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Abstract

Background: University students have a higher prevalence rate of depression than the average 18 to 24 year old. Internet
self-help has been demonstrated to be effective in decreasing self-rated measures of depression in thispopulation, so it isimportant
to explore the awareness, access and use of such self-help resources in this population.

Objective: The objective of this study isto explore university students awareness, access and use of Internet self-help websites
for depression and related problems.

Methods: A total of 2691 university students were surveyed at 3 time points.

Results:  When asked about browsing behavior, 69.6% (1494/2146) of students reported using the Internet for entertainment.
Most studentswere not familiar with self-help websitesfor emotional health, although this awarenessincreased asthey completed
further assessments. Most students considered user-friendliness, content and interactivity as very important in the design of a
self-help website. After being exposed to a self-help website, more students reported visiting websites for emotional health than
those who had not been exposed.

Conclusions: More students reported visiting self-help websites after becoming aware of such resources. Increased awvareness
of depression and related treatment resources may increase use of such resources. It is important to increase public avareness
with the aim of increasing access to targeted strategies for young people.

(JMIR Ment Health 2016;3(4):e48) doi:10.2196/mental.5311
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population, so it is highly relevant to explore the awareness,

Introduction access and use of such self-help resources in this population.

The purpose of this study is to explore university students

Awarenessin the General Population
awareness, access and use of Internet self-help websites for

depression and related problems in a sample of university
students in the 18 to 24 year age group. This age group has a
high prevalence of depression and university students have been
found to have an even higher prevalence rate than the average
18 to 24 year old (20% compared with 10%, respectively) [1].
Furthermore, it has been shown that Internet self-help is
effectivein decreasing self-rated measures of depression in this

http://mental .jmir.org/2016/4/e48/

In exploring awareness of depression in the general population
it was found that there are a growing number of public health
campaigns that aim to increase awareness of depression and
related issues (eg, beyondblue). Beyondblue is a National
Depression Initiative in Australia that has a large advertising
campaign on television, buses, letter box drops etc [2]; such
health promotion strategies are common in similar campaigns
worldwide [3]. The United States has a National Depression

JMIR Ment Health 2016 | vol. 3 | iss. 4 [e48 | p.2
(page number not for citation purposes)


mailto:gordana.culjak@uni.sydney.edu.au
http://dx.doi.org/10.2196/mental.5311
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

Screening Day which is part of the National Mental Iliness
Awareness Week that occurs each October [4]. In 1993 the
National Public Education Campaign on Clinical Depression
was launched and is sponsored by the Mental Health Association
and over 100 professional and advocacy groups [5]. The
American Medical Associationisalso working with the National
Ingtitute of Mental Health to increase awareness [6].

It has been reported that these campaigns enhance public
education and awareness and improve professional recognition
and management of depression [7]. Studies have shown that
with regards to treatment, people who had sought help were
less likely to find family and social support helpful and more
likely to believein medical interventions such as antidepressants.
These postal survey participants rated holidays, massages and
recreational activitiesashelpful [8]. Thiswassimilar to previous
findings that showed prior treatment, higher education and
greater episode length predicted treatment-seeking behavior,
whereas non-treatment-seekers felt they could handle it
themselves and either did not recognize or see depression as
serious [9]. Professional treatment was often perceived as
helpful, but rarely used [10]. Most people with symptoms of
depression and anxiety access“ simple self-help interventions’.
It is therefore important to explore awareness, access and use
of such self-help interventions.

Awarenessin the University Student Population

A Swiss study explored awareness of mental disorders in
university students and found awide variability in mental health
literacy. For depression, however, they found that most students
recognized the symptoms [11] and concluded that special
attention should be paid towards the effects of gender and
stereotypes on mental illness.

Health Infor mation on the I nternet

A National Survey in the United States has found that 80% of
Internet users look for health information online, and that 21%
look for depression, anxiety, stress or mental health information
[12]. From the information they obtain on the Internet, 47% of
consumers say that their findings influenced their decisions
about treatment and care, prepared them to ask more questions
or get a second opinion and influenced their decisions about
whether or not to visit adoctor [13].

Web-based treatments and education about depression and
anxiety have been cited as having the advantage of facilitating
broader access for both suffererswho do not seek external help
and for consumers who have access to Web-based guidelines
[14].

People Do Not Seek Help

It was found that only 20.1% of 18 to 54 year olds with
emotional disordersreceived treatment between 2001 and 2003
[15]. The National Finnish Health Care Survey revealed that of
people suffering from a major depressive episode over the last
12 months, only 31% of men and 25% of women used any type
of health care services, with people more likely to use services
if they have suffered longer, had symptoms of greater severity
and perceived disability [16].

http://mental .jmir.org/2016/4/e48/
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University Students Do Not Seek Help

A study on the health service utilization of 2785 university
students at alarge public university in 2005 found that for these
students, who have a similar profile to the nationa student
population in the United States (ie. in auniversity environment
“with free access to short-term psychotherapy and basic health
services'’), between 37% and 84% of students with apparent
mental disordersdid not receivetreatment [17]. Thishighlights
the need for new models of service delivery to be targeted at
this population. The findings of this study are particularly
relevant in the current context as university studentsin Australia
have accessto free basic health care services and most campuses
have free and convenient counseling services. A study from
Norway showed that students reported a need for help, but only
one-third sought help from traditional methods[18]. Thisfurther
highlights the need for new pathways to care. This is an
interesting finding given that 25% to 35% of health professional
students reported alarming symptoms of depression [19].

People Take Too Long to Get Help

Delaysin seeking professional trestment are common, especially
in those with short symptom duration and only a minority of
people with disorders receive any treatment. Due to the high
preval ence of depressive disorder, chronicity, early age of onset
and resulting seriousimpairment, the World Health Organization
advocates a need for early outreach and intervention programs,
aswell asquality assurance programsto investigate the problem
of inadequate treatment [20].

The US National Comorbidity survey showed that over 80% of
15 to 54 year oldswith alifetime prevalence of Diagnostic and
Statistical Manual of Mental Disorders-111-Revised (DSM-111-R)
disorder eventually contact a health professional, but that it may
take them more than 10 years, on average, to do so [21]. Most
of these young people are unlikely to get professiona help.
Treatment contact delay wasfound to be between 6 and 14 years
across arange of psychiatric disorders [22]. It was aso found
that only one-third of subjectswith a current disorder reported
contacting psychiatric services and only 16% continued this
contact [23].

The Canadian National Mental Health Survey with 36,984
respondents found that only 32% of people with symptoms of
mental disorder or substance dependencies saw or spoke to a
health professional in the previous 12 months. They also found
that teens and young adults (15 to 24 years) are least likely to
use mental health services, despite a higher preval ence of mental
health problems, with one survey finding that only 32% of those
had talked to ahealth care professional in the previous 12-month
period [24]. A survey of Australian youth found that they are
similarly unlikely to seek professional help [25].

Improving Screening and Treatment

One of the strategies for overcoming barriers to seeking help
for depression and anxiety isto improve screening and treatment
[14]. Internet-based self-help programs delivering Cognitive
Behavioral Therapy (CBT) to theindividual and self-awareness
may prove to be a way of overcoming this barrier as it serves
to provide an accurate screening tool, as well as educating the
user about depression and related disorders.
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Internet Self-Help

The availability of these servicesis one part of the spectrum of
mental health service delivery. Initiatives to improve Internet
service efficacy includes access and use of services. Assessing
the current awareness, access, and use of such resourcesin order
to inform health promotion strategies is the first step in this
process.

Aim
The aim of this prospective study is to investigate awareness,

access and use of Internet self-help in the university student
popul ation.

Methods

Awar eness, Access and Use of Internet Self-Help in
University Aged Students

Ethics approval from the University of Sydney and the
University of Technology, Sydney (UTS) was granted in order
to conduct the Awareness, Access and Use Prospective study.
Deans of the UTS Faculties of Information Technology,
Education, Law, Nursing and Science were supportive. From
the University of Sydney, the Deans approached were from the
Faculties of Science and Heath Sciences; both were also
supportive. Students from the Faculty of Science (at both
universities) and from the Faculty of Health Sciences (University
of Sydney) had the highest response rates. A pilot study was
conducted in order to test cost, response rate and the feasibility
of administering the large-scale prospective study at 3 time
points across each university semester. The study ranfor 2 years
(equivalent to 4 university student semesters).

Data Collection

To test the aims of the study, a questionnaire was administered
at 3 time points over a 2-month period to assess student
responses at baseline (T1) and any subsequent changes (T2 and
T3). The questionnaire asked students about their Internet
access, the amount of time they spent online and whether it is
for work and/or study or leisure purposes. It then progressed to
Internet self-help in general and then about how familiar they
were with or whether they had accessed or used an Internet
self-help website for emotional health. The Awareness, Access
and Use Questionnaire also asked them what they would
consider important in awebsite, credibility, aswell aswhat they
thought of free versus fee-based self-help websites. This was
thefirst part of atwo-part questionnaire. Thefirst part consisted
of questions related to the Awareness, Access and Use of
Internet self-help (this study), the second part is the Center for
Epidemiological Studies-Depression Questionnaire (CES-D or
CESD), which was part of another larger CyberPsychiatry Study
[26]. The findings of that study are reported elsewhere [26].

The two-part questionnaire was administered at 3 time points,
one month apart, during the university semester. The study was

http://mental .jmir.org/2016/4/e48/
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therefore designed to be conducted near the beginning, the
middle and the end of the semester, but avoided the exam period.
Questionnaires were distributed as close as possible to weeks
2, 6 and 10 of the 12-week university semester.

Once baseline was complete (T1), the questionnaire was next
distributed at T2. At T2 students who scored greater than or
equal to 16 on the CESD were randomized into one of two
groups. The intervention group consisted of students being
randomized to the self-help website, which in this study was
Moodgym [27]. The control group students were randomized
to an information package, which was a psychoeducational
pamphlet accessed through the Internet via a hyperlink [28].
Those results are reported elsewhere [26]. It is worth noting
that completing the CESD questionnaire at the same time and
being randomized to either group may have improved their
awareness, access and use over the study period (T2 and T3).

M easures

The datasheet design was pilot tested in focus groups to gain
student feedback to improve the questionnaire. Suggestions
were incorporated and the final questionnaire was then used as
the study instrument. Questions used to facilitate this focus
group were adapted from Morgan and Kruger's Focus Group
Kit and Frazer and Lawley’s Questionnaire Design [29,30]. The
final survey instrument is shown in Multimedia Appendix 1.

Statistical Analysis

Descriptive statistics were obtained using data collected and
input into aMicrosoft Access database, cleansed using Microsoft
Excel and analyzed using SPSS statistical software.

Results

The number of participants in the prospective Awareness,
Accessand Use of Internet Self-Help study after exclusionswas
2970. Of those, 90.61% (2691/2970) were 18 to 24 years of
age, of whom 79.75% (2146/2691) completed the questionnaire
at T1, where over half (57.88%, 1242/2146) were female. Most
of the students surveyed (81.97%, 1759/2146) werefrom UTS,
with the Faculties of Information Technology, Science and
Health Sciences having the highest numbers of participants.

The majority of students (77.26%, 1658/2146) had Internet
access 24 hours a day, 7 days per week. Large proportions of
students spent many hours on the Internet for persona use
(Figure 1).

When asked about browsing behavior, 70% (1494/2146) of
students reported using the Internet for entertainment, whereas
12% (255/2146) used it for health and well-being. Asmorethan
one choice was enabled on the Awareness, Access and Use
Questionnaire, browsing topics do not equate to 100% (Figure
2).
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Figure 1. Number of hours per week students spend online for personal use.
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Figure 2. Topics browsed by students online.
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When asked about their familiarity with self-help websites, 166
students named one, of which most (12.7%, 21/166) named
beyondblue, 7 (4.2%, 7/166) named Kidshelpline, 3 (1.8%,
3/166) named MoodGym and 7 (4.2%, 7/166) named Reachout.
In using health and well-being websites, 17 students (15.3%,
17/111) had browsed them before, 23 (20.7%, 23/111) had
visited one for emotional health and 12 (10.8%, 12/111) had
done so in the last 6 months. When asked whether they would
pay to use aself-help website, 62.63% (1344/2146) of students
said they would not useit unlessit wasfor free. Detailed results
are reported elsewhere [26]. It was found that 221 (10.30%,
221/2146) students had visited a self-hel p website for emotional
health.

http://mental jmir.org/2016/4/e48/
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Website Qualities

Most responders always (21.48%, 461/2146), often (19.90%,
427/2146) and sometimes (14.40%, 309/2146) consider the
credibility and professional authenticity (support or affiliation)
of a self-help website, whilst only 3.03% (65/2146) said they
never considered it. They rated self-help websites asvery useful
(7.18%, 154/2146) or of little use (16.31%, 350/2146), with 15
students (0.70%, 15/2146) rating them as harmful.

Most students consider user-friendliness, content and
interactivity as very important in the design of a self-help
website (Table 1). Therefore, websites need to contain good
quality content, be user-friendly and interactive to be more
likely to be accessed and used by students.
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Table 1. Self-help website characteristics of importance to students (N=2146).

Importance Very, n (%) Some, n (%) Little, n (%) None, n (%)  Not applicable, n Non-response, n
(%) (%)
Appearance 540 (25.2) 718 (33.5) 134 (6.2) 66 (3.1) 623 (29.0) 65 (3.0)
User-friendly 1127 (52.5) 265 (12.3) 35(1.6) 46 (2.1) 609 (28.4) 64 (3.0)
Interactivity 839 (39.1) 480 (22.4) 86 (4.0) 42 (2.0 628 (29.3) 71(3.3)
Content 1183 (55.1) 207 (9.6) 34 (1.6) 41(1.9) 610 (28.4) 71(3.3)
Screening 542 (25.3) 639 (29.8) 212 (9.9) 50 (2.3) 635 (29.6) 68(3.2)
Table 2. Internet self-help website use by CESD score at time point 2 (T2) followed through time.
Time point 1, n (%) Time point 2, n (%) Time point 3, n (%)
CESD CESD Total CESD CESD Total CESD CESD Total
score<16  score=16 score<16  score=16 score<16  score=16
Browse health/ 49 (6.6) 31(4.2) 80(10.8) 58 (7.8) 32(4.3) 90 (12.1) 51 (6.9) 29(3.9) 80(10.8)
well-being
Visited for emo- 36 (4.8) 33(4.49) 69 (9.3) 38(5.1) 41 (5.5) 79 (10.6) 43(5.8) 58 (7.8) 101 (13.6)
tional health
Visited hzl inlast 14 (1.9) 19 (2.6) 33(4.4) 13(1.7) 21(2.8) 34 (4.6) 15 (2.0) 23(3.1) 38(5.1)
6 months

Use Over Time

Of the 2691 students (18-24 year olds) in the prospective study,
27.61% (743/2691) completed T1, T2 and T3. The Internet use
guestions and how they changed over time are shown in Table
2.

Discussion

Principal Findings

Overal, studentsindicated an awareness of and willingness to
use Internet self-help. Increased activity in public health
campaigns may have led to a heightened awareness of
depression and related i ssues[31]. Previous studies have shown
that a higher level of education predicted treatment-seeking
behavior [9] and the results of this study may support those
findings as university students have shown a willingness to
access Internet self-help. This study took a selected population
survey approach and did not address al 18 to 24 year old
treatment-seeking behavior.

As 11.88% (255/2146) of students had accessed health and
well-being specifically, this was an important finding as a
previous study has shown that half (47%) of consumers said
that health information on the Internet influenced their treatment
decisions, prepared them to ask more questions and influenced
their further help-seeking. This is important because Internet
self-help may be afirst step on the pathway to care for those
who would otherwise not seek help or would take too long to
do so. Asaway of reaching out to young people and engaging
them, Internet self-help for depression is in line with World
Health Organization advice for early outreach and intervention
programs.

http://mental .jmir.org/2016/4/e48/

Effective Internet-delivered CBT programs are not going to
help peopleif they are not being used. The findings of this study
show that as awareness through exposure increased, so did
Internet access and use. It showed that approximately 1in 10
studentsbrowsethe Internet for health, well-being and emotional
health and of those, half the students re-visit these websites
regularly. As prevalence of depression is20% in this population,
it is promising that 10% of students are seeking health
information on the Internet. Internet delivered CBT may
therefore be an effective way of reaching out to those in need.

This study is not without its limitations. It would have been
ideal to conduct the survey online as the topic is about online
self-help; however, paper-based face-to-face surveys were
chosen as they were expected to give a higher response rate. It
is doubtful that an online survey would have obtained the same
level of participation [26].

It is important for self-help Web surfers of low mood to be
aware of the freely-available quality criteriain rating awebsite
because the magjority of students always (21.48%, 461/2146),
often (19.90%, 427/2146) or sometimes (14.40%, 309/2146)
consider the credibility of a self-help website, which is
encouraging.

Conclusions

More students reported visiting self-help websites as their
awareness of such resources increased. This is an indication
that increased awareness of depression and related resources
seems to increase use of such resources. It is important to
increase public awareness so that targeted strategies, including
those for young people will be more widely utilized. As this
study shows that a proportion of students are aware of Internet
self-help and that many students do access these resources or
access them regularly, these early findings may be used as a
basis for further research on help-seeking behavior.
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Abstract

Background: Mobiletechnologies have the potential to be used asinnovative tools for conducting research on the mental health
and well-being of young people. In particular, they have utility for carrying out ecological momentary assessment (EMA) research
by capturing data from participantsin real time asthey go about their daily lives.

Objective: Theaim of this study was to explore the utility of a mobile phone app as a means of collecting EMA data pertaining
to mood, problems, and coping efficacy in a school-based sample of Irish young people.

Methods: The study included atotal of 208 participants who were aged 15-18 years, 64% female (113/208), recruited from
second-level schoolsin Ireland, and who downloaded the CopeSmart mobile phone app as part of arandomized controlled trial.
On the app, participants initially responded to 5 single-item measures of key protective factors in youth mental health (formal
help-seeking, informal help-seeking, sleep, exercise, and sense of belonging). They were then encouraged to use the app daily to
input data relating to mood states (happiness, sadness, anger, stress, and worry), daily problems, and coping self-efficacy. The
app automatically collected data pertaining to user engagement over the course of the 28-day intervention period. Students also
completed pen and paper questionnaires containing standardized measures of emotional distress (Depression, Anxiety, and Stress
Scale; DASS-21), well-being (World Health Organization Well-Being Index; WHO-5), and coping (Coping Strategies | nventory;
Csl).

Results: On average the participants completed 18% (5/28) of daily ratings, and engagement levels did not differ across gender,
age, school, socioeconomic status, ethnicity, or nationality. On a scale of 1 to 10, happiness was consistently the highest rated
mood state (overall mean 6.56), and anger was consistently the lowest (overall mean 2.11). Pearson correlations revealed that
average daily ratings of emotional states were associated with standardized measures of emotional distress (I pqppiness=—45,
I'saness=OL, Tanger=-32, T'sress=- 4L, Nyormy=-48) and well-being (I'pappiness=-39; I'sadness =43, Nanger=—-275 T'stress=+39; Nworry=—-33).
Inferential statisticsindicated that single-item indicators of key protective factors were related to emotional distress, well-being,
and average daily mood states, as measured by EMA ratings. Hierarchical regressions revealed that greater daily problems were
associated with more negative daily mood ratings (all at the P<.001 level); however, when coping efficacy was taken into account,
the relationship between problems and happiness, sadness, and anger became negligible.

Conclusions: While engagement with the app was low, overall the EMA data collected in this exploratory study appeared valid
and provided useful insights into the relationships between daily problems, coping efficacy, and mood states. Future research
should explore ways to increase engagement with EMA mobile phone apps in adolescent populations to maximize the amount
of data captured by these toals.

Trial Registration: Clinicaltrials.gov NCT02265978; http://clinicaltrials.gov/ct2/show/NCT02265978 (Archived by WebCite
at http://www.webcitation.org/6mMeY gseA).
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Introduction

M obile technol ogies have the potential to be used asinnovative
tools for conducting research on the mental health and
well-being of young people. In particular, they have utility for
carrying out ecological momentary assessment (EMA) [1] or
experience sampling methods [2]. These methodological terms
(hereafter denoted as EMA) refer to the process of capturing
data from participants in real time as they go about their daily
lives [1-3] and are especially useful for exploring dynamic
constructs such as symptoms of psychopathology and affective
states, which tend to fluctuate over time [2,4].

A key advantage of EMA is that it addresses the limitations
presented by retrospective measures of behaviors and
experiences. Autobiographical memory is considered to be a
representation of experience, largely reconstructed through the
use of heuristic strategies, which can cause recall to become
biased [1]. For example, the availability heuristic postulates
that individuals judge events to be more frequent if they are
easily retrievable from memory [5]. This heuristic produces
accurate estimates of frequency in caseswherean eventiseasily
retrievable due to familiarity with that event. However, biases
can occur when events are easily retrievable for other reasons
(eg, because they occurred recently or because they were
emotionally salient), which may result in overestimation of their
frequency [1]. Another limitation of autobiographical memory
isthe potential for memories of a situation to be unconsciously
distorted based on preexisting expectancies, thoughts, and beliefs
about that situation [1,6]. In aresearch context, this can affect
thevalidity of retrospective measures of behaviorsand affective
states, particularly where such measures have not been well
validated in the population under study. For example, research
suggests that participants tend to overestimate intensity and
duration of symptoms in recal-based measures [1]. EMA
overcomes these issues by assessing participants’ statesin real
time as they are occurring, thus providing more reliable and
ecologically valid measurements.

