descriptive statistics (presented in detail in Tables 1 and 2)
show that perceived loneliness was proportionately high in the
United States and Finland (mean 5.52 in both countries),
followed by South Korea (mean 5.23). These mean differences
were statistically significant when comparing the United States
and Finland with South Korea (P<.001). Excessive a cohol use
was highest in Finland (mean 4.14), followed by South Korea
(mean 3.85) and the United States (mean 2.29). These mean
differenceswere significant between the United Statesand South
Korea (P<.001), the United States and Finland (P<.001), and
between Finland and South Korea (P<.001). Compulsiveinternet
use was highest among youths in South Korea (mean 23.13),
followed by American (mean 21.72) and Finnish youths (mean
18.80). These mean differences were significant between the
United States and South Korea (P<.001) and between South
Korea and Finland (P<.001). Mean problem gambling scores
were highest in Finland (mean 1.60), followed by the United
States (mean 1.34) and South Korea (mean 1.04). These mean
differences were significant between all 3 countries (P<.001in
each country comparison).

Variable United States South Korea Finland

Mean (SD) Range Mean (SD) Range Mean (SD) Range
Excessive alcohol use 2.29 (2.69) 0-13 3.85(3.51) 0-13 4.14 (2.98) 0-13
Compulsive internet use 21.72 (13.54) 0-56 23.13 (12.81) 0--56 18.80 (11.13) 0-56
Problem gambling 1.34 (2.69) 0-20 1.04 (2.86) 0-20 1.60 (2.56) 0-20
Perceived loneliness 5.52 (1.86) 39 5.23 (1.73) 39 552 (1.78) 39
Belonging to friends 6.72 (2.62) 1-10 6.80 (2.21) 1-10 6.83 (2.48) 1-10
Belonging online® 5.38 (2.69) 110 4.38 (2.49) 1-10 5.03 (2.60) 110
Psychological distress 13.49 (6.75) 0-36 13.61 (5.98) 0-36 14.15 (6.34) 0-36
Age 20.05 (3.19) 15-25 20.61 (3.24) 15-25 21.29 (2.85) 15-25

3Belonging to an online community.
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Table 2. Descriptive statistics of categorical variables.
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Variables United States, n (%) South Korea, n (%) Finland, n (%)
Gender
Male 604 (49.83) 591 (49.58) 600 (50.0)
Female 608 (50.17) 601 (50.42) 600 (50.0)
Living alone (yes) 136 (11.2) 139 (11.7) 396 (33.0)

Resultsof Modd 1

According to our model 1, loneliness was significantly
associated with alcohol use in the United States (beta=.12;
P<.001) and South Korea (beta=.06; P=.02), but not in Finland
(beta=.01; P=.82). Out of the demographic factors, higher age
was significantly related to excessive alcohol use across the 3
countries. The male gender predicted excessive alcohol usein
the United States (beta=—.10; P<.001) and Finland (beta=—.06;
P=.03) but not in South Korea (beta=—04; P=.13). Living alone

https://mental .jmir.org/2020/1/€14035
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was a statistically significant predictor of excessive alcohol use
in South Korea (beta=.10; P=.001; see Table 3). Compulsive
internet use was significantly associated with loneliness in all
countries (beta=.41, P<.001 in the United States; beta=.30,
P<.001in South Korea; and beta=.28, P<.001 in Finland). Lower
age was a significant predictor of compulsive internet use in
South Korea (beta=—16; P<.001) and Finland (beta=—.13;
P<.001). In the United States, the male gender (beta=—05;
P=.04) and living a one (beta=.06; P=.03) predicted compulsive
internet use (Table 4).
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Table 3. Main effects of ordinary least squares regression models with robust standard errors predicting excessive alcohol use (Alcohol Use Disorders
Identification Test-Consumption) in 3 countries.

Model United States South Korea Finland
B2 SE Beta Pvaue B SE Beta Pvaue B SE Beta P value
Model 1
Constant 49 os50° —° <001® 51° 069° — <001® —S51 067  — 44
Perceivedlondli- 18 goa®  12®  <001® 13°  006° 08P o 001 005 001 .8
ness
Age (years) 35° 002°  .41° <001 42°  003°  38° <001” 24P 003>  23° <.001°
Gender -53  014° -10° <o001® —-28 018 04 .13 —37°  017° —06® 034"
Livingaone® 027 024 003 .27 116 o031 10P oo 028 019 004 15
R2 021  — — — 018  — — — 006 — — —
Model 2
Constant 55 058 — >001  _71b Qoo — <oo? -19 08  — 02
Perceived loneli- 007 004 005 .13 0 gog®  11P oo —02 006 -0l .68
ness
Age (years) 33° 002° 40P <001 42®  003° 3P <001” 22° 003>  21° <.001°
Genderd -56° 014 —10° <oo® -3 019 05 .07 ~70° 017"  -—12®  <o01P
Livingdone® 026 024 003 .27 9 031 ooP 003 03 018 005 .11
Belonging to 006 003 006 .06 25" 005° 16  <001® 24° o004 20°  <001°
friends
Belongingtoan 002 003 002 .52 -08 004 -06 .05 _195 003 -1 oo1P
online communi-
ty
Psychological  ogP 001°  .20° <ooP 001 002 002 .59 10° 001°  21° <.001”
distress
R2 024  — — — 0.2 — — — 012 — — —

8Unstandardized regression coefficient.

bstatistically significant results (P<.05).
value not applicable.
dGender reference category male.
€ iving alone measured with a dummy variable (0=No, 1=Yes).
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Table4. Main effects of ordinary least squares regression models with robust standard errors predicting compulsive internet use (Compulsive Internet

Use Scale) in 3 countries.

Model United Sates South Korea Finland
B2 SE Beta Pvdue B SE Beta Pvaue B SE Beta P value
Model 1
Constant 82> 268 —C 002 236 2587 — <001® 198° 268> — <.001°
E;Eeived lonefi- 302° 021 41°  <o001® 22° 022 30° <001 18  018° 28"  <o001°
Age (years) -06 o011 01 .58 -63® 011° -16° <o001® -51° 011" -—13®  <o01®
Genderd 450 o7 _osb o 054 07 002 .44 024 062 001 7
Livingaone® 27 12  os® o 078 11 002 48 -40 068 -02 56
R2 018  — — — 011  — — — 009 — — —
Model 2
Constant 30 29 — 3 6.3 3 — 04 93 31 — .003
E:sgdved loneli- 250 023  30°  <001® 16° 024° 21°  <001® 14°  021° 23°  <o01®
Age (years) =07 o011 =02 82 -35°  011°  —09® o001° -34° 011" -0  .002°
Gender® 12 068 -04 .09 026 067 001 7 064 063 003 .31
Livingalone® 25  11°  os® o 062 1 002 55 ~52 066 -02 .43
Belonging to 0.13 0.15 0.02 41 51P 018>  .o9° o1 -12 0.14 -03 37
friends
Belongingtoan 140 014 27  <o01® 12® 016 242 <o001® 98° 013 23° <001
online communi-
ty
dPiSéfg)S'Ogica' 54 006° 27"  <001® 48° 008 22°  <o01® 29° o006 16°  <o01°
R2 03 — — — 019  — — — 016  — — —

8Unstandardized regression coefficient.

Pstatistically significant results (P<.05).

SValue not applicable.

dGender reference category male.

€ iving alone measured with a dummy variable (0=No, 1=Yes).

In addition, in model 1, problem gambling was significantly
related to loneliness in all 3 countries: in the United States
(beta=.10; P=.001), South Korea (beta=.18; P<.001), and
Finland (beta=.11; P=.001). Age was significantly related to
problem gambling in the United States and South Korea, but
this association was inverse. In the United States, higher age
associated with problem gambling (beta=.15; P<.001), whereas

https://mental .jmir.org/2020/1/€14035

RenderX

in South Korea, lower age was associated with problem
gambling (beta=—09; P=.01). Across the 3 countries, the male
gender was highly related to problem gambling (beta=—.14;
P<.001 inthe United States; beta=—16; P<.001 in South Korea;
and beta=—.26; P<.001 in Finland). In the United States, living
alonewasasignificant predictor of problem gambling (beta=.13;
P=.001; Table 5).
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Table 5. Main effects of ordinary least squares regression models with robust standard errors predicting problem gambling (South Oaks Gambling

Screen) in 3 countries.