EMA is not new to socia research [2]. In past studies, young
people have been given pencil and paper diaries to complete
real-time measures of behaviors and moods [7-9]. However,
these methods raised concerns around compliance, whereby
participants would not complete measures at the correct time
and would * backfill” them on alater occasion, or, in some cases,
would fill in measures ahead of time rendering the datainvalid
[10]. Advancesin mobil e technol ogies have resulted inameans
of addressing this issue due to the increasing availability of
electronic methods of data collection, such as maobile phones,
which provide time and date stamps for data entered by
participants.

Indeed, mobile phones have the potentia to be a particularly
valuable means of collecting EMA data. Thesetechnologiesare
now almost ubiquitous, with ownership of smartphones (ie,

http://mental .jmir.org/2016/4/e51/

mobile phones that can connect to data networks such as the
Internet) almost doubling among American adults between 2011
and 2015 [11], and adolescent smartphone ownership is
estimated at between 75% and 86% in the developed world
[11-13]. Research also suggests that smartphone ownership is
not restricted by socioeconomic status[14]. Thus, they represent
awidely available and highly accessible medium for capturing
data about diverse populations. Furthermore, asindividuals are
used to carrying their phones around with them, the likelihood
of missing entries due to participants forgetting to bring an
additional research device with them isreduced. Mobile phones
also have value as being potentially very cost-effective data
collection tools, as they are highly scalable. Although initial
investment may be required to develop the data collection
software platform, it ismuch simpler to subsequently customize
that platform to capture different types of data and answer
different research questions [15]. Furthermore, researchers no
longer need to purchase mobile devices for participants, as
software applications—more commonly known as mobile phone
apps[16]—for collecting data can be downloaded directly onto
participants’ personal mobile phone devices. Thus, collecting
data from large numbers of participants is unlikely to entail
additional costs, making large-scale projects a more accessible
and feasible option for researchers.

Recent years have seen frequent use of mobile-based EMA
methods in studies with young people, particularly in relation
to health behaviors such as medication adherence [17], smoking
[18], and eating behaviors [19]. EMA methods have also been
increasingly used to study emotional states in adolescents with
clinically diagnosed mental health problems such as mood and
anxiety disorders[3,20-22]. However, fewer studies have been
conducted on the utility of electronic EMA methods to capture
datapertaining to mood (ie, the experience of acurrent emotion
such as happiness, sadness, anger, and so forth) and coping
efficacy in ageneral, nonclinical adolescent population.

A pilot study by Abbot et a explored the feasibility of using
EMA with a school-based sample of 40 Australian adolescents
to capture data pertaining to their contextual environment,
behaviors, and mood states[2]. They reported that not only was
this method of capturing data feasible, but the young people
involved inthe study found the use of amobile phone asameans
of data collection to be particularly engaging. However, they
did not report details of engagement or attrition. Furthermore,
due to the small sample size, their analyses were only
descriptive, and they did not examine the validity of the EMA
data captured.

Another small-scale feasibility study was conducted by Garcia
et al. They used EMA to collect data pertaining to daily
activities, behaviors, and attitudes among 24 female Latina
adolescents in the United States via mobile phones [23]. They
tested 2 methods of EMA: onewhere participantswere required
to respond as quickly as possible to questions sent via text
message (signal-based assessment) and one where participants
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were instructed to respond to text message-based questions
whenever they wanted, but to provide unprompted open-ended
texts describing how they felt during events that occurred in
their daily lives (event-based assessment). They ran numerous
rounds of data collection, with participants experiencing both
methods at some point during the study. They found that
compliance rates varied across both methods, with signal-based
sampling inducing ahigher compliancerate (average percentage
of texts responded to was 79%) than event-based sampling
(average percentage of texts responded to was 54%). However,
their analyses were limited to examining compliance rates, and
they did not present details of the actual EMA responses
captured. Furthermore, the homogeneity of the sample (all
Latina females) limits the generalizability of their findings.

Another example of a mobile phone-based method of
mood-related EMA is Kauer et a’s intervention, Mobiletype
[24]. This was a targeted mobile phone app, where Australian
adol escents (N=68) with elevated level s of depression monitored
their mood, stress, coping strategies, activities, eating, sleeping,
exercise, and substance use. They found that engagement was
moderate with participants completing EMA ratings 3-4 times
per day on an average of 17-18 days within the 4-week
intervention period, demonstrating the feasibility of thistool in
a sample of adolescents experiencing depressive symptoms.
However, the focus of their study was on evaluating the
effectiveness of the app as an intervention. Thus, they did not
report details of the EMA responses or examine their validity
in comparison to standardized measures.

Overall, EMA has potential to provide an innovative,
ecologically valid means of capturing detailed data about young
peopl€e's real-world experiences in their natural environments.
Given the elevated prevalence of emotiona problems
experienced during adolescence [25,26], this is a particularly
salient time to examine individuals' daily experience of mood,
problems, and coping efficacy. In light of the advantages of
mobile phones as highly accessible and cost-effective tools for
EMA research, it is important to explore their potential
feasibility for studying such constructs in young people.

However, while small-scale studies have suggested the
feasibility of mobile phone-based EMA pertaining to mental
health in small adolescent samples [2,23,24], actual analyses
of the EMA data captured in these studies has been limited or
nonexistent and the validity of this data has not been explored.
There has been increased recognition in recent years of the
importance of promoting well-being in the general population
of young people, in order to maximize beneficial outcomes,
rather than just focusing on treating symptomsin young people
already experiencing clinical levels of distress. Thus, it is
important that we study the use of EMA in community-based
adolescent samples. This is important for establishing the
validity of such data and determining what it can tell us about
young people'sdaily experience of mood, problems, and coping
efficacy, which will help inform the design and delivery of
resources to support young people’s day-to-day well-being.

Theaim of this study wasto addressthe gap in the literature by
exploring the utility of a mobile phone app as a means of
collecting EMA data pertaining to mood, problems, and coping
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efficacy in a school-based sample of young people. The app
used to collect datain our study was CopeSmart . Thisapp was
designed as a mental health intervention promoting emotional
self-monitoring and positive coping strategies in adolescents
[27]. As part of the intervention, users were encouraged to
engage in self-monitoring by inputting EMA data to the app
pertaining to their daily experience of problems, coping efficacy,
and mood states. A more detailed description of the full app
content is presented in Kenny, Dooley, and Fitzgerald [27].

As this study was exploratory, specific hypotheses were not
generated. However, the researchers were interested in
answering the following 4 general questions:

- Fird, the researchers were interested in exploring: (1) To
what extent do participants engage with the EMA
component of the app?

«  Second, theresearchers aimed to explore the validity of the
data by testing: (2) Are EMA responses correlated with
standardized measures of mental health and coping?

« AsEMAsare completed during participants' daily lives, it
is intuitive that measures used should be brief in order to
maximize participants responses. Thus, the researchers
were interested in evaluating the use of single-item
measures of key protective factors in youth mental health
(described below) by assessing: (3) Are brief single-item
measures of key protective factors related to adolescents
daily mood states?

- Finaly, research suggeststhat experiencing daily stressors,
such as negative events and problems, is associated with
lower positive mood and higher negative mood during
adolescence [28,29]. Studies also indicate that coping
effectively with these stressors is associated with more
positive mood outcomesin young people[30-32]. TheEMA
data collected by the app in this study offered a highly
ecologically valid means of generating insight into the
relationships between these variables in an adolescent
sample. Thus, the researchers were interested in exploring
(4) What isthe rel ationship between daily problems, coping
efficacy, and mood statesin young people, as measured by
EMA data?

Methods

Participants

The study included a total of 208 participants, 64% females
(133/208), aged 15-18 years (mean 15.98, SD 0.70), recruited
from 10 schoolsin the Republic of Ireland, and for whom mobile
phone app data were captured as part of an effectiveness
evaluation of the CopeSmart app intervention to be presented
inaseparate paper (Clinicaltrials.gov NCT02265978). In terms
of nationality, 95% of the sample (197/208) were Irish and the
remaining 5% wereforeign nationals. In terms of ethnicity, 97%
(202/208) identified aswhite, 0.5% (1/208) identified as Asian,
and 1.5% (3/208) identified as black or “other.” In terms of
socioeconomic status, 37% (77/208) attended school sthat were
considered to be socially or economically disadvantaged based
on nationally established governmental criteria[33].
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M easures

EMA Data

The CopeSmart app contained a self-monitoring component
where users recorded information about their mood states,
problems, and coping efficacy (See Figure 1 for sample
screenshots). The 3 types of sdlf-report EMA data collected
were asfollows:

» Mood states: Participants recorded how happy, angry, sad,
stressed, or worried they felt using a diding scale ranging
from 1 to 10. When usersinitially navigated to this page of
the app, the sliders were by default centered in the middle
of the scale and it was up to the users to slide them up or
down to select the value of their mood rating.

Kenny et a

- Experience of problems: Participants recorded their
experience of problems in the last 24 hours (response
options: “1I’ve had no problems,” “I’ve had some problems;”
“I"'ve had alot of problems”).

»  Coping efficacy: Participants reported how well they felt
they coped with these problems (response options: “1 coped
very well,” “1 coped somewhat well,” “1 coped somewhat

poorly,” “1 coped very poorly”).

Data relating to user's engagement with the app (ie, how
frequently they logged onto the app) were also captured. All
EMA datawere uploaded to a back-end server when the device
came into contact with awireless Internet connection.

Figure 1. Sample screenshots from the ecological monetary assessment (EMA) component of the CopeSmart app.

Rate My Mood

No

Happy? -

Angry? -

Sad? -

Stressed? ()

Worried? -

Standardized Psychometric Scales

TheDepression, Anxiety, and Stress Scale (DASS-21)—Short
Version

The DASS-21[34] isa2l item self-report measure that assesses
overall levels of psychological distress. It comprises 3 subscales
representing 3 negative emotional states. depression, anxiety,
and stress. Responses are made on a4-point Likert scale based
on the participants’ experiences of the past week, ranging from
“Did Not Apply To Me At All” to “Applied To Me Most Of
The Time.” Higher scoresindicate higher levelsof distress. The
DASS-21 has shown convergent vaidity with other measures
of negative affect [35], and it has been found to have a high
level of internal reliability as an overall measure of distress
(alpha=.93-.94) in adolescent samples [36,37] (this study,
alpha=.92).

World Health Organization Well-Being Index (WHO-5)

The WHO-5 [38] is a brief 5-item self-report instrument
developed from the World Health Organi zation-Ten Well-Being
Index [39,40]. It is a unidimensional measure of positive
psychologica well-being containing 5 positively worded items
pertaining to general well-being. Participants rate the degreeto
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Rate My Mood

Have you had any problems in the past
24 hours that caused you stress?

I've had no problems . | coped very well .
I've had some problems . | coped somewhat well .
I've had a lot of problems . | coped somewhat poorly -

Rate My Mood

How do you feel you coped with your
problems in the past 24 hours?

which they have experienced each of these positive feglingsin
the last 2 weeks, on a 6-point scale ranging from “At No Time”
to“All of the Time,” with higher scoresindicating higher levels
of well-being. The scale's 1-factor structure has been confirmed,
and satisfactory concurrent validity has been established with
other mental health measures [41,42]. It has been shown to
consistently display a high level of internal reliability
(alpha=.82-.89) in adolescent samples [41,43] (this study,
alpha=.85).

The Coping Strategies I nventory (CSI)—Short Form

The 32-item short version of the self-report CSI [44] was
designed to assess coping skills in young people on multiple
levels. Partially derived from the Folkman and Lazarus (1980)
Ways of Coping Scale, the measure assesses both positive
“engagement” coping strategies and negative “ disengagement”
coping strategies. Participants were asked to indicate how much
they used these strategies to cope with problems on 5-point
scaleranging from “Never” to “Very Often,” with higher scores
indicating more frequent use of that coping strategy. The CSI
has shown satisfactory internal consistency (alpha=.69-.94)
[44,45] and good test-retest reliability (r=.67-.83) in young
adults [44] and concurrent validity with other measures of
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coping [46]
a phadisengagemmt:-86) .

Well-Being I ndicator Items

When participantsinitially downloaded the app, they were asked
5 single-item “well-being indicator” questions pertaining to
known protective factors for mental health outcomes in young
people. Thesewereinformal help-seeking, formal hel p-seeking,
physical activity, sleep, and sense of connectedness.

I nformal Help-Seeking

Informal help-seeking was assessed by asking participants
“When you have problems do you usualy talk about then with
anyone?’ to which they could respond either “yes’ or “no.”
Talking about problems has been linked to more positive mental
health outcomes in young people [47-49], and this particular
item has previoudly been shown to a key indicator of mental
health statusin a sample of Irish adolescents [25].

Formal Help-Seeking

Formal help-seeking is associated with lower levels of distress
inyoung people[50,51], and in this study, it was assessed using
an item adapted from Saunders et a [52] that has previously
been used in an Irish adol escent samples[25]. Thisitem isbased
on the idea of formal help-seeking as a 3-stage process that
involves identifying oneself as having a serious problem,
recognizing that professional help is required, and actively
seeking help [51]. Participants were asked “Have you had any
serious problems in the last month?’ Response options were
“I’'ve had few or no problems,” “I’ve had some problems, but
| did not feel | needed professional help,” “I've had some
problemsbut | did not seek professional help although | thought
| needed it,” and “I’ve had some problems and | did seek
professional help.”

(this study, a phaggagement=-89,

Physical Activity

Besides promoting physical well-being, engagement in physical
activity has been continuously linked with more positive mental
health outcomes among adol escents [53-55]. The World Health
Organization's [56] Global Recommendations on Physical
Activity for Health advise that, for optimum physical and mental
health, children and adolescents should engage in at least sixty
minutes of moderate-to-vigorous physical activity daily.
Engagement in physical activity in this study was assessed using
a single-item measure, devised and validated in an adolescent
population [57]. Participants were given the statement “ Physical
activity is any activity that increases your heart rate and makes
you a little out of breath e.g. running, fast walking, cycling,
dancing etc.” and asked “On a usua week, how many days are
you physically activefor atotal of at least 60 minutes per day?’

Sleep

A recent systematic review by Shochat et al [58] identified
insufficient sleep as having a strong bidirectional relationship
with depression during adolescence, as well as being linked to
anxiety, poor psychosocial function, and poor perceived mental
health. The National Sleep Foundation [59] ascertains that
adolescents need between 8 and 10 hours of sleep each night
for optimal functioning. Thus, in this study, participants were
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asked “During the past month, how many hours of sleep did
you get on average per night?’

Sense of Connectedness

Finally, feeling a sense of connectedness and belonging to the
people around oneself is considered to be a fundamental
psychological need [60] and is associated with lower levels of
depressive symptoms [61,62] and higher levels of well-being
among young people [60]. In this study, it was measured by
asking participants “Please indicate how much the following
statement applies to you: | feel a sense of connectedness and
belonging to people around me.” Responses were made on a
4-point scale ranging from “None of the time” to “All of the
time.”

Procedure

Ethical approva for this study was granted by the Human
Research Ethics Committee—Humanities in the authors
university (reference number: HS-13-45-Kenny-Dooley). Data
collection took place between October 2014 and May 2015.
Presented here is an overview of the procedure relevant to this
study; a more detailed description of the full sampling,
recruitment, and randomization procedure for the trial will be
presented in a separate paper.

Initially, principals and guidance counselors of second-level
schools in the Republic of Ireland were contacted. The nature
of the study and what would be involved if the school decided
to participate was described to them. In schools that agreed to
take part, potential participantswere provided with information
sheets and consent forms for themselves and their parents or
guardians. Participation was voluntary, and monetary incentives
to take part were not offered. Students who returned signed
parental consent forms were eligible to take part and were
required to sign assent forms prior to participation.

Schools were randomly assigned to either the intervention or
control condition. Students in schools assigned to the
intervention condition completed pen-and-paper questionnaires.
These contained items pertaining to demographic information
and the standardized psychometric measures detailed earlier.
They were then given instructions for how to download and use
the CopeSmart app and asked to try to engage with it once a
day over the course of the following 4 weeks. Students in
schools assigned to the control condition completed the same
guestionnaires but received no intervention, and are not included
in the analyses for this study.

In order to link their questionnaire responseswith their app data
over time, students were required to generate a personalized
9-digit Anonymous I dentification Code, designed to make sure
that their information would remain anonymous to the
researchers. They recorded this on their pen-and-paper
guestionnaire and input it to the app upon initial download.

By default the app was set to prompt participants to complete
EMA mood ratings at 8 p.m. each evening. Userswere provided
with the option to subsequently change the time at which they
received these notificationsif they wished. Userswerealso free
to accessthe other components of the app (such asviewing their
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mood rating history) at their leisure, even if they had not
completed an EMA rating that day.

Analyses

Responses from pen-and-paper questionnaires were input to
SPSS version 20.0.0 (IBM). Mobile phone app data (ie,
participants EMA ratings and details of their engagement levels
with the app) were downloaded to Microsoft Excel and then
transferred into SPSS. All analyseswererun using SPSS. Basic
descriptive and inferential statistics were run to explore
participants engagement with the app and whether engagement
levels differed across demographic variables. Pearson
correlations were conducted to test the relationship between
EMA ratings and standardized measures of mental health and
coping efficacy. Various inferential analyses were used to
examine whether mental health indicator variables were linked
to mental health outcomes. Where multiple comparisons were
conducted simultaneously, the rough false discovery rate
correction was used to control for increased chance of Type 1
error occurring [63] using theformula[(n+1)/2n] x (.05), where
nisthe number of tests. In cases where post-hoc analyses were
required for significant one-way analysisof variance (ANOVA),
Scheffe post-hoc analyses were carried out if homogeneity of
variance (HOV) was observed, and Dunnet C analyses were
carried out if HOV was not observed. Correlations and
regressions were used to explore relationships between
problems, coping efficacy, and mood as measured by EMA.

Results

To What Extent Do Participants Engage With the
EMA Component of the App?

Of the 208 participants who downl oaded the app, no EMA data
were recorded for 28% (58/208) of participants, asingle EMA
entry was recorded for 10% of participants (21/208), and
repeated EMA data were present for 62% (129/208) of
participants. In caseswhere participants completed EMA ratings
more than once during the course of a given day, their mood
ratings were averaged to provide a single score for each mood
state for that particular 24-hour period. In caseswhere they had
multiple responses to the problems and coping EMA items
within 1 day, their last entry for that day was taken as the best
representation of whether they had experienced problemsinthe
last 24 hours and how well they felt that they had coped with
them.

The number of days on which participants completed ratings
ranged from O to 24, and engagement levelsdid not differ across
gender, age, school socioeconomic status, ethnicity, or
nationality. On average, among the 208 participants, users only
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completed ratings on 5 days (SD 5.44) within the 28-day
intervention period, corresponding to an average engagement
rate of 18% (calculated as 5 days, expressed as a percentage of
28 days). Looking to general app usage data indicated no
substantial difference between the number of days on which
participants accessed the app (mean 5, SD 5.52) and the number
of days on which they completed EMA ratings, suggesting that
participantslikely completed EMA ratings every timethey used
the app. The number of participantswho completed EMA ratings
each day continually declined over the course of the 28 days;
Multimedia Appendix 1 presents a chart depicting the number
of participants who completed EMA ratings on each day of the
intervention period. In terms of daily mood ratings, happiness
was consistently the highest rated mood state (overall mean
6.56), and anger was consistently the lowest rated (overall mean
2.11). Generally sadness (overall mean 2.63) was rated lower
than both worry (overall mean 3.45) and stress (overall mean
3.57), whereas worry and stress often overlapped with each
other in terms of how highly they were rated throughout the
intervention period. Multimedia Appendix 2 presents a chart
depicting average EMA mood rating scores on each day of the
intervention period.

Are EMA Responses Correlated With Standar dized
M easures of Mental Health and Coping?

EMA ratings of participants' daily problemsratingswere coded
1 (“I've had no problems”), 2 (“I've had some problems”), or
3 (“I've had a lot of problems’). These daily ratings were
summed to give an overall score, which was divided by the
number of daily ratings the participant completed, in order to
obtain an average daily problem score for each individual.
Higher scores indicated greater daily experience of problems.

Similarly, participants EMA ratings of how well they felt they
had coped with problemswere coded 1 (“| coped very poorly”),
2 (“I coped somewhat poorly”), 3 (“I coped somewhat well”),
or 4 (1 coped very well”). These ratings were summed to give
an overal score and then divided by the number of days on
which the participant completed a daily rating in order to give
an average daily coping self-efficacy score for each individual.
Higher scores indicated more effective coping.

For each of the 5 moods (happy, sad, angry, stressed, and
worried), an average EMA mood score for each participant was
computed by summing all of their ratings for that mood and
dividing it by the number of days on which they completed
ratings (descriptive statistics for these are presented in Table
1). Asskewness and kurtosis valuesfor al variablesfell within
an acceptable range [64], they were considered to approximate
normality and parametric statisticswere used in further analyses.
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Table 1. Descriptive statistics for average ecological momentary assessment (EMA) variables.