Model United States South Korea Finland
B2 SE Beta Pvaue B SE Beta Pvaue B SE Beta P value
Model 1
Constant -91 054  _b 1 1.7° 040° — <001¢ 24° 060° — <.001°
E;Eeived lonefi-  14°  004°  .10° 001°  21°  004° 18° <001 .16°  004°  .11° .001¢
Age (years) 13 003° 15 <001° -05° 002° —0o¢ o01° 001 003 001 67
Gender® -76° 015 -14° <001° -63° 011° -16° <001° -13° 015° —26° <001°
Livingaone® 11 032°  13° 001 042 025 007 .09 005 017 001 .76
R2 008  — — — 006 — — — 007 — — —
Model 2
Constant 7° 07t — 02° 089 064  — 17 3.1° 1.0° — .002°
Perceived loneli- 001 005 0 91 145 0045  12° o001 001 006 001 .81
ness
Age (years) 12° 002 145  <0ol¢ —-03 002  -05 1 0 003 0 94
Gender® -74° 014 -14° <001° -63° 012 -16° <001° -14° 016° -28° <001°
Livingdone®  10°  032°  12° 001 045 024 007 .07 006 017 001 .75
Belongtofriends —02 003  —02 .47 -03 003 -03 .35 07 004 -07 11
Belongingtoan  16¢ 003°  .16° <001° .12° 003°  .14° <oo1¢ 001 003 001 .8
online communi-
ty
dPingogica' 08  001° 20° <001° .03°  001° .10° 02° 07 002 17t <.001°
Adjusted R2 013 — — — 008 — — — 009 — — —

8Unstandardized regression coefficient.

byvalue not applicable.

Cstatistically significant results (P<.05).

dGender reference category male.

€ iving alone measured with a dummy variable (0=No, 1=Yes).

Results of Modedl 2

Model 2 added the potentialy confounding factors to the
analyses. According to the model, loneliness was significantly
associated with acohol use only within the South Korean sample
(beta=.11; P=.001). Higher age remained asignificant predictor
of excessive alcohol usein al 3 countries (beta=.40; P<.001in
the United States, beta=.39; P<.001 in South Korea; and
beta=.21; P<.001 in Finland). Similarly, the male gender
continued to predict excessive alcohol usein the United States
(beta=—10, P<.001) and Finland (beta=—12; P<.001). Living
alone endured the confounds and remained a statistically
significant predictor of excessive alcohol use in South Korea
(beta=.09; P=.003).

The relationship between loneliness and compulsive internet
use remained highly significant in al 3 countries: in the United
States (beta=.30; P<.001), South Korea (beta=.21; P<.001), and
Finland (beta=.23; P<.001). Lower age was also a significant

https://mental .jmir.org/2020/1/€14035

predictor of compulsiveinternet usein South Korea (beta=—.09;
P=.001) and Finland (beta=—09; P=.002). The effects of gender
were no longer observed (beta=—.04, P=.09 in the United States;
beta=.01, P=.70 in South Korea; and beta=.03, P=.31 in
Finland). Living alone persisted as a predictor of compulsive
internet use among youths in the United States (beta=.06;
P=.02).

With the added confounds, |oneliness continued to significantly
associate with problem gambling only within the South Korean
sample (beta=.12; P=.001). In the United States, higher age
remained associated with problem gambling (beta=.14; P<.001),
whereas in South Korea, the effect of age was no longer
significant (beta=—05; P=.10). Furthermore, in model 2, the
male gender was strongly related to problem gambling in al 3
countries (beta=—14, P<.001 in the United States; beta=—16,
P<.001 in South Korea; and beta=—.28, P<.001 in Finland). In
addition, living alone remained a significant predictor of
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problem gambling within youthsin the United States (beta=.12;
P=.001). Full models are reported in Tables 3to 5.