Variable Overall mean (SD) Skewness Kurtosis
Average problems 1.65 (0.45) 0.30 -0.26
Average coping efficacy 3.17 (0.63) -0.79 0.94
Average sadness 274 (2.17) 0.81 0.63
Average happiness 6.36 (1.84) -0.22 0.48
Average anger 2.40 (1.99) 115 1.86
Average stress 3.89 (2.46) 0.20 -0.72
Average worry 3.39(2.31) 0.38 -0.44

Participants average daily experience of problems was
positively correlated with negative coping strategies (as
measured by the CSI; r=.31, P<.001), but was not correlated
with positive coping strategies, as measured by the CSI.
Participants' perceived coping efficacy in relation to these
problems was positively associated with positive coping
strategies (r=.29, P<.001) and negatively associated with
negative coping strategies (r=-.27, P<.001).

Average daily happiness was negatively correlated with
emotional distress, as measured by the DASS-21 (r=—45,
P<.001), and positively correlated with well-being, as measured
by the WHO-5 (r=.39, P<.001). Average daily negative
emotions (sadness, anger, stress, and worry) were all
significantly positively associated with distress (rggness=-51,
P<.001; rage=-32, P<.001; rgre=-41, P<.00L; rygr=.48,
P<.001) and negatively correlated with well-being (I egnes=—43,
P<.001; Igyge=—27, P=.001; I'gre=—35, P<.001; Iyerry=—33,
P<.001).

AreBrief Single-ltem M easures of Key Protective
Factors Related to Daily Mood States?

Informal Help-Seeking

About 55% (114/208) of participants reported that when they
had problems they usually talked about them with someone.
The remaining 45% (94/208) reported that they did not talk
about their problems. A series of t tests reveal ed that those who
reported that they talked about their problems displayed
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significantly lower levels of average daily anger t;qq ,7=—2.26,
P=.03 (mean;,=2.07, SD 1.97 vs mean onotax =2-83, SD 2.35)
and significantly higher average daily happinesst; ,4=2.48, P=.01
(mean,4=6.69, SD 1.60 VS mean oneax=5-95, SD 2.04). There

were no differences between the 2 groups in terms of daily
sadness, stress, or worry.

Formal Help-Seeking

Overall, 49% of participants (101/208) had few or no problems,
36% (76/208) had some problems but did not feel they needed
professional help, 10% (20/208) had some problems, felt they
needed professional help, but did not seek it, and 5% (11/208)
had problems and did seek professional help. Table 2 presents
theresults of One-way ANOVA s assessing whether participants
who categorized themselvesinto different formal help-seeking
categories differed in terms of daily mood states, as assessed
by EMA.

Findings revealed that those who categorized themselves as
having no problems reported less negative daily mood states
than those who categorized themselves as having problems.
Additionally, those who categorized themselves as having
problems, but who did not feel they needed to seek help reported
significantly lower daily sadness than those who categorized
themselves as having problems and needing help. Among those
who categorized themselves as needing help, no differences
were evident between those who had sought and those who had
not sought professional help.
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Table 2. One-way analysis of variances (ANOVAS) examining differences between formal help-seeking groups in terms of average daily mood states.

Average EMA2 Few ornoprob-  Some problems, did = Someproblems, needed = Some problems, sought ~ F pb Post-hoc
rating ems, not need help, help, did not seek it, professional help, (Scheffe)
mean (SD) mean (SD) mean (SD) mean (SD)
Happy 7.12 (1.64) 5.67 (1.64) 4.97 (1.87) 6.31 (1.59) 1206 <001 1>23
Sad 1.78 (1.83) 3.36 (1.89) 5.03 (2.08) 3.29 (1.97) 16.98¢ <001  1<2,3;2<3
Angry 1.85 (1.86) 2.94 (1.87) 2.94 (2.41) 3.18(1.93) 4050 007 1<2
Stressed 2.81(2.34) 461 (2.17) 5.98 (1.76) 5.13 (157) 140 <001 1<234
Worried 2.35(2.18) 4.13(2.02) 5.07 (1.48) 5.03 (2.05) 14150 <001  1<234
3EMA.: ecological monetary assessment.
bAlphaset at .028 in line with rough fal se discovery rate.
CSignificant at the P<.001 level.
dsignificant at the P<.028 level.
Figure 2. Days physicaly activein atypical week as reported by participants.
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Physical Activity

Figure 2 illustrates the typical weekly activity levels reported
by participants. Pearson correlations revealed no relationships
between the average number of days on which participantswere
physically active and average EMA mood ratings.

Sleep
Figure 3 illustrates participants average hours sleep per night
over the course of the previous month (data were missing for 2
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participants). Overall participants reported an average of 7.09
hours sleep (SD 1.60) per night. Independent t-tests (detailed
in Table 3) were conducted examining differences between
those who reported getting sufficient sleep (84/206) and those
who did not (122/206). Sufficient sleep was defined as>8 hours
in line with the National Sleep Foundation guidelines [59].
Findings revealed that adolescents who did not get sufficient
sleep reported higher average daily sadness, anger, and worry
and lower daily happiness.
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Figure 3. Participants’ average hours sleep per night.
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theresults of independent t tests examining differences between
Sense of Connectedness those who felt a sense of connectedness alot or al of the time
Exactly half of participants (104/208) reported that they felt a  and those who felt this some or none of the time. Those who
sense of connectedness and belonging to those around them a  felt connectedness a lot or all of the time reported significant
lot or al of thetime. The other half of participantsreportedthat  higher daily happiness and significantly lower daily sadness,
they felt this only some or none of the time. Table 3 presents  anger, stress, and worry.

Table 3. t tests examining differencesin average daily mood ratings across sleep groups and sense of connectedness groups.

Variable Mean (SD) Mean (SD) t pa
Sleep Insufficient sleep Sufficient sleep (=8 hours)
(<8 hours)
Happy 5.91 (1.77) 6.92 (1.79) _3.43° .001
Sad 3.22(2.15) 2.16 (2.06) 3.06° .003
Angry 2.73(2.07) 1.99 (1.83) 2 9gb .02
Stressed 419 (2.22) 3,51 (2.70) 1.65 10
Worried 3.78 (2.31) 2.90 (2.24) 2.36° 02
Sense of connectedness Some or none of thetime A lot or all of thetime
Happy 5.96 (1.83) 6.82 (1.75) _ogob .004
Sad 3.39(2.27) 2.00 (1.79) 213° <.001
Angry 3.03(2.17) 1.69 (1.49) 4.46° <.001
Stressed 4.48 (2.35) 3.21(2.43) 3.040 001
Worried 4.13 (2.45) 2,54 (1.82) 457° <.001

8A|pha set at .028 in line with rough false discovery rate.
bSignificant at the P<.028 level.
CSignificant at the P<.001 level.
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What |sthe Relationship Between Daily Problems,
Coping, and Mood in Young People, as Measured by
EMA Data?

As illustrated in Table 4, average happiness scores were
negatively correlated with average sadness, anger, stress, and
worry scores, and all negative mood scores were positively

Kenny et a

correlated with each other. Experience of daily problems was
negatively correlated with happiness and significantly positively
correlated with negative emotions of sadness, anger, stress, and
worry. In contrast, higher coping efficacy was positively
correlated with happiness and negatively correlated with
sadness, anger, stress, and worry.

Table 4. Correlations between average mood, problems, and coping efficacy.

Variable® 1 2 3 4 5 6
1. Happy

2.Sad —-.56

3. Angry —-45 .68

4. Stressed 42 .63 A48

5. Worried 40 .70 .52 .81

6. Problems 45 45 44 .60 .59

7. Coping .56 .56 48 .56 .55 .70

8A|pha set at .026 in line with the rough false discovery rate. All correlations were significant at the P<.001 level.

To further explore these associations, a series of hierarchical
linear regression were run (presented in Table 5), examining
whether daily problems and coping efficacy predicted each of
the 5 average mood states. Experience of problemswas entered
at Step 1, and coping efficacy was added at Step 2. Daily
problems significantly predicted all mood states at Step 1, and
for al analyses, the percentage variance explained increased
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from Step 1 to Step 2. At Step 2, daily problems became an
insignificant predictor of happiness, sadness, and anger when
coping efficacy was added to the model. In contrast, daily
problems remained a significant predictor of stress and worry
when coping efficacy was added. Coping efficacy significantly
predicted all 5 mood states at Step 2.
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Table5. Hierarchical regressions predicting average mood.
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Outcome Adjusted r? Predictor Unstandardized coeffi- Standard error 3 pa
cient, B
Happy
Step 1 19 Problems -1.84 0.30 —45P <.001
Step 2 31 Problems -0.43 0.40 -10 .28
Coping efficacy  1.41 0.28 40P <.001
Sad
Step 1 20 Problems 2.20 0.36 a5b <.001
Step 2 31 Problems 0.56 0.47 A7 .23
Coping efficacy  —1.63 0.33 —48° <.001
Angry
Step 1 19 Problems 1.96 0.33 430 <.001
Step 2 24 Problems 0.86 0.45 A9 .06
Coping efficacy —1.09 0.32 _35° .001
Stressed
Step 1 .36 Problems 3.32 0.36 60° <.001
Step 2 39 Problems 2.30 0.50 o <.001
Coping efficacy —1.03 0.35 _27° .004
Worried
Step 1 .35 Problems 3.08 0.34 5g° <.001
Step 2 38 Problems 214 0.47 a1P <.001
Coping efficacy —0.94 0.33 —_26° .005

3A|pha set at .028 in line with rough false discovery rate.
bSignificant at the P<.001 level.
CSignificant at the P<.028 level.

Discussion

Principal Findings

The aim of this study was to explore the use of a mobile phone
app asameans of collecting EMA data pertaining to adol escent
mood, problems, and coping in aschool-based sample of young
people. The researchers were interested in answering 4 broad
guestions, each of which is discussed below.

To What Extent Do Participants Engage With the
EMA Component of the App?

Engagement with the EMA component of the app was low
compared with previous studies. For example, Kauer et al’s
study reported that participants compl eted ratings on an average
of 18 days during the 4-week intervention period [24], which
was markedly higher compared with this study where
participants completed ratings on an average of 5 days within
the 28-day intervention period. However, in Kauer's study,
participants were given individualized summary reports of their
data by their general practitioner at the end of the intervention
period. This might have served as a motivational factor for
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adolescents to engage, either because they were interested in
reviewing their data over time with a health professional or
because they knew their general practitioner would be able to
see their level of engagement and wanted to appear compliant.
Similarly, Garciaet a reported an average response rate of 54%
for EMA sampling using asimilar methodology [23], compared
with the average response rate of 18% obtained in this study,
However, it is noteworthy that an incentive to engage was
provided in Garcias study, whereby a higher level of
engagement increased the number of entries they were given
into a prize draw to win an iPod touch.

While participantswere awarein this study that their EMA data
would be recorded and accessible to the researchers, it was not
emphasized that the main focus of the app was to collect
information; the app was primarily presented to young people
as an intervention as opposed to a data collection toal. It is
possible that in studies where young people are aware of the
importance of their data input toward achieving the research
objective, engagement levels may be higher. For example, in
Kauer et al’s study [24], participants were aware that their data
were being collected, and that they would be ableto review this
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with their general practitioner and receive a summary report on
their data at the end of the study, which might have acted as an
incentive for engagement. Thus, further research is necessary
to establish response rate norms for adolescent populations
using mobile phone EMA methodologies.

Are EMA Responses Correlated With Standar dized
M easures of Mental Health and Coping?

Higher daily experience of problems was linked to more
negative coping (as measured using a standardized instrument),
suggesting that those who experience more problemsor stressful
events are more likely to engage in dysfunctional, avoidant
coping strategies, in line with previous research [65-67].
However, agreater perceived ability to deal with daily problems
was associated with higher levels of positive coping and lower
levels of negative coping (as measured using a standardized
instrument). Thisindicated that those who perceived themselves
as dealing better with the problems they faced on adaily basis
were using more positive coping strategies and less negative
coping strategies, suggesting that this was a valid measure of
coping self-efficacy. Similarly, as EMA mood ratings were
correlated with standardized measures of distressand well-being,
it suggested they had validity asindicators of adol escent mental
health status.

AreBrief Single-ltem Measures of Key Protective
Factors Related to Daily M ood States?

Findings indicated that the protective factors informal
help-seeking, formal help-seeking, sleep, and sense of
connectedness were associated with average daily mood states.

In terms of informal hel p-seeking, those who reported that they
did not talk about their problems had more negative daily mood,
which is consistent with previous research linking informal
hel p-seeking and mental health [25,47-49]. Discussing problems
may be considered a support-seeking coping strategy, which is
likely to improve outcomes for young people by (1) providing
them with instrumental help in addressing the source of their
problems or in positively adapting to the situation, or (2)
providing them with advice and support in taking steps toward
achieving these goalsthemselves. To help promote talking about
problems among adolescents, steps should be taken to ensure
that school guidance counsellors have ahigh level of availability
and that students know how to approach them confidentialy in
relation to problems they may be experiencing.

In terms of formal help-seeking, young people who identified
themselves as having no problems unsurprisingly reported the
least negative daily mood states. Interestingly, among those
who reported that they had some problems, those who felt that
they did not need help reported lower daily sadness than those
who felt that they did need help, suggesting that young people
have agood awareness of whether or not they need to seek help.
Thisisin line with Rickwood et a’s [50] conceptualization of
help-seeking as a process, which begins with the recognition
that a problem exists for which help is required. Among those
who reported a need to seek help, no significant difference
emerged between those who had sought help and those who
had not. Nonethel ess, there was atrend toward lower stressand
sadness and greater happiness among those who had sought
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help, indicating that seeking help islikely to beinstigating some
beneficial effects. However, there may be many uncontrolled
factors at play, for example, severity of distress [68] or type of
professional help obtained, that are known to affect outcomes
of seeking professional help [69] which may explain why we
do not see a statistically significant difference between those
who have sought help and those who have not. These were
beyond the scope of the analyses in this study but should be
taken into account in future research.

Getting sufficient sleep was linked with more positive daily
mood states, in line with literature in this area [58]. This
indicates an important link between controllable health behavior
and mood, and efforts should be made to promote sufficient
sleep in young people. For example, parents can encourage
appropriate bed times for adolescents on week-nights. At a
policy level, education around sleep hygiene should be
implemented into the SPHE (Social, Personal, and Health
Education) curriculum for adolescents. Furthermore,
consideration should be given to implementing later school start
times in post-primary schools, which has been shown to be
linked to a multitude of academic and well-being benefits for
young people [70,71] by allowing them to get more Sleep.
Surprisingly, no correlation emerged between physical activity
and daily mood states; however, the reason for thisis unclear.
Thereis evidence to suggest that adol escents may significantly
overestimatetheir level of physical activity in research contexts
[72], thusincluding some objective measure of physical activity
(eg, mobile phone accel erometer data) would be useful in future
research.

Finally, feeling a sense of connectedness and belonging was
linked to more positive mental health outcomes for young
people, inlinewith previous research [60-62]. Evidence suggests
that this link between sense of belonging and mental health
outcomes is likely to be bidirectional [60]. For example,
rejection or exclusion from one’s social network means that
one's fundamental human need for connectedness is not met
and is linked to increased symptoms of distress in adolescents
[36,73]. However, young people who have mental health
difficulties may experience cognitive distortions, which can
cause them to view their interpersonal relationshipsin a more
negative light [74,75], resulting in a diminished sense of
belonging. Although sense of belonging is not as directly
controllable as sleep and exercise, it can till be promoted in
school, incorporating featuresthat have been linked to increased
sense of belonging among students, including appropriate
policies and structures to prevent bullying, peer support
programs, and extracurricular activities [76].

Overdll, findings suggest that 4 of these brief items have good
utility asindicators of the mental health status of an adol escent.
This provides promise for the use of these items as a brief
screening tool for young people. This may be useful as part of
assessments in contexts where adolescents may not want to
complete long measures of mental health outcomes, but where
it would be useful for the clinician to have an overview of their
mental health status, such as during general practitioner visits.
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What Isthe Relationship Between Daily Problems,
Coping, and Mood in Young People, as Measured by
EMA Data?

Higher daily problems predicted lower happiness and higher
negative affect, indicating that the more daily problemsayoung
person experienced, the poorer their average daily mood was.
This was consistent with previous research indicating that
experience of negative daily events was associated with
increased negative and decreased positive affect in adolescents
[28,29]. In contrast, perceived coping efficacy was linked to
greater happiness and lower negative affect, indicating that those
who felt they had coped better with their problems experienced
amore positive average daily mood.

However, coping efficacy did not moderate the relationship
between problems and stress or worry. This suggested that even
if young people were coping well, higher instances of daily
problems were still associated with increased stress and worry.
In contrast, coping efficacy did moderate the relationship
between problems and happiness, sadness and anger, whereby
when coping efficacy was taken into account, the relationship
between problems and these mood states became negligible.
Again, this was consistent with previous research indicating
that coping effectively with problemswas associated with more
positive mood outcomes [30-32]. Thisis an important finding,
as although we cannot prevent young people from experiencing
problems in their lives, promoting the use of effective coping
strategies among young people may help to offset the sadness
and anger associated with the experience of such problems.

Strengthsand Limitations

To the authors' knowledge this was the first study to explore
the use of amobile phone app asamethod of EMA inasample
of Irish adolescents. A key strength of this study was the use of
an electronic method of implementing EMA. Thishelped avoid
problems associated with pen-and-paper EMA methods, such
as falsifying the times at which EMA ratings were completed
[10]; thus, increasing the ecological validity of the data captured.

In terms of limitations, the low level of app engagement was a
significant issue. Interestingly, the level of engagement did not
differ across key demographic variables, suggesting that the
EMA analyses were unlikely to be biased in this regard.
However, the low engagement levels observed pose a concern
for future studies aiming to test hypotheses using adolescent
EMA data collected via mobile phones. For example, unless a
large number of participants are recruited, nonengagement and
attrition over the course of the data collection period may result
in an underpowered study. Furthermore, low levels of
engagement over the course of study will result in high volumes
of missing data, which pose a range of challenges to the data
analyses[77,78]. Thus, despiteits benefit in terms of ecological
validity [1], caution must be exerted when considering the use
of EMA with adolescents. I n particular, advance considerations
should be given to possible means of maximizing engagement
such as personalized feedback from the app based on
participants EMA responses[79] or, likein Kauer et a’s study,
the provision of asummary report for participants at the end of
the data collection period [24].
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Future research should also give consideration to alternative
methods of mobile phone EMA data collection. For example,
advances in technology allow mobile phones to capture sensor
data, such asBentley et al’sHealth Mashups app [80]. Thisapp
captured sensor data from users’ phones including their daily
step count, sleep patterns, and GPS location in order to infer
their patterns of health behaviors. It would be useful for future
research to examine the validity and reliability of this type of
sensor data, which does not require a high level of active
engagement from participantsin comparison to EMA self-report
data

Another potential issuein this study wasthat in the mood-rating
section of the app, the dliding scale values were by default
centered in the middle of the scale (at avalue of 5). This meant
it was possible that some users might have passively selected
“Next” without moving the sliders to change the value, simply
to complete the process of submitting an EMA rating rather
than actively and accurately rating their mood. While it is
unlikely that users navigated to this page unless they had the
intention of completing a genuine mood rating, this still should
be acknowledged as a potential design limitation of the app in
this study.

It is also possible that the awareness that researchers were
monitoring their app data might have resulted in participants
using their phones differently to how they would if they were
not being monitored, leading to response biases, such associaly
desirable responding [81]. However, the researchers made an
effort to emphasize the anonymous and confidential nature of
the data to help avoid this.

Finally, it should be acknowledged that thiswas an exploratory
study that employed simplistic analyses techniques. Thus,
caution should be exerted in interpreting the generalizability of
these findings. Future research is needed using more
sophisticated analytical methodsto explore EMA data captured
over multipletime points, such as multilevel modeling, in order
to robustly establish the validity of these findings in the
population. The use of such techniques will aso provide
opportunities to model young people’s mood trajectories over
time and test how these trajectories may be related to various
demographic and well-being indicator variables.

Conclusions

This study addressed a gap in the literature by exploring the
validity and utility of mental health—related EMA data captured
via mobile phone in a community sample of adolescents.
Findings indicated alow level of engagement, suggesting that
careful consideration must be given to ways of promoting
participant engagement in order to maximize the amount of data
obtained and ensure that the potential of these technologiesis
being sufficiently exploited. Despite the low engagement levels,
analyses suggested that the data obtained were valid, correlating
with standardized measures of coping, distress, and well-being.
Analyses aso revealed that EMA data can provide useful
insights into the link between daily experience of problems,
coping efficacy, and mood states in young people. These
preliminary findings suggest that mobile phones have potential
as valid and useful tools for EMA research in youth mental
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health. However, future researchisrequired to robustly establish  the validity of these findings among young people.

Acknowledgments

This study was conducted as part of a PhD thesis funded by the Irish Research Council (Scholarship ID: GOIPG/2013/450). At
theinitial stages of the research, seed funding for this project was provided by the O2 Think Big funding scheme in conjunction
with Headstrong, the National Centre for Youth Mental Health.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Number of participants who completed ecological momentary assessment (EMA) ratings on each day of the intervention period.

[PDFE File (Adobe PDF File), 46KB - mental_v3i4e51_appl.pdf ]

Multimedia Appendix 2
Average ecological momentary assessment (EMA) mood rating scores on each day of the intervention period.

[PDE File (Adobe PDE File), 47KB - mental_v3i4e51_app2.pdf ]

References
1.  Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [Medline:
18509902]

2. Abbot BD, Uink B, Modecki K, Barber BL. How do you feel ? An Experience Sampling Method Pilot Study for Adolescent
Behaviour, Emotion and Technology Using Smartphones. Pandora.nla. Melbourne; 2015 Jul 15. URL : http://pandora.
nla.gov.au/pan/141862/20160405-1343/www.youngandwell crc.org.au/wp-content/upl 0ads/2015/02/How-Do-You-Fedl.
pdf [accessed 2016-07-15] [WebCite Cache ID 6j1GFm8j]

3. Wenze SJ, Miller IW. Use of ecological momentary assessment in mood disorders research. Clin Psychol Rev 2010
Aug;30(6):794-804. [doi: 10.1016/j.cpr.2010.06.007] [Medline: 20619520]

4.  Ebner-Priemer UW, Trull TJ. Ecological momentary assessment of mood disorders and mood dysregulation. Psychol Assess
2009 Dec;21(4):463-475. [doi: 10.1037/a0017075] [Medline: 19947781]

5. Tversky A, Kahneman D. Judgment under uncertainty: heuristics and biases. Science 1974 Sep 27;185(4157):1124-1131.
[doi: 10.1126/science.185.4157.1124] [Medline: 17835457]

6. Koriat A, Goldsmith M, Pansky A. Toward a psychology of memory accuracy. Annu Rev Psychol 2000;51:481-537. [doi:
10.1146/annurev.psych.51.1.481] [Medline: 10751979]

7. Gorey T, Atkin AJ, Biddle SJ, Marshall SJ. Family circumstance, sedentary behaviour and physical activity in adolescents
living in England: Project STIL. Int J Behav Nutr Phys Act 2009;6:33 [FREE Full text] [doi: 10.1186/1479-5868-6-33]
[Medline: 19519913]

8.  Shrier LA, Shih MC, Beardslee WR. Affect and sexual behavior in adolescents: areview of the literature and comparison
of momentary sampling with diary and retrospective self-report methods of measurement. Pediatrics 2005
May;115(5):e573-e581 [FREE Full text] [doi: 10.1542/peds.2004-2073] [Medline: 15867022]

9. Cskszentmihalyi M, Hunter J. Happiness in everyday life: the uses of experience sampling. J Happiness Stud
2003;4(2):185-199. [doi: 10.1023/A:1024409732742]

10. Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient compliance with paper and electronic diaries.
Control Clin Trials 2003 Apr;24(2):182-199. [Medline: 12689739]

11. Pew Research Center. US Smartphone Use in 2015. 2015. URL : http://www.pewinternet.org/2015/04/01/
us-smartphone-use-in-2015/ [accessed 2016-07-15] [WebCite Cache ID 6j1HkqgpUt]

12.  Anderson M. Technology Device Ownership. Pew Research Center. 2015. URL : http://www.pewinternet.org/2015/10/29/
technol ogy-device-ownership-2015/ [accessed 2016-07-15] [WebCite Cache ID 6j1HZTZx3]

13. Lenhart A. Teens, Social Media and Technology Overview 2015. Pew Research Center. 2015. URL: http://www.
pewinternet.org/files/2015/04/Pl_TeensandTech Update2015_0409151.pdf [accessed 2016-07-15] [WebCite Cache ID
6ZLsV5Ch

14. Harrison V, Proudfoot J, Wee PP, Parker G, Pavlovic DH, Manicavasagar V. Mobile mental health: review of the emerging
field and proof of concept study. JMent Health 2011 Dec;20(6):509-524. [doi: 10.3109/09638237.2011.608746] [Medline:
21988230]

http://mental .jmir.org/2016/4/e51/ JMIR Ment Health 2016 | vol. 3 | iss. 4 [e51 | p.22
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=mental_v3i4e51_app1.pdf&filename=8dba42692ac18a9971dd021e06b54cbf.pdf
https://jmir.org/api/download?alt_name=mental_v3i4e51_app1.pdf&filename=8dba42692ac18a9971dd021e06b54cbf.pdf
https://jmir.org/api/download?alt_name=mental_v3i4e51_app2.pdf&filename=0491c82c6c50b7ad7424c32301b02e2a.pdf
https://jmir.org/api/download?alt_name=mental_v3i4e51_app2.pdf&filename=0491c82c6c50b7ad7424c32301b02e2a.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
http://pandora.nla.gov.au/pan/141862/20160405-1343/www.youngandwellcrc.org.au/wp-content/uploads/2015/02/How-Do-You-Feel.pdf
http://pandora.nla.gov.au/pan/141862/20160405-1343/www.youngandwellcrc.org.au/wp-content/uploads/2015/02/How-Do-You-Feel.pdf
http://pandora.nla.gov.au/pan/141862/20160405-1343/www.youngandwellcrc.org.au/wp-content/uploads/2015/02/How-Do-You-Feel.pdf
http://www.webcitation.org/6j1GFjm8j
http://dx.doi.org/10.1016/j.cpr.2010.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20619520&dopt=Abstract
http://dx.doi.org/10.1037/a0017075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19947781&dopt=Abstract
http://dx.doi.org/10.1126/science.185.4157.1124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17835457&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.51.1.481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10751979&dopt=Abstract
http://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-6-33
http://dx.doi.org/10.1186/1479-5868-6-33
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19519913&dopt=Abstract
http://europepmc.org/abstract/MED/15867022
http://dx.doi.org/10.1542/peds.2004-2073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867022&dopt=Abstract
http://dx.doi.org/10.1023/A:1024409732742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12689739&dopt=Abstract
http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-2015/
http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-2015/
http://www.webcitation.org/6j1HkqpUt
http://www.pewinternet.org/2015/10/29/technology-device-ownership-2015/
http://www.pewinternet.org/2015/10/29/technology-device-ownership-2015/
http://www.webcitation.org/6j1HzTZx3
http://www.pewinternet.org/files/2015/04/PI_TeensandTech_Update2015_0409151.pdf
http://www.pewinternet.org/files/2015/04/PI_TeensandTech_Update2015_0409151.pdf
http://www.webcitation.org/6ZLsV5CbE
http://www.webcitation.org/6ZLsV5CbE
http://dx.doi.org/10.3109/09638237.2011.608746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21988230&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Kenny et &

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Torous J, Kiang MV, Lorme J, Onnela JP. New tools for new research in psychiatry: a scalable and customizable platform
to empower datadriven smartphoneresearch. IMIR Ment Health 2016;3(2):e16 [FREE Full text] [doi: 10.2196/mental .5165]
[Medline: 27150677]

Luxton DD, McCann RA, Bush NE, Mishkind MC, Reger GM. mHealth for mental health: integrating smartphone technology
in behavioral healthcare. Prof Psychol Res Pr 2011;42(6):505-512. [doi: 10.1037/a0024485]

Mulvaney SA, Ho Y X, CalaCM, Chen Q, Nian H, Patterson BL, et al. Assessing adolescent asthma symptoms and adherence
using mobile phones. JMed Internet Res 2013;15(7):e141 [FREE Full text] [doi: 10.2196/jmir.2413] [Medline: 23864345]
Piasecki TM, Trela CJ, Hedeker D, Mermelstein RJ. Smoking antecedents: separating between- and within-person effects
of tobacco dependence in a multiwave ecological momentary assessment investigation of adolescent smoking. Nicotine
Tob Res 2014 May;16(Suppl 2):S119-S126 [FREE Full text] [doi: 10.1093/ntr/ntt132] [Medline: 23990475]

Grenard JL, Stacy AW, Shiffman S, Baraldi AN, MacKinnon DP, Lockhart G, et al. Sweetened drink and snacking cues
in adolescents: a study using ecological momentary assessment. Appetite 2013 Aug;67:61-73 [FREE Full text] [doi:
10.1016/j.appet.2013.03.016] [Medline: 23583312]

Silk JS, Forbes EE, Whalen DJ, Jakubcak JL, Thompson WK, Ryan ND, et al. Daily emotional dynamicsin depressed
youth: a cell phone ecological momentary assessment study. J Exp Child Psychol 2011 Oct;110(2):241-257 [FREE Full
text] [doi: 10.1016/j.jecp.2010.10.007] [Medline: 21112595]

Tan PZ, Forbes EE, Dahl RE, Ryan ND, Siegle GJ, Ladouceur CD, et al. Emotional reactivity and regulation in anxious
and nonanxious youth: a cell-phone ecological momentary assessment study. J Child Psychol Psychiatry 2012
Feb;53(2):197-206 [FREE Full text] [doi: 10.1111/].1469-7610.2011.02469.x] [Medline: 22176136]

Forbes EE, Stepp SD, Dahl RE, Ryan ND, Whalen D, Axelson DA, et al. Real-world affect and social context as predictors
of treatment response in child and adolescent depression and anxiety: an ecological momentary assessment study. J Child
Adolesc Psychopharmacol 2012 Feb;22(1):37-47 [FREE Full text] [doi: 10.1089/cap.2011.0085] [Medline: 22339611]
GarciaC, Hardeman RR, Kwon G, Lando-King E, Zhang L, GenisT, et al. Teenagers and texting: use of ayouth ecological
momentary assessment system in trajectory health research with latina adolescents. IMIR mHealth uHealth 2014;2(1):e3
[FREE Full text] [doi: 10.2196/mhealth.2576] [Medline: 25098355]

Kauer SD, Reid SC, Crooke AH, Khor A, Hearps SJ, Jorm AF, et al. Self-monitoring using mobile phonesin the early
stages of adolescent depression: randomized controlled trial. JMed Internet Res 2012;14(3):e67 [FREE Full text] [doi:
10.2196/jmir.1858] [Medline: 22732135]

Dooley B, Fitzgerald A. My World Survey: National Study of Youth Mental Health in Ireland. University College Dublin.
Dublin: The National Centrefor Youth Mental Health; 2012. URL : http://www.ucd.ie/t4cms/MyWorldSurvey.pdf [accessed
2015-02-23] [WebCite Cache ID 6WY ZbU2Nw]

Avenevoli S, Knight E, Kessler RC, Merikangas KR. The epidemiology of depression in children and adolescents. In:
Abela JRZ, Hankin BL, editors. Handbook of Depression in Children and Adolescents. New York: The Guilford Press;
2008:6-34.

Kenny R, Dooley B, Fitzgerald A. Feasibility of “CopeSmart”: atelemental heath app for adolescents. IMIR Ment Health
2015;2(3):€22. [Medline: 26552425]

Schneiders J, Nicolson NA, Berkhof J, Feron FJ, van Os J, deVries MW. Mood reactivity to daily negative eventsin early
adolescence: relationship to risk for psychopathology. Dev Psychol 2006 May;42(3):543-554. [doi:
10.1037/0012-1649.42.3.543] [Medline: 16756444]

Larson R, Ham M. Stress and “storm and stress’ in early adolescence: the relationship of negative events with dysphoric
affect. Dev Psychol 1993;29(1):130-140. [doi: 10.1037/0012-1649.29.1.130]

Ben-Zur H. Coping styles and affect. Int J Stress Manag 2009;16(2):87-101. [doi: 10.1037/a0015731]

Jaser SS, Champion JE, Dharamsi KR, Riesing MM, Compas BE. Coping and positive affect in adolescents of mothers
with and without a history of depression. J Child Fam Stud 2011 Jun;20(3):353-360 [FREE Full text] [doi:
10.1007/s10826-010-9399-y] [Medline: 21731408]

Bordwine VC, Huebner ES. Therole of coping in mediating the relationship between positive affect and school satisfaction
in adolescents. Child Ind Res 2010 Mar 2;3(3):349-366. [doi: 10.1007/s12187-010-9063-5]

DEIS: Delivering Equality of Opportunity in School. Department of Education and Skills. 2015. URL: http://www.
education.ie/en/Schools-Colleges/ Services/DEI S-Delivering-Equality-of -Opportunity-in-School s-/ [accessed 2016-07-15]
[WebCite Cache ID 6j1JivTph]

Lovibond PF, Lovibond SH. Manual for the Depression Anxiety Stress Scales. 2nd ed. Sydney: Psychological Foundation
of Australia; 1995.

Norton PJ. Depression Anxiety and Stress Scales (DASS-21): psychometric analysis across four racial groups. Anxiety
Stress Coping 2007 Sep;20(3):253-265. [doi: 10.1080/10615800701309279] [Medline: 17999228]

Kenny R, Dooley B, Fitzgerald A. Interpersonal relationships and emotional distress in adolescence. J Adolesc 2013
Apr;36(2):351-360. [doi: 10.1016/j.adolescence.2012.12.005] [Medline: 23414942]

Tully PJ, Zgjac I T, Venning AJ. The structure of anxiety and depression in a normative sample of younger and older
Australian adolescents. J Abnorm Child Psychol 2009 Jul;37(5):717-726. [doi: 10.1007/s10802-009-9306-4] [Medline:
19238534]

http://mental .jmir.org/2016/4/e51/ JMIR Ment Health 2016 | vol. 3 |iss. 4 |e51 | p.23

(page number not for citation purposes)


http://mental.jmir.org/2016/2/e16/
http://dx.doi.org/10.2196/mental.5165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27150677&dopt=Abstract
http://dx.doi.org/10.1037/a0024485
http://www.jmir.org/2013/7/e141/
http://dx.doi.org/10.2196/jmir.2413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23864345&dopt=Abstract
http://europepmc.org/abstract/MED/23990475
http://dx.doi.org/10.1093/ntr/ntt132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23990475&dopt=Abstract
http://europepmc.org/abstract/MED/23583312
http://dx.doi.org/10.1016/j.appet.2013.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23583312&dopt=Abstract
http://europepmc.org/abstract/MED/21112595
http://europepmc.org/abstract/MED/21112595
http://dx.doi.org/10.1016/j.jecp.2010.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21112595&dopt=Abstract
http://europepmc.org/abstract/MED/22176136
http://dx.doi.org/10.1111/j.1469-7610.2011.02469.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22176136&dopt=Abstract
http://europepmc.org/abstract/MED/22339611
http://dx.doi.org/10.1089/cap.2011.0085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22339611&dopt=Abstract
http://mhealth.jmir.org/2014/1/e3/
http://dx.doi.org/10.2196/mhealth.2576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098355&dopt=Abstract
http://www.jmir.org/2012/3/e67/
http://dx.doi.org/10.2196/jmir.1858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22732135&dopt=Abstract
http://www.ucd.ie/t4cms/MyWorldSurvey.pdf
http://www.webcitation.org/6WYZbU2Nw
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26552425&dopt=Abstract
http://dx.doi.org/10.1037/0012-1649.42.3.543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16756444&dopt=Abstract
http://dx.doi.org/10.1037/0012-1649.29.1.130
http://dx.doi.org/10.1037/a0015731
http://europepmc.org/abstract/MED/21731408
http://dx.doi.org/10.1007/s10826-010-9399-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21731408&dopt=Abstract
http://dx.doi.org/10.1007/s12187-010-9063-5
http://www.education.ie/en/Schools-Colleges/Services/DEIS-Delivering-Equality-of-Opportunity-in-Schools-/
http://www.education.ie/en/Schools-Colleges/Services/DEIS-Delivering-Equality-of-Opportunity-in-Schools-/
http://www.webcitation.org/6j1JivTph
http://dx.doi.org/10.1080/10615800701309279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17999228&dopt=Abstract
http://dx.doi.org/10.1016/j.adolescence.2012.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23414942&dopt=Abstract
http://dx.doi.org/10.1007/s10802-009-9306-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19238534&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Kenny et &

38. Bech P, Clinical Psychometrics. Oxford: Wiley-Blackwell; 2012.

39. Bech B, Gudex C, Johansen KS. The WHO (Ten) well-being index: validation in diabetes. Psychother Psychosom
1996;65(4):183-190. [Medline: 8843498]

40. Bech P, Olsen LR, Kjoller M, Rasmussen NK. Measuring well-being rather than the absence of distress symptoms: a
comparison of the SF-36 Mental Health subscale and the WHO-Five well-being scale. Int J Methods Psychiatr Res
2003;12(2):85-91. [Medline: 12830302]

41. de Wit M, Pouwer F, Gemke RJ, Delemarre-van de Waal HA, Snoek FJ. Validation of the WHO-5 well-being index in
adolescentswith type 1 diabetes. Diabetes Care 2007 Aug;30(8):2003-2006. [doi: 10.2337/dc07-0447] [Medline: 17475940]

42.  Mdller Leimkiihler AM, Heller J, Paulus NC. Subjective well-being and 'male depression’ in male adolescents. J Affect
Disord 2007 Feb;98(1-2):65-72. [doi: 10.1016/j.jad.2006.07.007] [Medline: 16965824]

43. Aminzadeh K, Denny S, Utter J, Milfont TL, Ameratunga S, Teevale T, et al. Neighbourhood social capital and adolescent
self-reported wellbeing in New Zealand: a multilevel analysis. Soc Sci Med 2013 May;84:13-21. [doi:
10.1016/j.socscimed.2013.02.012] [Medline: 23517699]

44. Tobin DL, Holroyd KA, Reynolds RV, Wigal JK. The hierarchical factor structure of the coping strategiesinventory. Cogn
Ther Res 1989 Aug;13(4):343-361. [doi: 10.1007/BF01173478]

45. MullisAK, MullisRL, Schwartz SJ, Pease JL, Shriner M. Relations among parental divorce, identity status, and coping
strategies of college age women. Identity 2007 May 15;7(2):137-154. [doi: 10.1080/15283480701326083]

46. Perrone KM, Civiletto CL. The impact of life role salience on life satisfaction. J Employ Couns 2004;41(3):105-116. [doi:
10.1002/j.2161-1920.2004.tb00884.X]

47. Piko BF, Fitzpatrick KM. Depressive symptomatology among Hungarian youth: arisk and protective factors approach.
Am J Orthopsychiatry 2003 Jan; 73(1):44-54. [Medline: 12674518]

48. Schraedley PK, Gotlib IH, Hayward C. Gender differencesin correlates of depressive symptoms in adolescents. J Adolesc
Health 1999 Aug;25(2):98-108. [Medline: 10447037]

49. Brown SL, Teufel JA, Birch DA, Kancherla V. Gender, age, and behavior differencesin early adolescent worry. J Sch
Health 2006 Oct;76(8):430-437. [doi: 10.1111/j.1746-1561.2006.00137.x] [Medline: 16978167]

50. Rickwood D, Deane FP, Wilson CJ, Ciarrochi J. Young people's help-seeking for mental health problems. Adv Mental
Health 2005 Dec;4(3):218-251. [doi: 10.5172/jamh.4.3.218]

51. SearsHA. Adolescentsin rural communities seeking help: who reports problems and who sees professionals? J Child
Psychol Psychiatry 2004 Feb;45(2):396-404. [Medline: 14982252]

52. Saunders SM, Resnick M D, Hoberman HM, Blum RW. Formal help-seeking behavior of adol escentsidentifying themselves
as having mental health problems. JAm Acad Child Adolesc Psychiatry 1994 Jun;33(5):718-728. [doi:
10.1097/00004583-199406000-00013] [Medline: 8056735]

53. Paluska SA, Schwenk TL. Physical activity and mental health: current concepts. Sports Med 2000 Mar;29(3):167-180.
[Medline: 10739267]

54. Biddle SJ, Asare M. Physical activity and mental health in children and adolescents: areview of reviews. Br J Sports Med
2011 Sep;45(11):886-895. [doi: 10.1136/bjsports-2011-090185] [Medline: 21807669]

55. Hallal PC, Victora CG, Azevedo MR, Wells JC. Adolescent physical activity and health: a systematic review. Sports Med
2006;36(12):1019-1030. [Medline: 17123326]

56. World Health Organisation. Global Recommendations on Physical Activity for Health. 2010. URL: http://apps.who.int/
irigbitstream/10665/44399/1/9789241599979_eng.pdf [WebCite Cache ID 6j1IMD7WN(]

57. Prochaska JJ, Sallis JF, Long B. A physical activity screening measure for use with adolescents in primary care. Arch
Pediatr Adolesc Med 2001 May;155(5):554-559. [Medline: 11343497]

58. Shochat T, Cohen-Zion M, Tzischinsky O. Functional consequences of inadequate sleep in adol escents: a systematic review.
Sleep Med Rev 2014 Feb;18(1):75-87. [doi: 10.1016/j.smrv.2013.03.005] [Medline: 23806891]

59. Seepfoundation. Teensand Sleep. 2016. URL : https.//d eepfoundation.org/d eep-topi cs'teens-and-d eep [accessed 2016-07-15]
[WebCite Cache ID 6j1MOGebm|

60. Jose PE, Ryan N, Pryor J. Does social connectedness promote a greater sense of well-being in adolescence over time? J
Res Adolesc 2012 Feb 27;22(2):235-251. [doi: 10.1111/j.1532-7795.2012.00783.x]

61. LeeH, Williams RA. Effects of parental acoholism, sense of belonging, and resilience on depressive symptoms: a path
model. Subst Use Misuse 2013 Feb;48(3):265-273 [FREE Full text] [doi: 10.3109/10826084.2012.754899] [Medline;
23302055]

62. Malaguias S, Crespo C, Francisco R. How do adolescents benefit from family rituals? Links to social connectedness,
depression and anxiety. J Child Fam Stud 2014 Dec 21;24(10):3009-3017. [doi: 10.1007/s10826-014-0104-4]

63. Benjamini Y, Hochberg Y. Controlling the false discovery rate: apractical and powerful approach to multiple testing. JR
Stat Soc Series B Stat Methodol 1995;57(1):289-300. [doi: 10.2307/2346101]

64. West S, Finch J, Curran P. Structural equation models with nonnormal variables: problems and remedies. In: Hoyle R,
editor. Structural equation modeling: Concepts, issues and applications. CA: Sage; 1995:56-75.