The additional OL Sregression analyseswith removed potential
outliers reproduced the above findings. Only excessive al cohol
use became significant in model 2 of the US sample (beta=.07;
P=.02). The supplementary robustness checks of the analyses
were done by running the models with zero-inflated Poisson
regression (Multimedia Appendix 1) and logistic regression
analysisusing cutoff scoresfor addictive behaviors (Multimedia
Appendix 2). These analyses showed that loneliness was
associated with compulsiveinternet usein all countries, whereas
excessive alcohol use and problem gambling remained
significant only in South Korea.

Discussion

Principal Findings

Analyzing data from 3 different countries, this study examined
the association of perceived loneliness with different addictive
behaviors among adol escents and young adults. Lonelinesswas
consistently associated with compulsive internet use across the
3 countries: the United States, South Korea, and Finland. An
association between loneliness and excessive alcohol use was
observed among youths in South Korea. Similarly, loneliness
was related to problem gambling among South Korean youths.
These findings were consistent when testing for confounding
interactions of age and gender, indicating that to an extent,
loneliness is associated with addiction, irrespective of gender
or age. These results provide support for previous research
[19,21] and further emphasize that lonelinessis apotential risk
factor particularly in compulsive internet use. Youths who
experienceloneliness seem morelikely to follow online-oriented
addiction trajectories across countries. Those youths who are
more fulfilled with their interpersonal relationships might
experiment with other types of disruptive behaviors, such as
problem gambling and excessive alcohol consumption.

Following the cognitive discrepancy loneliness model, we
suggest that lonely youths might feel as though their social
needs are not adequately satisfied, which manifestsin spending
excessive amounts of time online. It is also possible that these
youths would search for meaningful, like-minded social
interactions [58,59] and identities through different online
communities [60].

Cultural Significance of Findings

The extent to which youths engage in different types of addictive
behaviors might reveal explanatory differences about youthsin
their cultural settings. Within this study, we found similarities
between youths in terms of loneliness and engagement in
internet use. Preval ence statisticsindicate that the youth in these
3 countries are skilled internet users[36], and thisfinding further
suggests that the internet is particularly attractive to lonely
youth. However, we propose that the youth living in diverse
settings have different motivations for spending excessive time
online: for theindividualistic American and Finnish youths, the
internet isaplace of expressing oneself and building apresence
that is loosely connected to other users, whereas collectivistic
South Korean youths might seek for virtual companionship with
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whom to share mutual values and support with [34]. In addition,
the results indicate that compulsive internet use is highly
associated with younger age, emphasizing the importance of
early interventions.

In South Korea, loneliness was aso found to be significantly
related to excessive alcohol use and problem gambling. This
result might indicate that perceived loneliness among
collectivistic South Korean youth results in more serious
consequences than among youths in the United States and
Finland [61]. Addictive behaviors may further function as a
way of coping with uncertainty caused by the deviation away
from the South Korean societal status quo. These results may
also reflect current behavioral trends prevailing among youths
across the world. Extensive Health Behaviour in School-Aged
Children data found that adolescents in the United States and
Finland have become more uniform in their drunkenness
frequency, with overall alcohol consumption among adolescent
age groups decreasing dlightly [62], whereas a nationwide
research on South Korean youths' health behavior recognized
the increasing rate of alcohol use among the youth as a major
issue[61].

In the United States and Finland, the social environment often
encourages youths to participate in alcohol use and engaging
in heavy forms of drinking usualy takes place in social
gatherings[63]. These youths might be socially satisfied, asthe
cognitive discrepancy loneliness theory implies. The findings
of this study might additionally reveal that among American
and Finnish youths, drinking alcohol isnot only acharacteristic
behavior of the socially active but behavior that could be
considered asindulgent; an allowed form of gratification, related
to having fun and enjoyment [34].