65. Rafnsson FD, Jonsson FH, Windle M. Coping strategies, stressful life events, problem behaviors, and depressed affect.
Anxiety Stress Coping 2006 Sep;19(3):241-257. [doi: 10.1080/10615800600679111]

http://mental .jmir.org/2016/4/e51/ JMIR Ment Health 2016 | vol. 3 | iss. 4 |e51 | p.24

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8843498&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12830302&dopt=Abstract
http://dx.doi.org/10.2337/dc07-0447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17475940&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2006.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16965824&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2013.02.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23517699&dopt=Abstract
http://dx.doi.org/10.1007/BF01173478
http://dx.doi.org/10.1080/15283480701326083
http://dx.doi.org/10.1002/j.2161-1920.2004.tb00884.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12674518&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10447037&dopt=Abstract
http://dx.doi.org/10.1111/j.1746-1561.2006.00137.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16978167&dopt=Abstract
http://dx.doi.org/10.5172/jamh.4.3.218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14982252&dopt=Abstract
http://dx.doi.org/10.1097/00004583-199406000-00013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8056735&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10739267&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2011-090185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21807669&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17123326&dopt=Abstract
http://apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf
http://apps.who.int/iris/bitstream/10665/44399/1/9789241599979_eng.pdf
http://www.webcitation.org/6j1MD7WNq
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11343497&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2013.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23806891&dopt=Abstract
https://sleepfoundation.org/sleep-topics/teens-and-sleep
http://www.webcitation.org/6j1MOGebm
http://dx.doi.org/10.1111/j.1532-7795.2012.00783.x
http://europepmc.org/abstract/MED/23302055
http://dx.doi.org/10.3109/10826084.2012.754899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23302055&dopt=Abstract
http://dx.doi.org/10.1007/s10826-014-0104-4
http://dx.doi.org/10.2307/2346101
http://dx.doi.org/10.1080/10615800600679111
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Kenny et &

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

WindleM, Windle RC. Coping strategies, drinking motives, and stressful life events among middle adol escents: associations
with emotional and behavioral problems and with academic functioning. J Abnorm Psychol 1996 Nov;105(4):551-560.
[Medline: 8952188]

Kraaij V, Garnefski N, de Wilde EJ, Dijkstra A, Gebhardt W, Maes S, et al. Negative life events and depressive symptoms
in late adolescence: bonding and cognitive coping as vulnerability factors? J Youth Adolesc 2003;32(3):185-193. [doi:
10.1023/A:1022543419747]

Curry J, Rohde P, Simons A, Silva S, Vitiello B, Kratochvil C, et al. Predictors and moderators of acute outcomein the
Treatment for Adolescentswith Depression Study (TADS). JAm Acad Child Adolesc Psychiatry 2006 Dec;45(12):1427-1439.
[doi: 10.1097/01.chi.0000240838.78984.€2] [Medline: 17135988]

Kolko DJ, Brent DA, Baugher M, Bridge J, Birmaher B. Cognitive and family therapiesfor adol escent depression: treatment
specificity, mediation, and moderation. J Consult Clin Psychol 2000 Aug;68(4):603-614. [Medline: 10965636]

Boergers J, Gable CJ, Owens JA. Later school start time is associated with improved sleep and daytime functioning in
adolescents. J Dev Behav Pediatr 2014 Jan;35(1):11-17. [doi: 10.1097/DBP.0000000000000018] [Medline: 24336089]
Wahlstrom K, Dretzke B, Gordon M, Peterson K, Edwards K, Gdula J. Examining the impact of later high school start
times on the health and academic performance of high school students: a multi-site study. Conservancy, University of
Minnesota. 2014. URL : http://conservancy.umn.edu/bitstream/handle/11299/162769/

I mpact%200f%20L ater%20Start%20Time%620Final %20Report.pdf ?sequence=1& isAllowed=y [accessed 2016-07-15]
[WebCite Cache ID 6j1PJKyaG]

Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations, and future directions. Res Q Exerc
Sport 2000 Jun;71(Suppl 2):1-14. [doi: 10.1080/02701367.2000.11082780] [Medline: 25680007]

LaGreca AM, Harrison HM. Adolescent peer relations, friendships, and romantic relationships: do they predict social
anxiety and depression? J Clin Child Adolesc Psychol 2005 Mar;34(1):49-61. [doi: 10.1207/s15374424jccp3401_5]
[Medline: 15677280]

Rose AJ, Carlson W, Luebbe AM, Schwartz-Mette RA, Smith RR, Swenson LP. Predicting difficultiesin youth'sfriendships:
Are anxiety symptoms as damaging as depressive symptoms? Merrill-Palmer Q 2011;57(3):244-262 [FREE Full text] [doi:
10.1353/mpq.2011.0013]

Prinstein MJ, Borelli JL, Cheah CS, Simon VA, Aikins JW. Adolescent girls interpersonal vulnerability to depressive
symptoms:. alongitudinal examination of reassurance-seeking and peer relationships. J Abnorm Psychol 2005
Nov;114(4):676-688. [doi: 10.1037/0021-843X.114.4.676] [Medline: 16351388]

Rowe F, Stewart D. Promoting connectedness through whole - school approaches: a qualitative study. Health Educ 2009
Aug 28;109(5):396-413. [doi: 10.1108/09654280910984816]

Carpenter JR, Kenward MG. Missing datain randomised controlled trials-a practical guide. Citeseerx.ist. Birmingham;
2008. URL: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.468.9391& rep=rep1 & type=pdf [accessed 2016-07-15]
[WebCite Cache ID 6j10h7ADq]

Dziura JD, Post LA, Zhao Q, Fu Z, Peduzzi P. Strategies for dealing with missing datain clinical trials: from design to
analysis. Yale JBiol Med 2013 Sep;86(3):343-358 [FREE Full text] [Medline: 24058309]

Depp CA, Ceglowski J, Wang VC, Yaghouti F, Mausbach BT, Thompson WK, et a. Augmenting psychoeducation with
amobile intervention for bipolar disorder: arandomized controlled trial. J Affect Disord 2015 Mar 15;174:23-30. [doi:
10.1016/j.jad.2014.10.053] [Medline: 25479050]

Bentley F, Tollmar K, Stephenson P, Levy L, Jones B, Robertson S, et al. Health Mashups: presenting statistical patterns
between wellbeing data and context in natural language to promote behavior change. ACM Trans Comput Hum I nteract
2013 Nov 01;20(5):1-27. [doi: 10.1145/2503823]

Van de Mortel TF. Faking itocial desirahility response bias in self-report research. AJAN. 2008. URL: http://www.
ajan.com.au/Vol25/Vol_25-4 vandeMortel .pdf [accessed 2016-07-15] [WebCite Cache ID 6j1PtQyF7]

Abbreviations

ANOVA: analysis of variance

CSl: Coping Strategies Inventory

DASS-21: Depression, Anxiety, and Stress Scale
EMA: ecologica momentary assessment

HOV: homogeneity of variance

WHO-5: World Health Organization Well-Being Index

http://mental .jmir.org/2016/4/e51/ JMIR Ment Health 2016 | vol. 3 |iss. 4 |€51 | p.25

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8952188&dopt=Abstract
http://dx.doi.org/10.1023/A:1022543419747
http://dx.doi.org/10.1097/01.chi.0000240838.78984.e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17135988&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10965636&dopt=Abstract
http://dx.doi.org/10.1097/DBP.0000000000000018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24336089&dopt=Abstract
http://conservancy.umn.edu/bitstream/handle/11299/162769/Impact%20of%20Later%20Start%20Time%20Final%20Report.pdf?sequence=1&isAllowed=y
http://conservancy.umn.edu/bitstream/handle/11299/162769/Impact%20of%20Later%20Start%20Time%20Final%20Report.pdf?sequence=1&isAllowed=y
http://www.webcitation.org/6j1PJKyaG
http://dx.doi.org/10.1080/02701367.2000.11082780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25680007&dopt=Abstract
http://dx.doi.org/10.1207/s15374424jccp3401_5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15677280&dopt=Abstract
http://www.jstor.org/stable/23098046
http://dx.doi.org/10.1353/mpq.2011.0013
http://dx.doi.org/10.1037/0021-843X.114.4.676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16351388&dopt=Abstract
http://dx.doi.org/10.1108/09654280910984816
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.468.9391&rep=rep1&type=pdf
http://www.webcitation.org/6j1Oh7ADq
http://europepmc.org/abstract/MED/24058309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24058309&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2014.10.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25479050&dopt=Abstract
http://dx.doi.org/10.1145/2503823
http://www.ajan.com.au/Vol25/Vol_25-4_vandeMortel.pdf
http://www.ajan.com.au/Vol25/Vol_25-4_vandeMortel.pdf
http://www.webcitation.org/6j1PtQyF7
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Kenny et &

Edited by G Eysenbach; submitted 15.07.16; peer-reviewed by J Torous, M Mani, R Mermelstein; comments to author 11.08.16;
revised version received 20.09.16; accepted 12.10.16; published 29.11.16.

Please cite as.

Kenny R, Dooley B, Fitzgerald A

Ecological Momentary Assessment of Adolescent Problems, Coping Efficacy, and Mood Sates Using a Mobile Phone App: An
Exploratory Sudy

JMIR Ment Health 2016;3(4):e51

URL: http://mental.jmir.org/2016/4/€51/

doi: 10.2196/mental.6361

PMID: 27899340

©Rachel Kenny, Barbara Dooley, Amanda Fitzgerald. Originaly published in IMIR Mental Health (http://mental.jmir.org),
29.11.2016. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Mental Health, is properly cited. The complete bibliographic information, a
link to the original publication on http://mental.jmir.org/, aswell as this copyright and license information must be included.

http://mental .jmir.org/2016/4/e51/ JMIR Ment Health 2016 | vol. 3 | iss. 4 |e51 | p.26
(page number not for citation purposes)

RenderX


http://mental.jmir.org/2016/4/e51/
http://dx.doi.org/10.2196/mental.6361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899340&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Biagianti et al

Original Paper

Creating Live Interactions to Mitigate Barriers (CLIMB): A Mobile
Intervention to Improve Social Functioning in People With Chronic
Psychotic Disorders

Bruno Biagianti**®, MD; Danielle Schlosser!, PhD; Mor Nahum®*, PhD; Josh Woolley’", MD, PhD; Sophia
Vinogradov®', MD

1Department of Psychiatry, University of California, San Francisco, San Francisco, CA, United States
2Department of Psychiatry, University of Milan, Milano, Italy

3Posit Science, Inc., San Francisco, CA, United States

“Hebrew University, Jerusalem, Israel

5Department of Psychiatry, University Of Minnesota, Minneapolis, MN, United States

"these authors contributed equally

Corresponding Author:

Bruno Biagianti, MD

Department of Psychiatry

University of California, San Francisco
401 Parnassus Avenue LP-253

San Francisco, CA, 94143

United States

Phone: 1 4152902122

Fax: 14152902122

Email: bruno.biagianti @ucsf.edu

Abstract

Background: Numerous psychosocial interventionsfor individual swith chronic psychotic disorders (CPD) have shown positive
effects on social cognitive and functional outcome measures. However, accessto and engagement with theseinterventionsremains
limited. Thisis partly because these interventions require specially trained therapists, are not availablein al clinical settings, and
have a high scheduling burden for participants, usualy requiring a commitment of several weeks. Delivering interventions
remotely viamobile devices may facilitate access, improve scheduling flexibility, and decrease participant burden, thusimproving
adherence to intervention requirements. To address these needs, we designed the Creating Live Interactions to Mitigate Barriers
(CLIMB) digital intervention, which aims to enhance social functioning in people with CPD. CLIMB consists of two treatment
components: a computerized social cognition training (SCT) program and optimized remote group therapy (ORGT). ORGT is
an innovative treatment that combines remote group therapy with group texting (short message service, SMS).

Objectives. The objectives of this single-arm study were to investigate the feasibility of delivering 6 weeks of CLIMB to people
with CPD and explore theinitial effects on outcomes.

Methods: Participants were recruited, screened and enrolled via the Internet, and delivered assessments and interventions
remotely using provided tablets (iPads). Participants were asked to complete 18 hours of SCT and to attend 6 remote group therapy
sessions. To assess feasibility, adherence to study procedures, attrition rates, engagement metrics, and acceptability of the
intervention were evaluated. Changes on measures of social cognition, quality of life, and symptoms were also explored.

Results: In total, 27 participants were enrolled over 12 months. Remote assessments were completed successfully on 96%
(26/27) of the enrolled participants. Retention in the 6-week trial was 78% (21/27). Of al the iPads used, 95% (22/23) were
returned undamaged at the end of the intervention. Participants on average attended 84% of the group therapy sessions, completed
amedian of 9.5 hours of SCT, and posted a median of 5.2 messages per week on the group text chat. Participants rated CLIMB
in the medium range in usability, acceptability, enjoyment, and perceived benefit. Participants showed significant improvements
in emotion identification abilitiesfor prosodic happiness (P=.001), prosodic happinessintensity (P=.04), and facial anger (P=.04),
with large within-group effect sizes (d=.60 to d=.86). Trend-level improvements were observed on aspects of quality of life (P
values less than .09). No improvements were observed for symptoms.
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Conclusions:

Biagianti et a

It is feasible and acceptable to remotely deliver an intervention aimed at enhancing social functioning in people

with CPD using mobile devices. This approach may represent a scalable method to increase treatment access and adherence. Our
pilot data also demonstrate within-group gains in some aspects of social cognition after 6 weeks of CLIMB. Future randomized
controlled studiesin larger samples should eval uate the extent to which CLIMB significantly improves social cognition, symptoms,

and quality of lifein CPD.

(JMIR Ment Health 2016;3(4):€52) doi:10.2196/mental .6671

KEYWORDS
psychosis; social cognition; digital health; mobile health

Introduction

Individuals with chronic psychotic disorders (CPD) struggle
with poor social functioning, namely in their ability to engage
in social interactions and to create meaningful relationships[1].
Contributorsto poor social functioning in CPD include pervasive
impairments in social cognition [2], including the perception,
interpretation and processing of socially-relevant information
[3]. For example, individuals with CPD show impairments in
gaze perception [4], emotion perception [5,6], social cue
perception [7], theory of mind [8], attribution style [9] and
empathy [10]. Impairments across al of these core domains of
social cognition persist throughout the course of theillnessand
have been linked to low occupational status, impaired
community functioning, reduced capabilities for independent
living, high relapse rates and reduced quality of life[1,11-14].
As a result, integrating treatments for social cognition into
psychosocial interventions may be critical to improving social
functioning for individuals with CPD [15].

Among the various interventions developed to improve socia
cognition over the past two decades (for a review, see [16]),
integrated psychologica therapy (IPT) [17] and cognitive
enhancement therapy (CET) [18] aretwo model sthat emphasize
that treatments for social cognition should take place within a
meaningful social context so that patients can practicethetrained
social cognitive abilities in supervised real-world social
situations [19]. The goal of this approach is to increase the
likelihood of skill transfer to everyday life settings and to
promote successful participation in real-world social situations.
For example, in CET, computer-based training of socia
cognition is integrated with group work on social skills
development. In these weekly groups, patients with CPD
practice structured social interactions, solve real-life social
dilemmas, do appraisal of affect and social contexts, initiate
and maintain conversations and receive feedback from other
patients and coaches. Integrating the group sessions has been
shown to be critically important for CET to generalize to
real-life accomplishmentsin social and occupational roles[18],
although a recent study suggests that combining elements of
computer-based cognitive training and social skills groups did
not induce greater benefits than cognitive training alone [20].
Finally, group-based interventions are known to sustain
engagement and to reduce stigma and isolation [21-23].

Research overall demonstrates positive effects of these
group-based integrated interventions on social cognitive and
functional outcome measures [17,18]. Unfortunately, severa
factors limit access to and engagement with these treatments.

http://mental .jmir.org/2016/4/e52/

First, many of these interventions are currently offered in only
afew specialized programs, and may not be accessibleto people
who live in rural or under-resourced areas [24]. Second, these
programs require specially trained therapists, who may not be
availablein all clinical settings [25]. Third, these interventions
have a high scheduling burden, usually requiring acommitment
of several months (and up to two years), in-person weekly visits
to clinics and the organization of patient groups for program
delivery. This scheduling burden can become untenable for
people who are employed, have caregiver demands, have other
responsibilitiesto manage or are without transportation. Lastly,
some individuals with CPD hesitate to approach traditional
mental health treatment settings because of stigma, which
interferes with help-seeking behaviors [26].

Recent advances in digital technology and mobile platforms
can help overcome these limitations by supporting the delivery
of interventions remotely to individuals with CPD who are
unable or unwilling to comein to the clinic, and do not own or
have easy access to Internet-connected computers. Mobile
interventions offer several benefits compared to in-person
approaches. First, they enable scheduling flexibility and decrease
scheduling burdens, thus facilitating accessibility and
compliance with intervention requirements and ultimately
increasing cost-effectiveness [27]. Second, digital technology
can enrich the quality of treatment by incorporating innovative
methods of communication, and by making treatment adaptive
and responsive to dynamic, ecologically valid, real-time data
[28]. Third, mobileinterventions delivered in real-time may be
accessed with greater frequency than in-person treatment
approaches for brief therapeutic interactions that help
consolidate support and maintain inter-session continuity [29].
Fourth, delivering the intervention in real-world settings may
support  the retention, reinforcement and successful
generalization of trained skills[30]. Finally, mobileinterventions
can include opportunities for remote social engagement, like
text-based motivation coaching from trained therapists or social
networking via direct peer-to-peer messaging [30].

Guided by these principles, we designed Creating Live
Interactions to Mitigate Barriers (CLIMB), a mobile
psychosocia intervention that aimsto enhance social functioning
in people with CPD. CLIMB consists of the following two
treatment components. (1) computerized social cognition
training (SCT) exercises, and (2) optimized remote group
therapy (ORGT). In line with the principles of IPT and CET,
we opted for a hybrid approach, blending a structured training
of social cognitive abilities (SCT) with an intervention that
combines weekly group teletherapy with group texting (short
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message service, SMS) (ORGT). The principal goal of CLIMB
is to enhance social functioning by driving improvements in
socia cognition, quality of lifeand clinical symptoms. However,
in this open-label pilot study, our main objective is to validate
the feasibility of the mobile intervention approach in people
with CPD. Over the course of 12 months, we delivered CLIMB
for 6 weeksvialoaned tablets (iPads) to 27 participants recruited
remotely from variouslocationsin the United States and Canada.
We evaluated adherence with study procedures, attrition rates,
engagement metrics and acceptability of the intervention. In
addition, we explored the effects of 6 weeks of CLIMB on
measures of social cognition, quality of life and clinical
symptoms. Finally, we explored possible predictors of
engagement with treatment components, and examined whether
engagement influenced changes in outcome measures.

Methods

I ntervention Design

CLIMB consists of novel treatment components consisting of
SCT exercises and ORGT.

Social Cognitive Training Exercises

The SCT computerized exercises used in the study are a subset
of the social cognitive training suite called SocialVille,
developed by Nahum et al, which aimsto treat social cognition
deficits targeting the impaired brain systems underlying social
cognition [31]. Therationalefor thetraining exercises has been
reported elsewhere [31]. Briefly, the exercises harness the
principles of brain plasticity, employing speeded, accurate and
increasingly more  challenging  discriminations  of
socially-relevant information (eg, eye gazes, emotional faces,
prosody, socia situations). Participants progress through each
exercisein adefined order of difficulty, generally moving from
more simplelevels(eg, easy to discriminate stimulustypes, less
response options) to more complex levels (eg, greater rule
complexity, greater similarity between stimuli, etc). A
single-arm open-label feasibility study of SocialVille delivered
remotely to asmall sample of young adultswith psychosisfound
high adherence with the training requirements, and significant
improvements on untrained measures of social cognition, social
functioning, motivation and reward sensitivity [31].

The SCT exercises chosen in CLIMB target gaze perception,
visual emotion perception, prosody, theory of mind, affective
memory and attribution bias, as these core domains of social
cognition are pervasively impaired in CPD and underlie most
critical factors of real-world functioning including decreased
quality of life and poorer community and occupational
functioning [1,11-14]. A full description of the exercises is
provided in Multimedia Appendix 1. The exercises are
personalized, in that (1) the level of training difficulty and
progression for each exerciseisindividually adaptive to ensure
that each user isappropriately challenged; (2) although thetotal
number of levelsto be completed for each exerciseisfixed and
equal for al participants, they can choose any 4 of the 7
exercises to complete on every session; (3) participants can
dynamically set the desired number of sessions to complete
every week and monitor their progress in real-time; and (4)
summary screens including game metrics (points) and exercise
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metrics (progress) are shown to the participant at the end of
each level.

Optimized Remote Group Therapy

ORGT isaninnovative integrated treatment approach that uses
mobile technology to implement weekly group teletherapy
sessions with group texting. In line with current
recommendations for group therapy in CPD, individuals are
grouped into cohorts of 3to 6, withinasimilar age range (within
5 years) [32,33]. A master’'s level clinician leads the group
teletherapy sessions and amoderator assists participants during
ORGT by facilitating and organizing the sessionsand by leading
the group text chat.

Group Teletherapy Sessions

Participants attend weekly, 60-minute group teletherapy
sessions. Sessions are based on recovery-model principles[34]
and on the Raise Early Treatment Program Manual [35]. Prior
to beginning the first group therapy session, two online surveys
that assess current social difficulties and preference for topics
to be discussed during the group teletherapy sessions are
administered. The clinician evaluates data from these surveys
to familiarize herself with the patient-centered goals. In thefirst
session, after introductions, the clinician teaches Specific,
Meaningful, Agreed Upon, Redlistic, Timely (SMART) goas
[36]. For every session, participants set a SMART goal
appropriate to their level of recovery. The following sessions
start with aninitial check-in (approximately 10 minutes) where
participants report on the SMART goa that they attempted
during the week. This is followed by psycho-education and a
discussion of shared experiences (approximately 15 minutes).
Here, the clinician lets participants pick a topic. The topics
covered include how to make friends, how to improve social
skills, how to improve motivation, how to identify arelapse and
how to succeed in ajob or at school. Participants discuss the
topic whilethe clinician moderatesthe conversation and invites
participation by all members of the group. The clinician also
contributes by sharing information, such as feedback on the
importance of reciprocity in social relationships or ways to
motivate yourself with rewards. The next segment of the session
is dedicated to learning or practicing a skill (approximately 15
minutes). The skills covered include a variety of mindfulness
techniques, socia skillstraining and relapse prevention planning.
Finally, participants set a personalized SMART goal for the
upcoming session (approximately 10 minutes).

Group Text Chat

The group text chat is used between video calls to optimize
group teletherapy by maintaining inter-treatment session
continuity with participants, by helping engage them in study
procedures and by offering more opportunities for social
engagement and peer support. The clinician and the moderator
use the group text chat to (1) supplement group teletherapy
sessions by sending links and articles about information and
topics discussed during the video calls; (2) notify the group of
study updates; (3) remind the group of scheduled sessions and
training requirements; and (4) message participants for remote
technical support and solution-focused problem-solving. The
moderator encourages participants to use the group text chat to
share persona artistic projects with the group through links,
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videos, pictures, drawings, poemsand quotes. The clinician and
moderator promote a non-stigmatizing approach to psychotic
experiences.

Feasibility Trial
Recruitment and Enrollment

For the pilot feasibility trial, study participants were recruited
online: information about the study aims and procedures was
posted on Craigdlist, Reddit, the National Alliance on Mental
I1Iness newsl etter and our study website. Interested individuals
contacted research staff via phone call, text or email. During
the initial phone screening, study personnd verified that
potential participants met the following inclusion criteria: (1)
prior clinical diagnosisof schizophrenia, schizoaffective disorder
or bipolar disorder with psychotic features, (2) age 18 to 65
years, (3) no neurological disorder or history of traumatic brain
injury, (4) no substance dependence or serious substance use
in the past 6 months, (5) current treatment with amental health
care provider, (6) no hospitalization in the last 3 months and no
changes in psychiatric medications for at least 1 month, (7)
visual, auditory and motor capacity to usean iPad, and (8) access
to an Internet-connected device with a camera/webcam and an
active email account. This last criterion was required in order
to sign the consent form digitally and to undergo the eligibility
diagnostic interview before iPad shipment.

After the initial phone screening, study personnel provided
informed consent documents to participants remotely using
Qualtrics (Provo, Utah, USA). Following the initial screening
and consent, participants underwent a diagnostic evaluation
using the Structured Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders-1V Text Revision
(DSM-IV-TR) (SCID) [37], which was administered remotely
by graduate-level psychology students, using the Health
Insurance Portability and Accountability Act (HIPAA)
compliant video-calling software Vsee (Vsee Lab, LLC,
Sunnyvale, Cdlifornia, USA). Participantswho met DSM-IV-TR
criteria for schizophrenia, schizoaffective disorder or bipolar
disorder (psychotic disorders) with psychotic features were
enrolled in the study.

Study Procedures

The study procedures are depicted in Figure 1. After enrollment,
participants were given the opportunity to use their own iPad
or to receive a study iPad via the mail that will be loaned to
them for the duration of the trial. Study apps were preinstalled
on theloaned iPads before shipment. Next, aone-on-one phone
call was arranged to orient participants to the various apps.
Enrolled participants were then placed on awaiting list and as
soon as at least 3 individuals of similar age were enrolled and
ready to participate in the trial, the cohort was assembled and
underwent the assessment battery remotely using iPads. Once
all cohort participants completed the assessment battery, they
were engaged in the intervention for 6 weeks.
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ORGT was dedlivered through Google Hangouts, afree platform
that offers group-based videoconferencing, text chats and
multimodal file sharing. At the beginning of the intervention,
the moderator created a Hangouts group open to the clinician,
moderator and cohort participants, and contacted the participants
on the group text chat to explain her role. In the group text chat,
the moderator introduced each participant to each other and to
the clinician, informed them of the privacy practicesin the apps
and encouraged them to be respectful of their peers privacy.
Next, the moderator invited participants to attend weekly,
60-minute group tel etherapy sessions conducted through Google
Hangouts video calls. In order to find a time that worked for
everyone, the clinician, moderator and cohort participants
indicated their availability using an online poll. During the 6
weeks of the intervention, the moderator was available online
8 hours a day, and kept the chat active in between sessions by
contacting the group on a daily basis. Finally, all Hangouts
interactions were archived and securely saved on Research
Electronic Data Capture (REDCap), a HIPAA-compliant
database.

The SCT program was delivered through the BrainHQ-Research
app and was provided free of charge by Posit Science Inc.
Parti cipants were encouraged to complete 18 hours of SCT over
the course of 6 weeks, preferably for 3 hours aweek. In each
training on, participants engaged with 4 different exercises,
performing each exercise for about 7.5 minutes. To access the
SCT program, participantslogged into BrainHQ-Research using
a unique study-provided login that contained no personally
identifiable information. The moderator tracked user
performance and treatment compliance remotely using asecure
online portal. Weekly one-on-one phone calls were scheduled
to discuss with participants their compliance with SCT
requirements. Individualized motivational interviewing
techniques were used when necessary to increase training
frequency and structure training schedules[38]. For participants
who completed less than 1 hour of SCT in the previous week,
check ins were intensified up to 3 times a week. While in the
intervention, participants continued to receive treatment by their
outside providers (eg, psychoeducation, psychotherapy,
adjustments in medications as clinically indicated).

Within 1 week after finishing theintervention, participantswere
asked to compl ete the assessment battery on iPads. Finally, they
were asked to fill out an online exit survey in which they rated
enjoyment, ease of use, perceived benefits and ease of fit into
daily schedule.

If participants returned loaned iPads undamaged and fully
functional, they were provided monetary compensation for
participating in the study viaamailed check. Participants who
completed all study procedures successfully earned US $285.
Participants were paid US $5 for each completed hour of SCT
and each ORGT video call attended, and US $15 per hour for
assessments.  Participants were not compensated for their
participation in the group text chat.
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Figure 1. Creating Live Interactionsto Mitigate Barriers (CLIMB) study procedures.
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Study participantswere recruited online from various platforms
and websites. After the phone screening, they signed informed
consent documents digitally using Qualtrics. Next, they
underwent a remote diagnostic evaluation (SCID), which was
administered using the video-calling software Vsee. Once
enrolled, participants received viamail an iPad, through which
they completed an assessment battery. Next, they engaged in
the CLIMB intervention for 6 weeks. CLIMB consistsof aSCT
program and ORGT. Within 1 week after finishing the
intervention, participants completed the assessment battery on
theiPad. Finally, they filled out an online exit survey. Upon the
redelivery of the loaned iPad, they received compensation via
check.

Assessments

Social Cognition

We assessed socia cognition by means of the Prosody
| dentification Task (PROID) [39], and the Bell-Lysaker Emotion
Recognition Test (BLERT) [40], two well-validated
computerized tasks. These tasks measure two of the constructs

http://mental .jmir.org/2016/4/e52/

RenderX

that weretrained, but distinct and independent from the specific
SCT exercises used in the intervention. PROID is a vocal
identification task that assesses a subject’s ability to perceive
and discriminate emotion in the speech of others. The test
consists of 21 sentences of neutral content that are spoken aloud
by male and female speakersto convey 1 of 7 different emotions
(happiness, sadness, anger, fear, surprise, disgust and no
emotion), as well as utterances with no emotional expressions.
Participants first identify the emotional expression of each
utterance and then rate the utterance's emotional intensity on a
scale from 1 (very low intensity) to 9 (very high intensity).
BLERT isan affect recognition task consisting of 21 short video
clips in which an actor performs 1 of 3 dialogues while
portraying 1 of 7 different emotions. Participants choose which
of the 7 emotionslisted on the screen best describesthe affective
quality enacted by the actor. For both tasks, trial-by-trial
accuracy data are factorized for each emotion separately, and
an overall accuracy score is also provided. iOS versions of
BLERT and PROID were developed using origina stimulus
sets  provided by the authors, embedded in the
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BrainHQ-Research app and administered without remote
supervision. Alternate forms of PROID and BLERT were
counterbalanced before and after the intervention.

Quality of Life

Quality of life was evaluated by means of the Schizophrenia
Quality of Life Scale (SQLS) self-report questionnaire. SQLS
is a 30-item questionnaire that requires a 7-day retrospective
self-assessment of quality of life [41]. Results are scored using
a 5-point Likert-type scale ranging from 1 (“Never”) to 5
(“Always"). Total scorerangesfrom 30 (best status as measured
on the SQLS) to 150 (the worst status as measured on the
SQLYS). The scale comprises the “Psychosocial,” “Motivation
and Energy,” and “ Symptoms and Side-Effects’ subscales, with
the purpose of indicating the extent of difficulty on each domain.
The “Psychosocial” subscale (15 items) addresses various
emotional problems, for example, feeling lonely, depressed or
hopeless, as well as feelings of difficulty mixing in social
situations and feeling worried about the future. The*“Motivation
and Energy” subscale (7 items) addresses various problems of
motivation and activity, such as lacking the will to do things,
while the “Symptoms and Side-Effects’ subscale (8 items)
addresses issues such as sleep disturbance, blurred vision,
dizziness, muscletwitches and dry mouth, which can be caused
by medi cations. The SQL Swas digitized and compl eted without
supervision through iPads using Qualtrics.

Clinical Symptoms

Clinical symptoms were assessed using the Positive and
Negative Syndrome Scale (PANSS) [42]. From the PANSS
scores, 6 symptom dimensionswere derived: Positive, Negative,
Disorganized, Excitement, Depression and Anxiety, and Other
[43]. PANSS were conducted over Vsee by graduate-level
psychology students trained on manual assessment procedures
and observed by expert clinical supervisors. A large body of
literature suggests that assessment via videoconferencing in
patients with CPD is equivalent to in-person and is tolerated
and well-accepted [44].

Data Analysis Plan

To investigate the feasibility of CLIMB, descriptive statistics
for recruitment, enrolment and retention rates, successful
completion of remote assessments and iPad return rate were
examined. Based on previous studies, we hypothesized that at
least 75% of enrolled participants would complete the
intervention [31], and that at least 85% of devices would be
returned undamaged [45].
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To investigate engagement in CLIM B, descriptive statistics for
hours of SCT completed over the course of 6 weeks, attendance
rate for group teletherapy and number of group chat messages
and words were examined. Based on previous studies, we
hypothesized that participants would complete at least 1 hour
of SCT per week [31], participate in 80% of the group
teletherapy sessions[22], and send at | east 8 messages per week
[30].

To investigate the acceptability of CLIMB, descriptive statistics
fromthe CLIMB exit survey ratingsfor overall enjoyment, ease
of use, ease of fit into daily schedule and perceived benefits
were examined. We hypothesized ratings of at least 3 on the
5-point Likert scale items [31].

To explore theinitial effects of CLIMB on study outcomes, we
performed analyses on data obtained from all enrolled
participants (N=27). Because we were interested in examining
the ecological feasibility of CLIMB, we did not restrict the
analyses only to participants who adhered to al intervention
recommendations. Post-intervention datawere not collected on
6 enrolled participants who dropped out at various stages of the
intervention (see Figure 2). All outcome variableswere normally
distributed. Pre- to post-changes in outcome measures were
examined using paired samplet tests. Within-group effect sizes
(Cohen’'s d) were computed using the mean change scores
(post-treatment minus baseline) and the change score standard
deviations. Because there were inter-individual differencesin
terms of engagement with each treatment component, and some
engagement metrics were not normally distributed, we used non
parametric correlations to test whether (1) engagement metrics
were correlated; (2) demographic variables, symptomsor quality
of life correlated with engagement metrics; and (3) changesin
outcome scores correl ated with engagement metrics. In the cases
of significant pre- to post-changes and/or significant associations
of these changes with engagement metrics, we used repeated
measures linear mixed modeling with a diagonal covariance
structure to determine whether changes in outcome measures
were influenced by engagement with the intervention. Given
the study attrition rate (22%), maximum likelihood (ML)
estimation was used. Because we had baseline measurements
for al participants, and the amount of missing data was
relatively modest, it is likely that the missing at random
assumption for ML was met, suggesting that it is unlikely the
model results would have significantly changed had dropouts
been able to be followed.
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram for Creating Live Interactions to Mitigate Barriers (CLIMB).
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Results

Feasibility of Study Procedures

The Consolidated Standards of Reporting Trials (CONSORT)
diagram of the study is shown in Figure 2. A total of 47
volunteer participantsfrom 31 different states passed the phone
screening over the course of 12 months (June 2015 to June
2016). Of these, 11 (23%, 11/47) never signed the consent form,
8 (17%, 8/47) were consented but did not participate in the
SCID interview, and 1 (2%, 1/47) did not qualify after the SCID,
leaving 27 participants enrolled in the study. Of these, 21 (78%,
21/27) completed all study procedures, 1 (3%, 1/27) dropped
out during baseline assessments, 3 (11%, 3/27) dropped out
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during the intervention, and 2 (7%, 2/27) dropped out before
post-treatment assessments. The reasons provided for dropping
out included increased stress at work (n=1), symptom
exacerbation (n=1), boredom (n=2), and unknown reasons (n=2).
Over the course of 12 months, 7 cohorts were assembl ed.

All phone-screened participants reported being comfortable
using an iPad; 85% (40/47) had easy and regular access to
wireless fidelity (WiFi), 72% (34/47) had a desktop or laptop
computer in their home and 70% (33/47) had their own mobile
phone with app capabilities (smartphone). The demographic
information and access to mental health services for enrolled
participants (N=27) is displayed in Table 1 and the geographic
distribution of enrolled participantsis shown in Figure 3.
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Table 1. Demographic and baseline clinical and functional characteristics for the enrolled participants (N=27).
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Characteristic Mean (SD) or n (%)
Sex, n (%)

Female 10 (37%)

Male 17 (63%)
Age (years), mean (SD) 28.1(6.4)
Duration of illness (years), mean (SD) 7.0(4.9)
Number of previous hospitalizations, mean (SD) 4.6 (4.0)
PANSS? total score, mean (SD) 59.2(15.6)
SQLSb total score, mean (SD) 82.0(15.9)
Education, n (%)

Drop-out in high school 1 (4%)

High school degree 4 (15%)

Currently pursuing a college degree 11 (41%)

Drop-out during college 8 (30%)

College degree 3 (11%)
Medications, n (%)

Taking antipsychotics 25 (93%)

Unmedicated 2 (7%)
Diagnosis, n (%)

Schizophrenia 9 (33%)

Schizoaffective 15 (56%)

Bipolar disorder with psychosis 3 (11%)
Access to mental health services, n (%)

Seeing a psychiatrist 18 (67%)

Seeing a case manager or nurse practitioner 7 (26%)

Seeing a psychotherapist 7 (26%)

3PANSS: Positive and Negative Symptoms Scale.
bSQLS: Schizophrenia Quality of Life Scale.

Of the enrolled individuals, 4 (15%, 4/27) already had iPads.
Consequently, iPads were shipped to 23 participants. Of those,
21 (91%, 21/23) were returned undamaged and fully functional,
1 (4%, 1/23) was initialy withheld by an individua who
dropped out of the study (and was retrieved with the help of the
local police) and the final 1 (4%, 1/23) was never returned and
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was rendered unusable through remote deactivation. The
administration of SCID interviews over Vsee was completed
successfully with al enrolled participants. Of the enrolled
individuals, 26 (96%, 26/27) completed the baseline assessment
battery on iPads successfully, providing valid BLERT, PROID,

SQLS and PANSS data.
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Figure 3. Geographic distribution of enrolled participants (N=27).
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Engagement With Social Cognition Training and
Optimized Remote Group Therapy

Participants were asked to complete 18 hours of SCT over the
course of 6 weeks, but showed highly variable engagement,
with amedian of 9.5 hoursof SCT completed (semi interquartile
range of 6.3). In total, 6 participants (22%, 6/27) completed
greater than 16 hours, requiring only brief weekly check ins; 8
(30%, 8/27) required regular weekly check ins and additional
text reminders, and completed at least 6 hours; 8 (30%, 8/27)
required intensive monitoring multiple times aweek and trained
1to 5 hours; and 4 (15%, 4/27) trained less than 1 hour and
eventually dropped out, in spite of intensive monitoring. In
addition, 46% (12/26) of participants completed lessthan 1 hour
aweek of training during the intervention. For adistribution of
SCT hours, see Multimedia Appendix 2.

Participants attended on average 5.2 (SD 2.0) ORGT teletherapy
sessions over the course of 6 weeks. Therefore, the average
attendance rate for ORGT video callswas 84% (SD 28%). The
participants’ self-assessment of social difficultiesand preference
about topics to be discussed during the group teletherapy
sessions are shown in Multimedia Appendices 3 and 4. More
than 40% of the participants endorsed lack of energy, socia
isolation, social and emotional withdrawal and general
expectancy of failure. Thetopicsthat ranked asvery interesting
by at least 50% of the participants were, in order of preference,
improving social engagement, improving speech activity,
improving social cognitive skills, learning about identification
of stressors and training problem solving skills.

Engagement with the ORGT group text chat was variable. Over
the 6 weeks of the intervention, the total number of messages
posted in the group chat by all cohort users (moderator and
participants) averaged across all cohorts, was 1201 (SD 2013).
The median number of messages posted by each participant per
week across all participants, was 5.2, with a semi interquartile
range of 12.8. The median number of words sent per participant
per week was 37, with a semi interquartile range of 200. The
median length of a message was 9.4 words, with a semi
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interquartile range of 5.1. We also caculated the ratio of
moderator messages to participant messages. For instance, a
ratio of 2:1 would mean that for every 2 messages sent from
the moderator to participantsin the group chat, each participant
would post 1 message. When averaging across cohorts, wefound
a mean ratio of 0.97:1 (SD 0.30). The ratio reflects similar
degrees of contribution to the group chat from the moderator
and participants.

The attendance rate for group teletherapy positively correlated
with hoursof SCT completed (r=.484, P=.01), and with average
number of words per message per participant (r=.44, P=.04).
However, hours of SCT did not correlate with any ORGT
messages and/or words metrics (all P values greater than .20).

Ataqudlitative level, we observed awide range of contributions
to ORGT: approximately 30% of participants were proactive
during the group teletherapy sessions and sent text messages
multiple times aweek to the group chat, showing curiosity and
appreciation, and engaging other participants in dynamic
interactions; approximately 30% contributed only after
encouragement from the clinician/moderator during the group
teletherapy sessions and in the group text chat; and
approximately 20% showed minimal contribution during the
group teletherapy sessions, and left most engagement attempts
inthe group text chat unaddressed. Finally, original multimedia
content was created by participants during the intervention and
shared through Hangouts [46,47].

Acceptability of Creating Livelnteractionsto Mitigate
Barriers(CLIMB)

Upon study completion participants completed an online exit
survey to rate their experience with CLIMB. The first
component of the survey was a 23-item questionnaire that asked
participantsto indicate how much of thetimethey felt that each
statement was true, using a 5-point Likert scale with 1
corresponding to “none of thetime” and 5 to “al of the time.”
Items were grouped into 4 categories, and the following
averaged ratings were obtained: (1) Enjoyment/Satisfaction had
arating of 2.99 (SD 1.09), where 3 corresponds to half of the
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time; (2) Program Clarity/Ease of Use had arating of 4.18 (SD
0.90); where 4 corresponds to most of the time; (3) Ease of Fit
had arating of 2.91 (SD 1.20); and (4) Perceived Benefits had
arating of 3.25 (SD 1.18). Thecompletelist of itemsisincluded
in Multimedia Appendix 5.