Gambling, even though often practiced alone, does not seem to
be a lonely endeavor for the American or Finnish youths.
Loneliness was associated with higher problem gambling in all
of our country samples before adding offline and online
belonging, and psychological distress, into the models. After
accounting for these factors, the associ ation remained significant
only in South Korea. In Finland and the United States, other
psychological factors, such as belongingness to friends or
psychological distress, may be stronger predictors of problem
behavior. For some youths, living alone might function as a
noteworthy risk factor in both, youth compulsive internet use
and problem gambling, as associations between these variables
were found in 2 of the samples: the United States and South
Korea. It is also possible that these 2 activities are related; due
to the various online gambling opportunities, gambling activities
add to the overall time spent online, thus contributing to
compulsive internet use. Moreover, comorbidity is a common
feature of addiction and it should be acknowledged that the
addictive behaviors investigated in this study might co-occur
among young individuals [64,65].

South Korean culture is described as more long-term oriented
than those of the United States or Finland [34]. From this
cultural perspective, it is possible that lonely South Korean
youths are more distressed about how their perceived loneliness
might disrupt their long-term goals, which manifests in
behaviors that are counterintuitive for future well-being. In
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addition, loneliness may be a more serious issue in a
collectivigtic culture: those youths who feel loneliness may
experience it much direr than their counterparts in less
collectivistic countries.

Limitations

Notwithstanding the strengths of the study, some limitations
must be acknowledged. First, the study utilized a cross-sectional
design that does not allow for concluding that the examined
associations have adirectional causal relationship. Second, our
results show some differences across the 3 countries but cannot
pinpoint what makes the differences. Future research should
explore various psychological and sociocultural factors that
may contribute to the differences. Finadly, the problem of
self-reported survey data on substance use or illicit behavior
must be acknowledged as a research limitation, as these
guestions can be sensitive and lead to social desirability bias.

Implications

Lonelinessisan encompassing and harmful experiencethat can
impact anindividua on both physical and mental levels[27,28].
Although much research has been done on the effects of
loneliness on adult popul ations, adolescents and emerging adults
are also vulnerable populations to the harms of loneliness, as
well as increasingly susceptible to destructive behaviors.
Therefore, examining the rel ationship between these 2 variables
is highly important. This study analyzed multicultural data on
youths aged 15 to 25 years and found significant associations
between perceived loneliness and addictive behaviors, thus
adding to the existing literature. These results indicate that,
across diverse cultures, youths who experience loneliness a so
report higher engagement in destructive behavior, especially
that of compulsive internet use.

On the basis of these results, it is suggested that prevention
methods for compulsive internet use be improved by educating
youths about the harms of excessive online usage. An existing
challenge is to reach young compulsive internet users. One

Savolainen et al

promising direction of prevention is the development and
building of internet-based, culturally informed behavioral
intervention technologies that provide real-time support and
personalized feedback, as well as assist with self-monitoring
about the time elapsed online [66,67]. Furthermore, a need to
develop youth prevention programs to lessen experienced
lonelinessis recognized. Youths should al so be informed about
how behaviorsthat may seem mundane and part of the everyday
life can become excessive and disrupt healthy functioning.
Focusing on strengthening youths social relationships and
educating them about the harms of loneliness are additional
main implications suggested by this research.

Conclusions

Analyzing data from 3 countries, this research is able to add
valuable and cross-culturally comparative insight into youth
addictive behaviors. By applying social psychologica theory
on the phenomenon, this study extends the existing
understanding on youth addiction. It can offer new information
for policy makers and those working with young individuals
on how to better address specific youth problem behaviors.
Country and culture seem to have their sharein influencing and
shaping the underlining reasons, or ways, as to why the youth
cometo engagein certain behaviors. It isemphasi zed that youths
coming from and living in different contexts might externalize
their feelings of loneliness in different ways. Although the
internet is used compulsively by youthsin countries across the
globe, South Korean youths also might externalize feelings of
loneliness by engaging in excessive drinking and problem
gambling. These youths might benefit from support and
counseling that guides them toward other healthier activities.

This study expands youth addiction research beyond a national
boundary. It offers additional insight into how perceived
loneliness relates to 3 different types of youth addictive
behaviors. Implications suggest improving prevention methods
in compulsiveinternet use by educating youths about the harms
of experienced loneliness and forms of excessive behaviors.
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