Finally, participants indicated what they liked best about the
program and what kept them from adhering to CLIMB according
to the recommended schedule. In summary, participants enjoyed
participating in the ORGT group teletherapy sessions because
of the positive, non-stigmatizing experience of social support
from staff and peers during the sessions. They also appreciated
being able to access the intervention from home, and speaking
with other participants from a safe and protected environment.
Internet technical difficulties, symptom exacerbation, low
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perceived value of the treatment, motivational deficits,
employment burden and lack of time were self-reported as
reasons for low engagement with CLIMB.

Exploratory Outcomes

Significant improvements were found in pre- to post-measures
of identification of vocal emotional prosody for happiness
(P=.001) and happinessintensity (P=.04), asindexed by PROID
(see Table 2). Participants also showed significant improvements
in their ability to detect anger in a video vignette (P=.04), as
indexed by BLERT. For these outcomes, effect sizeswere large
(d=.60 to d=.86). Trend-level improvements were observed on
the SQLS total score, and “Psychosocia” (P=.09) and
“Motivation and Energy” (P=.06) subscales. No significant
changes were observed for PANSS ratings.

Table 2. Pre- to post-changes and effect sizes for outcome measures in study completers (N=21).

Outcome measure Baseline, mean (SD) Post, mean (SD) Paired samples, t (sig) Effect size, d
PROID? accuracy in detecting, %
Happiness 0.35 (0.20) 0.54 (0.25) —4.06 (0.00) 86
Happinessintensity 0.37 (0.18) 0.52 (0.27) —2.26 (0.04) .68
Overall 0.58 (0.14) 0.59 (0.14) —0.63 (0.54) A1
BLERT® accuracy for detection (%)
Anger 0.78 (0.30) 0.92 (0.15) —2.26(0.04) .60
Overall 0.72(0.18) 0.80(0.19) -1.60 (0.13) 42
sQLS®
Psychosocial 44.59 (9.58) 40.88 (10.71) 1.83 (0.09) 36
Symptoms and side effects 18.65 (5.01) 18.18 (4.49) 0.48 (0.64) .10
Motivation and energy 20.12 (3.55) 18.76 (3.70) 2.04 (0.06) 37
Total score 83.35(16.22) 77.82(17.14) 1.76 (0.10) .33
PANSS
Negative symptoms 2.33(1.02) 2.63(0.98) —2.07 (0.09) -29
Total score 60.81 (16.23) 61.05 (9.97) —0.08 (0.94) -02

3PROID: Prosody Identification Task.

bBLERT: Bell-Lysaker Emotion Recognition Test.
€SQLS: Schizophrenia Quality of Life Scale.
dpANSS: Positive and Negative Symptoms Scale.

L ess severe negative symptoms at baseline correlated with total
number of words (r=—497, P=.022) and messages (r=—479,
P=.028) posted per participant on the group text chat during the
6 weeks of theintervention. In addition, total number of words
posted per participant on the group text chat correlated with
shorter duration of illness (r=—497, P=.022). Post-intervention
outcomes were not inter-correlated. We found positive
associations at trend level between hours of SCT completed
and gainsintotal SQLS(r=.448, P=.071), SQLS" Psychosocial”
(r=.455, P=.067) and SQL S “Mativation and Energy” (r=.460,
P=.063). The results from the linear mixed models are shown
in Multimedia Appendix 6. Hours of SCT did not have
significant effectson the pre- to post-changesin the linear mixed
models.

http://mental .jmir.org/2016/4/e52/

Discussion

Principal Findings

In this study, we tested the feasibility of CLIMB, a mobile
psychosocial intervention designed to enhance socia functioning
in people with CPD. Using Internet-connected iPads, we
delivered CLIMB for 6 weeks to people with CPD recruited
remotely from 31 locations throughout the United States and
Canada. Wefound that CLIMB isahighly feasibleintervention
with high enrolment, retention, iPad return and remote
assessment completion rates. In particular, the attrition and
device return rates in our study are similar to other studies
testing mobile phone appsin patients with psychotic disorders
[29,45]. Taken together, these findings indicate that delivering
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assessments and treatments remotely to peoplewith CPD using
mobile platformsis highly feasible.

In line with other mobile interventions for serious mental
illnesg[48], engagement with the CLIMB treatment components
was variable. The attendance rate for ORGT group teletherapy
sessions was high (84%, SD 28%), and comparable to that of
in-person group therapy approaches [22]. Despite significant
efforts to monitor, support and keep participants engaged in
SCT, 46% (12/26) of participants completed less than 1 hour a
week of training during the intervention. One possible
explanation of this differential engagement is that completion
of SCT exercises requires sustained effort, focused attention
and active planning and engagement by the user, whereas
participation in ORGT may be less effortful, more directly
rewarding and require less actively focused attention. Similar
to previous studies [30], participants engaged in ORGT group
text chatting multiple days a week. There were, nonetheless,
inter-individual qualitative differencesin terms of contribution
such that some individuals engaged actively in text-based
conversations with the group and shared original content (short
videos, pictures, drawings, poems), while the majority of the
users contributed marginally or minimally to the group text
chat. This heterogeneity may partially be explained by the fact
that contributions to the group text chat were not compensated.
Baseline characteristicslikely account for these inter-individual
differences, where we found that participants with shorter
duration of illness and fewer negative symptoms posted more
wordsin the group text chat, though they did not complete more
hours of SCT or showed higher attendance rate in the group
teletherapy sessions. These findings suggest that the group text
chat isadesired modality of social engagement particularly for
individuals recently diagnosed with a psychotic disorder who
have less severe negative symptoms. Interestingly, the higher
attendance rate in ORGT group teletherapy sessions was
associated with more hours of SCT and longer messagesin the
group text chat, whereas hours of SCT did not correlate with
group text chat metrics, possibly suggesting that engagement
in remote video calls had a positive effect on engagement in
the other components of treatment.

The overall acceptability of CLIMB was medium, as reflected
in the satisfaction ratings endorsed in the exit survey about ease
of use and perceived benefits, as well as the retention rate.
Participants valued the ease of use of the CLIMB apps, the
ability to access the intervention from a safe and protected
environment, and they felt comfortable and accepted when
sharing subjective experienceswith staff and other participants.
Finaly, 5 (19%, 5/27) participants provided unsolicited
qualitative feedback about their participation (for representative
excerpts, see Multimedia Appendix 7). Qualitative and
guantitative data about acceptability collected from study
participants in this pilot will inform future iterations on
intervention development and optimization to meet the
expectations and preferences of prospective service users.

We al so examined the effect of 6 weeksof CLIMB on outcomes.
We found significant pre- to post-intervention improvements
on specific aspects of socia cognition (prosody identification
of happiness and recognition of anger) with large effect sizes,
and trend-level improvements on quality of life self-reports,

http://mental .jmir.org/2016/4/e52/
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with medium effect sizesfor the* Psychosocial” and “ Motivation
and Energy” subscales. Although there are currently no rigorous
studies testing remote SCT in CPD, our within-group effect
sizes for socia cognition outcomes are comparable to recent
reports of in-person SCT [16]. Improvementsin quality of life
self-reports showed trend-level relationshipswith hours of SCT
completed. An appropriately powered, randomized controlled
trial is required to determine whether CLIMB induces
improvementsin social cognitive outcomes, clinical symptoms,
and quality of life.

Limitations

Our study had several limitations. We recruited exclusively
using the Internet, which most likely biasesthe sample, making
it not representative of the larger population of individualsliving
with CPD. Morethan 70% of participantswho passed the phone
screening had amobile phone, adesktop and/or laptop computer
in their home and regular access to WiFi, whereas a recent
meta-analysisfound that mobile phone ownership among people
with CPD was only 35% [49]. However, severa lines of
evidence now indicate that people with CPD already use their
mobile devices to manage their illness and promote their
recovery, and that mobile devices are an acceptable mental
health method to deliver innovative interventionsto people with
CPD. For example, in surveys of mobile interventions
acceptability, over half of the patients with CPD responded in
favor of using mobile devices for tracking and/or monitoring
their mental health, and for facilitating patient contact with
health professionals[49]. Aswell, alarge sampleof individuals
with CPD surveyed online reported that Web-based technology
helped with identifying coping strategies and connecting for
support with family and friends [50]. In addition, a convenient
sample of young people recruited from two specialized early
intervention programsfor psychosis manifested interest in using
the Internet, social mediaand mobile technologiesfor receiving
mental health-related services [51]. Finaly, a recent
comprehensive review found high acceptability of delivered
online and mobile interventions for serious mental illness,
particularly when participants were provided remote online
support, with the majority of studies reporting no effects of age,
sex, educational level or clinical characteristics on acceptability
[48]. While these findings provide evidence that acceptability
is unlikely to represent a barrier to the implementation of
CLIMB in menta health care settings, more problematic isthe
generalizability of the findings about intervention use, as less
tech-oriented individuals with CPD may still find the approach
acceptable, but not sufficiently engaging.

Two other factors contributed to the sampling bias. In order to
be enrolled in the study, participants had to have awareness of
their illness and be receiving mental health care. In our sample,
93% (25/27) of study participants were taking antipsychotic
medications and 67% (18/27) were seeing apsychiatrist. These
rates of mental health care use are much higher than the general
CPD population in the United States, where at least 40% of
people with CPD have no contact with mental health services
[52]. As CLIMB has been designed to meet the needs of those
who are unable or unwilling to comein to mental health clinics
to access treatments for social functioning, future research will
seek to recruit a mixed sample of service users directly drawn
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from diverse community-based settings and non-service users
in order to examine engagement patterns on a more
representative sample of patients with CPD. As inadequate
engagement may detrimentally impact efficacy, dose-response
studies will also be conducted to determine the necessary
intervention duration and intensity to drive meaningful
improvements in outcomes.

While it is true that the high recruitment and retention rates
found in the study are likely the result of the sampling bias that
may limit the generalizability of the findings and the ability to
draw conclusions about the scal ability potential of CLIMB, our
sample nonetheless reflects a segment of younger individuals
with CPD who are technology oriented, actively engaged in
their recovery and treatment and for whom digital platforms
seem to be a preferable intervention delivery modality [51].

Since the goal of this pilot study was to assess the feasibility of
delivering CLIMB remotely and not its efficacy, we did not
include a control group. We aso did not place restrictions on
medication regimens during study participation. Therefore, we
cannot rule out non-specific effects of study participation and
medication effects on the observed improvements on proximal
measures of social cognition. In addition, the fact that
participantswere provided remuneration for each ORGT on
attended and each hour of SCT completed, likely biased the
data about engagement and adherence. Therefore, our results
may not trandate to real-world settings where this payment
schedule may not be provided. Cost-effectiveness analyses and
focus groups will be conducted to devise scalable solutions for
sustained engagement that match users preferences and
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expectations. Finally, the current support protocol may be
manageablefor CLIMB moderatorswhen serving small cohorts
of patients, but may require significant adaptations to
disseminate effectively.

Conclusions

We demonstrated that it is feasible to target improvementsin
socia cognition in people with CPD using an innovative and
scalable treatment package that is delivered remotely, and that
combines structured training of social cognitive abilities with
a group-based, multimodal, ecological psychotherapeutic
intervention. Future efficacy studieswill evaluate the degree of
improvement in various domains, including social functioning,
social cognition, clinical symptoms and quality of life.

More importantly, results from this study indicate that it is
feasible and acceptable to engage people with CPD in remote
assessments and treatment using mobile devices. This has
important implications in terms of access, engagement and
dissemination of mental health services. First, providers will
be able to interact with mobile interventions to monitor patient
status remotely and provide inter-session extended support, at
minimal costs and without requiring local infrastructures.
Second, patientsliving in under-resourced areas who are unable
or unwilling to comein to the clinic can benefit from speciaized
treatment optionsthat may not be availablelocally. If successful,
this approach has far-reaching implications for public health.
As our knowledge of how to deliver effective treatments using
remote digital technology grows, we will be able to reduce
disparities in mental health outcomes, and promote equity in
access to mental health care.
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Multimedia Appendix 1
Descriptions of the social cognitive training (SCT) exercises.
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Multimedia Appendix 2

Distribution of hours of social cognitive training completed over the course of 6 weeks (n=26). Each bar represents a Creating
Live Interactions to Mitigate Barriers (CLIMB) participant.

[PDFE File (Adobe PDF File), 53KB - mental_v3i4e52_app?2.pdf ]
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Multimedia Appendix 3
Results from the online survey administered at baseline to assess current social difficulties.

[PDE File (Adobe PDF Fil€), 152K B - mental_v3i4e52_app3.pdf ]

Multimedia Appendix 4

Results from the online survey administered at baseline to review preferences for topics to be discussed during optimized remote
group therapy (ORGT) sessions.

[PDFE File (Adobe PDF File), 150KB - mental_v3i4€52_app4.pdf ]

Multimedia Appendix 5

Quantitative data from the online exit survey. A 5-point Likert scale was used to determine how much of the time participants
felt that each statement was true with 1 corresponding to none of the time, 2 to alittle bit of the time, 3 to about half the time, 4
to most of thetime, and 5 to al of the time (n=21).

[PDE File (Adobe PDF File), 151K B - mental_v3i4e52 app5.pdf ]

Multimedia Appendix 6

Linear mixed modelsfor outcome variables adjusting for hours of social cognition training (SCT) and using maximum likelihood
(ML) estimation (N=27).

[PDE File (Adobe PDF Fil€), 149KB - mental_v3i4e52_app6.pdf ]

Multimedia Appendix 7
Excerpts of feedback provided by Creating Live Interactions to Mitigate Barriers (CLIMB) participants.

[PDE File (Adobe PDF File), 214KB - mental_v3i4e€52_app7.pdf ]
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Abstract

Background: Emotional well-being isaprimary component of mental health and well-being. Monitoring changesin emotional
state daily over extended periods is, however, difficult using traditional methodologies. Providing mental health support is also
challenging when approximately only 1 in 2 people with mental health issues seek professional help. Mobile phone technology
offers a sustainable means of enhancing self-management of emotional well-being.

Objective: This paper aims to describe the development of a mobile phone tool designed to monitor emotional changesin a
natural everyday context and in real time.

Methods: This evidence-informed mobile phone app monitors emotional mental health and well-being, and it provides links
to mental health organization websites and resources. The app obtains data via self-report psychological questionnaires, experience
sampling methodology (ESM), and automated behavioral data collection.

Results: Feedback from 11 individuals (age range 16-52 years; 4 males, 7 females), who tested the app over 30 days, confirmed
via survey and focus group methods that the app was functional and usable.

Conclusions: Recommendations for future researchers and devel opers of mental health apps to be used for research are al'so

presented. The methodology described in this paper offers a powerful tool for arange of potential mental health research studies
and provides a valuable standard against which development of future mental health apps should be considered.

(JMIR Ment Health 2016;3(4):e49) doi:10.2196/mental.6202

KEYWORDS
eHealth; emotions;, mental health; mobile phone; feedback

Consistent with dual models of well-being, it encompasses both
positive functioning (happiness, a sense of control and
salf-efficacy, and social connectedness) and an absence of stress
and depression [2,3]. Monitoring changes in emotional
well-being is fundamental to mental health, with increases in
emotional well-being associated with resilience, creative
thinking, social connectivity, and physical health [4-9]. In

Introduction

Background

Emotional well-being isbroadly defined [1] as, “ apositive sense
of well-being and an underlying belief in our own and others
dignity and worth” by the Mental Health Foundation (p. 8).
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contrast, significant and sustained decreases in emotional
well-being are associated with the development of affective
disorders such as depression and anxiety, and reduced physical
health [4,5,7].

Monitoring for such changes is crucial for early detection of
mental health problems. Rapid responseto early risk indicators
isone of the key predictors of better health outcomes, enabling
preventative health approachesto beinitiated early [10]. Regular
monitoring of emotional health indices is therefore
recommended by various national guidelines[11,12]. In practice,
however, it remainsdifficult for clinicians or professional mental
health service providers to abtain frequent monitoring in real
time[13,14]. A priority challenge facing the health care system
is to achieve practicable and sustainable means of supporting
self-management of health and well-being. Self-monitoring is
aparticularly attractive goal for mental health care, given that
many individuals with mental health needs do not seek
professional health care support [15-17]. In addition,
self-monitoring may develop an individual’s insight into their
need to seek help. In particular, young people consistently
indicate that they prefer nonprofessional or self-managed
strategiesfor addressing mental healthissues[18,19]. Obtaining
temporally sensitive (eg, daily) information on significant
changes in emotiona state has the potential to profoundly
improve the capacity to promote emotional health [12].

Experience sampling methodologies (ESMs), or ecological
momentary assessments, involve the systematic collection of
self-report data from individuals at multiple time points
throughout their everyday lives [20]. ESMs have been used to
monitor changesin affective state, and to predict mental health
with success to a certain extent [21,22]. In particular, the
variability in emotional state over time provides more substantial
information for understanding the causes and nature of
psychopathology than do cross-sectional “snapshot”
assessments. For example, when sampled multiple times a day
for 6 days, negative affect was found to vary more in patients
diagnosed with major depressive disorder than that in controls
acrossthe day [23]. ESM assessmentsin individual s diagnosed
with panic disorder al so reveal ed that the expectation of apanic
attack was a significant precursor for the occurrence of apanic
attack [24]. Ben-Zeev et a [25] aso found that patients
diagnosed with a major depressive disorder retrospectively
reported higher levels of symptoms relating to anhedonia,
suicidality, and sadness than captured in their ESM reports,
highlighting the biases of traditional survey methods. To date,
however, it has been methodologically difficult and obtrusive
to obtain temporally regular and precise measures of emotional
state [21]. The resources required to obtain such information
repeatedly over lengthy time frames have made such anintensive
monitoring prohibitive. In addition, the use of palm pilots and
pagers (which were never asfamiliar to users as mobile phones
have become) to prompt users for this information can be
intrusive, and makesit lesslikely that userswill continueto use
this form of monitoring for extended periods [26].

Mobile phone technol ogy offers an unprecedented opportunity
to unobtrusively track everyday behavior and changes in
emotional state, al in real time [27,28]. Mobile phone health
tools also offer the potential of immediate response to the
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outcome of this monitoring via delivery of mental health
information contingent on changesin real-time emotional state
[29]. Thistechnology has not yet been fully leveraged for these
purposes, despite mobile phones being one of the few pieces of
technology that most people carry on their person every day
[30]. This pervasiveness meansthat mobile phonesoffer ahighly
natural and regular means by which information on emotional
state could be obtained. Mobile phones now penetrate 77%,
72%, and 68% of the Australian, US, and UK population,
respectively [31], and are a cost-effective means of seeking help
for mental health issuesthat may overcome socioeconomic and
geographic boundaries [32,33].

Mobile phone health technology holds great potential for
facilitating the management of emotional health through its
ability to deliver flexible, user-oriented intervention and
self-management tools; afeature particularly relevant for young
people who often report fear of stigma associated with seeking
professional servicesfor sensitive mental health issues[34,35].
In a 2010 study, 76% of an Australian sample reported being
interested in using mobile phones to monitor and manage their
own mental health [32]. A large number of mobile phone apps
are currently available that claim to promote mental health and
well-being [36,37] and a subset of these also attempt to track
mood or emotional state over time. However, empirical support
for the efficacy of these apps is extremely limited [36]. For
instance, in a systematic review of 5464 mental health app
abstracts, less than 5 apps were found to have experimental
evidence[37]. In addition, afew have capitalized on the benefits
enabled by the mobile phone technology such as experience
sampling and automated data collection in identifying and
evaluating potential time-sensitive behavioral indicators of
mental health change [36].

Of the mobile phone mental health programs that have utilized
ESM to track mood over time, several favorable outcomes have
been reported. For example, Reid et al [28,38] found that the
majority of their adolescent sample using the mobile
phone-based mental health app, mobiletype, completed their
self-assessments, and that the use of the app increased the
practitioners understanding of their patients mental health.
Harrison et al [29] reported that the use of the mobile phone
accessed Web-based cognitive behavioral therapy (CBT) course
MyCompass for 6 weeks significantly reduced symptoms of
depression and anxiety and improved self-efficacy. One of the
barriersto sustainability of user engagement in such programs,
however, isthat they require extensive voluntary input from the
user. When evaluated, a common theme is initial compliance,
followed by high dropout and poor self-reporting rates (eg, less
than 10% of the sample trialing MyCompass reported using it
every day) [29]. Reasonsfor discontinued useinclude problems
understanding how to use the program, invasiveness of the
questions, the need for repetitive completion of questionnaires,
insufficient personalization of the mental health advice, and
little motivation to engage with the program [28,29].

An innovative way to meet this challengeisto monitor indices
of emotional health using methods that require minimal insight
or subjective report from the user. Mobile phones contain a
range of embedded sensors and features, including
accelerometersand global positioning systemsand apps, which
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can automatically record information about a user’s behavior
[39]. Two recent studies have obtained a combination of data
from mobile phones in an attempt to predict participants
self-reported mood. LiKamWa et al [40] found that up to 93%
of mood scores were accurately predicted by socia activity,
physical activity, and general mobile phone use data collected
from mobile phones. Asselbergs et al [41] attempted to predict
self-reported mood of 27 participants from metadata of 6 mobile
phone indices (phone calls, text messages, screen time, app
usage, accelerometer, and phone camera events). Although the
accuracy of the models was no greater than models obtained
without mobile phone data, the methodol ogy was demonstrated
to be technically feasible and to hold promise. The authors
recommended that inclusion of more meaningful or relevant
features from mobile phone data may be the key to improving
prediction.

Interestingly, young people use mobile phones for music
listening, fitness, and social networking more than any other
demographic [42], and these are among the most effective
strategiesfor optimizing emotional health [43-46]. For example,
thefrequency of app-switching and the content of social network
messages were found to predict depression [43] even prior to
its onset [47]. Music listening patterns also appear to predict
emotional health [48-50] and given that approximately two
thirds of music listening by young peopleisviamobile devices
such as mobile phones [31], it is surprising that relatively few
apps have attempted to use music for this purpose [27]. Vocal
expression too has been found to be auseful index of emotional
state [51,52]. Short voice samples have been found to
demonstrate 70% accuracy for simple affect recognition [53].
Monitoring acombination of behavioral indices such asphysical
activity, online social interactions, and music choicestherefore
offers a promising means of nonintrusive but sensitive
assessment of affective state. Advances in statistical methods
available through machine learning aso enable powerful
analysisof thismore complex level of individualized multilevel
modeling [52,54].

Another limitation of most mental health apps currently
availableisthat they tend to simplify the emotional well-being
spectrum, with positive and negative affect anchors on a
unidimensional rating scale. Contemporary conceptualizations
of well-being however clearly show that optimal “emotional
health and well-being” does not emerge from an absence of
affective disorder alone, but also requires a state of positive
functioning [2,55,56]. Although positive and negative emotional
functioning are correlated, there is substantial evidence that
they are orthogonal constructs [57]. Mobile phone technology
that differentiates the quadrants created by categorizing
according to mental illness or languishing and mental health or
flourishing [3,55] is therefore encouraged.

Objective

In this paper, we capitalized on the extraordinary role that
mobile phones play in people’s lives to develop atool that has
the potential to significantly extend the understanding of
emotional health and well-being. The aim of this paper wasto
describe the design of the mobile phone app, MoodPrism, which
was devel oped to monitor emotional well-being in context and
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in real time, and provide personalized feedback on the full
spectrum of emotional well-being. The paper describesin detail
the design and data collection functions of the app, which were
incorporated to address major challenges for mental health
research and practice, and presents feedback from a small
sampleof trial users (beta-testers), which tested the functionality
and usability of the app.

Methods

Design and Development of the App

MoodPrism was designed and developed in collaboration with
a commercial digital creation studio, Two Bulls (Melbourne,
Australia). The app was prepared for both theiOS and Android
mobile phone platforms and was distributed by the Web-based
Apple and Google Play stores, respectively. The term
“MoodPrism” was selected to reflect its primary purpose of
collecting emotional state data across the entire spectrum of
emotional health and well-being and converting this into an
array of color-coded feedback to the user.

The development of MoodPrisminvolved designing 3 different
methods of data collection within the software: (1) automated
monitoring of selected online behavior, (2) experience sampling
of emotional well-being self-reports, and (3) psychological
assessment questionnaires. automated monitoring of selected
online behavior, experience sampling of emotional well-being
self-reports, and psychological assessment questionnaires. This
triangulation of data collection is considered crucia for
advancing the measurement of emotional state [58]. As part of
the sign-up procedure to the app, permissions for sensitive data
had to be obtained. Incentives to continue collecting data over
an extended period were also generated.

The devel opment of MoodPrismwas completed in March 2015.
The required forms of data collection were achieved by
devel oping asuite of app components, which were then collated
into a cohesive app. The outcomes of this development process
are described in the following.

Sign Up

As part of the sign-up procedure for the app, options were
offered to users to provide the app with access to social
networking and music apps as well as genera (postcode)
location. These data were then collected continuously and
without the need for user input over the month’s research period.
After sign up and consent procedures, MoodPrism administered
the initial surveys that could be completed in multiple sittings
and required 30-60 min in total to complete. The participants
werethen requested to use the app for at least thirty days, during
which they would be prompted daily to answer a set of short
guestions, and weekly to complete a short audio recording. If
they were unable to respond to daily prompts, MoodPrism
advised they could complete them at atime of their convenience
till midnight that day, or alternatively to ignore them. At the
end of the 30 days, userswereinvited to complete afinal set of
surveys, which in total required 15-30 min to complete.

Userswere incentivized to continue using MoodPrism through
3 strategies. First, daily mood and mental health feedback was
provided to the user, with additional feedback unlocked after
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sustained use (Multimedia Appendix 2). This promoted
engagement by rewarding users and encouraging feelings of
achievement, adhering to principles of gamification [59], which
isrecommended in mental health apps[36]. Second, completion
of daily reports as well as the final surveys generated entries
into adraw for 1 of the 4 $AU100 (approximately US $75) gift
vouchers. Third, users were informed that their data were
contributing to research into the value of mobile phone apps
for monitoring mental health and well-being.

Automated Monitoring

MoodPrismacted asaportal for dataaccessed viasevera mobile
phone sensors and apps. Two validated predictors of emotional
state change were targeted: music use and web-based social
network site activity. As a part of the sign-up process, users
wereinvited to give permission for the app to access Facebook,
Twitter, the user’s music library, and location (postcode only).

Facebook, Twitter, and music use data were collected once
every 24 h, and the information collected is provided in
Multimedia Appendix 1. Data were accessed from Facebook
and Twitter through their relevant application programming
interfaces (APIs). Thisallowsthird-party accessto selected data
collected by both Facebook and Twitter. Facebook and Twitter
content was analyzed automatically and locally on the user’'s
phone using several linguistic dictionaries from the Linguistic
Inquiry and Word Count (LIWC) [60]. Summarieswere obtained
for frequencies of emotion words, which were supplemented
with a range of emoticons and Internet slang expressions for
emotions. Social words and personal pronoun counts were also
obtained. A word count for thetarget categoriesin the dictionary
was extracted and these counts were uploaded to the server.
This was repeated every 24 h to collect the posts that occured
across the duration of MoodPrism use. The post content
temporarily stored by MoodPrism was then deleted.

Experience Sampling

MoodPrism utilized ESM to deliver a short set of questions to
usersdaily (Figure 1). Promptsweredelivered at aquasi-random
time between user-defined hours (eg, 9:00 am-9:00 pm) for 30
days.

Figure 1. Screen shots from app showing experience sampling method.
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The questions captured a real-time assessment of the user’'s
emotional well-being, event-related experiences, and their
context. Emotional state questions comprised 4 questions on
psychological illhealth (depression and anxiety), 4 on emotional
state (positive and negative affect, arousal, and control), and 4
on positivefunctioning (social connection, motivation, meaning,
and self-esteem). Positive and negative event-rel ated experiences
were assessed by the type of event experienced and arating of
the event’s affective strength (from “slightly” to “extremely
positive or negative’). The type of event was selected from a
range of options drawn from stressor event questionnaires
[61-65] and modified as a short list of the most common event
domains (eg, school or work, physical heath, material
possessions, or social experience domain). Context was assessed
via 2 questions, 1 for socia context (who the user was with at
the time of the report) and environmental context (where they
were at the time of the report). Specific questions are given in
Table 1.

In addition, a weekly prompt was delivered that requested a
short voice recording to serve as an implicit measure of
emotional state [51,53]. Users were prompted to read a
standardized piece of text at the start and the end of the
recording, and within that window to describe freely how they
were feeling at that time.

Psychological Assessment Questionnaires

A number of questionnaires were available for completion at
the onset of the app use, providing baseline measures of
emotional well-being as well as data on potential moderators
or confounding variables (see Figure 2). These questionnaires
were categorized into survey “blocks’ and displayed on the
MoodPrism homescreen until their completion. This served to
organize the questionnaires into manageable chunks for users
to completein their owntime. A subset of these questionnaires
was also delivered at the end of the month-long period to enable
assessment of whether the app may have affected thewell-being
measures. A description of these questionnaires was provided
in Table 2.
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Figure 2. Screenshots showing examples of longer psychological questionnaires.
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Table 1. Qualitative feedback: questions guiding qualitative feedback forums.
Broad question Prompts
Was the app easy to use? Privacy issues (eg, social networking sites)

Was it clear to you why you were providing the information that you did?

Why did you opt-in or opt-out of connecting your social media accounts? What things would be an incentive to
opt-in?

Can you imagine anyone using the app without incentives?

Who do you think would benefit from using it?

Wasit clear to you that you were earning entries into a draw to win an iPad? Wasiit clear how the prize entries
were being awarded? Did this consciously motivate you to use the app?

Were the colors or emoticons used in the mood feedback hel pful ?

How did you find the daily Did they get in theway at all?
prompts? Were significant events captured?
What kind of event did you feel was appropriate to report (major, minor, or both)?

How did you find the feedback? M ood feedback
Did you notice yourself paying more attention to the way you feel than usual?
When you started using the app, was it made clear that reporting your mood could improve your mental health
and well-being?
Surveys
Mental health info or contacts — did you explore any of these? Were they useful ?
Did you ever find the overview upsetting or negative?
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Table 2. Sample feedback provided by beta-testers.

Theme Sample responses
Positive feedback
Aesthetically pleasant It looks nicel

Easy to use
Daily reports quick to complete
Feedback useful and specific

Good to be able to get feedback about how
feelings change daily

Negative feedback

Wording of some questions confusing

Some content can make you feel negative

Feedback clarity

ESM functionality

Privacy or information issues

Installation issues

Seamless and smooth to use
Simple set of responses takes only afew minutes daily — easy to use daily

Targeted questions give specific feedback about links between mood and daily activities
Colored display of mood was useful representation [sic]

Liked unlocking of content - motivated to keep using

Feedback was not upsetting

The ease of the app and being able to check in how exactly I’'m feeling at a certain time

Many questionsin theintroductory questionnaires are confusing double-negative repeats of previous
questions, combined with putting negative responses near the top (where you expect positive ones)
is confusing.

I've never been irked when people expressed ideas very different from my own: “Yesor No”. Isit
possible to put Agree or Disagree instead?

Quite morbid thingsin thelist of “most negative thing to happen to you today” -- makes meimagine
some pretty terrible rare events like “ death of aloved one”, etc. -- not a great thing to remind
someone with depression to think about on adaily basis. / Many questions are quite negative like
this-- you think about how stressed, worried, out of control, etc. you are -- createsamajor disincen-
tive to participating -- they're not things you want to dwell on when you're depressed.

The summary information for tracking well-being across times seems simplistic. For example, if |
wasin agood but deactivated mood, it said | was “on my way to thriving” - but of course it's not
healthy to be highly activated ALL the time.

The other thing | thought could be made clearer is what the numbers on the main screen mean -
they're al different colors for the different days of the month but not sure what those numbers or
colors mean

There are acouple of categories | felt were missing when logging the things that happened today.
On the “who are you with” screen, the option of “partner” would be useful. The “won something”
category in the positive events screen was less useful.

No positive event option for work

Need trust in the app to give permission for social media sharing. So should give permission later
on, perhaps after surveys, after built trust in app after some use

L ocation information should be clarified to be postcode, not specific GPS point
Hard to download

Feedback

monthly overviewswere also available when multiple ESMs
were compl eted.

The final design feature of MoodPrism was the provision of a
range of feedback to the user on their emotional well-being and
mental health. Thisfeedback was organized in consultation with
the Australian mental health organi zations beyondblue [66] and
headspace [67], research literature on mental health and
well-being, and expert advice on currently available mental
health apps.

The feedback was available at severa stages (see Multimedia
Appendix 2):

«  On the completion of a survey block, users were provided
a summary of their general score on one of the surveys
within that block.

«  On completion of each daily report, users were provided
with a color-coded brief description and custom emoticon
representing their emotional state on that day. Weekly and

http://mental .jmir.org/2016/4/e49/

«  Oncompletion of 1 week’sworth of ESMs, “ positive mental
health” data provided individualized feedback (based on
their positive health responses), which included links to
positive health websites and apps.

«  Oncompletion of 2 weeks worth of ESMss, depression and
anxiety data were collated to provide individualized
feedback on mental illness risk (based on their PHQ-4
responses). Recommendations and supporting links to
mental health websites or contacts were also provided, as
well as advice suitable to the user’'s emotional functioning
over the past 2 weeks.

Database Security and Storage

With such extensive and potentially identifiable information
being collected by MoodPrism, data storage and data security
became a major priority. The following considerations were
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made regarding data storage in adherence with industry and
University [68] standards, the Privacy and Data Protection Act
2014, and the Guidelines for Ethical Practicein Psychological
Research Online as outlined by the British Psychological
Society [69].

Immediately following the survey collection, data were stored
on the user’s mobile phone prior to being uploaded encrypted
into a secure database every 24 h. All data uploaded from the
user's phone was stored on an Amazon Web Services server.
This database was protected by afirewall and regularly updated
security protocols. The data stored were anonymized at the point
of upload. All potentially identifiable information was removed
from the data and only the device ID was retained (functioning
as a randomly generated participant code). Data were only
accessible online by authorized users via Secure Shell (SSH),
which authenticates server access with digital certificates and
encrypted passwords. All communication between authorized
usersand the server al so occurred through HTTPS. Thisensured
that al information passed between the server and the
researchers was encrypted and cannot be accessed or
manipulated by athird party.

With regard to social media data, explicit consent to access
Facebook or Twitter accounts (“opt-in”) was provided by the
user. Their social media credentials were stored locally on the
phone but were never uploaded to the server. All Facebook and
Twitter posts content were processed locally in the mobile
phone’s memory and aggregated word counts were generated.
Only the aggregate word count was uploaded to the storage
server.

Results

The app wasinitially tested by both the researchers and the app
developers for minor issues and bugs. A small convenience
sample of independent, nonclinica users (N=11, age
range=16-52 years; 4 males, 7 females) was then recruited to
test the app to generate feedback on the functionality and
usability of the app to the researchers and app devel opers. They
used MoodPrism daily over a 30-day period and kept notes of
their user experience. Information about the study was provided
to the participants and electronic consent was required before
the app could be used.

Thetest samplewasinvited to provide moreintensive qualitative
feedback by either Web-based questionnaire (n=5) or via
attendance at a focus group session (n=6). Focus group
participants a so provided quantitative feedback by completing
theMobile Application Rating Scale (MARS) [70]. TheMARS
isamultidimensional measurefor trialing and rating the quality
of mobile phone apps, and has demonstrated interrater reliability
and internal consistency. All beta-testers were also invited to
discuss or provide emailed notes on their user experience. Broad
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guestions were posed, and prompts were provided where
necessary (see Table 1). (No attempt was made to analyze the
emotional well-being data from the beta-testers, as the sample
was small, and this aim was beyond the scope of the current
paper, the primary aim of which wasto provide information on
the devel opment of the app.)

Themes extracted from the comments provided via the focus
group or Web-based feedback are presented in Table 2.

The testing of the app with this sample was approved by the
Monash University Human Research Ethics Committee
(Approval # CF14/968 — 2014000398). App development was
completedin 2015 and tested over June-July 2015. The app was
then revised in response to feedback received and the fina
version of the app prepared. The app was then released on the
Google Play (Android) and Apple (i0S) stores. Future
publications will report empirical data from this app, with the
scope of the current publication limited to the development
process only.

Feedback about the functionality and usability of the app was
obtained from 11 beta-testers, who completed astandard survey
of app usability, the MARS. Theresultsare presented in Figure
3.

MARS ratings for the MoodPrism app exceeded the average
rating for 50 apps reviewed by Stoyanov et a [70] for each
MARS subscale. Highest satisfaction ratings were obtained for
itemsrelating to the app’s graphics quality (eg, buttons, icons),
gestural design (eg, swipes, scrolls), ease of use (eg, clear
menus), credibility of the information sources, the layout
aesthetics, and increased awareness of mood. Lowest ratings
were obtained for entertainment value (eg, fun to use),
customization options, likelihood to change behavior,
motivations to address mood and interest, and likelihood to
recommend to others.

Theresultsfrom the focus group sessions and emailed responses
from all 11 beta-testers are also summarized in Table 2.

The majority of issues identified by the beta-testers were
addressed in thefinal version of the app. For instance, the order
of positively or negatively worded options was made consistent
acrossall questionnaires, additional information on how location
and socia networking data will be used was provided, with
reassurance that information collected was deidentified was
added, and an explanatory key was provided for interpreting
colors and emoticons. The only issues that were not able to be
addressed related to the integrity of psychometrically validated
questionnaires (and therefore wording could not be altered),
inclusion of negative content (which was important to the
primary purpose of the app), or installation difficulties (as they
related to thetrial version only, and would not be present in the
Apple and Android Web-based stores).
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Figure 3. Quantitative feedback: beta-tester ratings on the Mobile Application Rating Scale (MARS) subscales (N=11).
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Discussion

Principal Findings

In this paper, we demonstrated how mobile phone technology
could be harnessed to overcome severa challengesin current
mental health research and practices. Key needs we aimed to
meet by developing this tool included the following: rea-time
monitoring of emotional functioning, ng thefull spectrum
of emotional well-being, confidential access to mental health
support and information when required, and to reduce
obtrusiveness of regular monitoring.

MoodPrism was developed on both iOS and Android mobile
phone platforms as an app to monitor emotional well-being in
real time. It achieved this using ESM and collection of
behavioral data via mobile phone apps (addressing challenge
1). It included assessment of daily positive psychological
functioning (or “flourishing” [55]) in addition to moretraditional
assessment of negative psychological functioning (depression
and anxiety) (addressing challenge 2). MoodPrism offered users
arange of resources and links to enhance mental health literacy
and access to professional mental health support, which vary
depending on their current emotional functioning (addressing
challenge 3). MoodPrism also incorporated voice monitoring,
socia networking site, and music playlist data collection asthe
first steps toward less obtrusive monitoring of emotional
well-being for extended periods (addressing challenge
4)—although extensive algorithmic modeling will be necessary
to achievethisgoal. In sum, MoodPrism successfully responded
to 4 key challenges in the emotional mental health domain. A
number of important learnings were also achieved during this
project, which may be helpful to outline for future researchers
considering developing a mental health app [36].

http://mental .jmir.org/2016/4/e49/

Considerations When Developing a Resear ch-Based
Mental Health App

Development of mental health appsis arelatively young field,
and the guidelines to support researchers and app developers
arenot yet widespread. During the devel opment of MoodPrism,
anumber of key issues were identified that could be helpful to
researchers developing apps for mental health research and
practice. These issues are briefly outlined in the following and
then recommendations for consideration in future research are
summarized in Figure 1.

Firt, it isimportant to recognize the different priorities of app
developers and researchers (and mental health practitioners).
For example, the MoodPrism researchers main goals were
database integrity, psychometrically sound questionnaires, and
ethical administration of sensitive content. The app developers
main goals were an enjoyable user experience, good design,
simple user interface, brief page content, and anonymous data
storage. |dentifying these goals and coming to an agreement on
how they should be prioritized could help design an app that
optimizes functionality (and therefore will be used by the
participants) with integrity (so that the data are suitable for
anaysis). With MoodPrism, the researchers' priority to maintain
psychometric properties of questionnaires was in conflict with
the app developers' priority for good user interface and design.
Administration of long questionnaires was overcome by creating
brief checkpointsor “blocks” of surveysto complete, each with
a portion of feedback provided as a reward to incentivize
completion of long surveys. Similarly, the developers’ database
prioritieswere guided by industry standards for data collection
and storage. At times, this conflicted with the researchers’ need
to obtain sufficient details; for example, anonymity of social
mediapostsinitially prevented theintegrity of coding processes
from being verified. Coding solutionswere eventually achieved,
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but considerable delays could have been avoided if the database
requirements were thoroughly discussed at the project’s outset.
When these conflicting prioritieswereidentified, asolution was
often achieved that produced the unexpected benefit of
optimizing outcomes for both stakeholders. For example, the
chunking of questionnaires not only improved the user
experience, but also was likely to improve the validity of data
asparticipantswere lesslikely to fatigue, or resort to nonserious

responding.

Second, sufficient time should be quarantined at the outset for
planning, and at the completion for beta testing and revision.
App developers' schedules can overlook the details involved
in translating research reguirements into the app space, and as
a result underestimate the time involved. Database APIs for
commercia appsalso tend to have simpler output requirements
thanisoften essential for advanced statistical analyses. A failure
to identify the more complex necessities of the app’s function
at the outset can result in over simplistic transition of features
into the app, and subsequent delaysin revision to meet research
needs. Time spent presenting the entire app’s contents clearly
up front to app developers will help avoid significant delays
during devel opment. Time should al so be sufficient at the outset
for complete storyboarding and wireframing of the app to ensure
both parties agree on the app’s format and presentation.
Aesthetics that work well in commercial apps do not always
translate well for research content, which may out of anecessity
include lengthier content or inflexible formatting or labeling of
items (eg, traditional Likert-type scales in psychological
guestionnaires). Samples of similar app presentations that are
known to work effectively with this type of content should if
possible be reviewed and the best featuresidentified. Allowing
sufficient time for planning should also ensure that clear
milestone dates are set, post which no further changes or
additional content can be made by researchers or practitioners
until trialing. Ongoing modifications can magnify delays for
app developers and confuse versions being delivered. Sufficient
timewhenthe appisbeing finalized isalso critical. Users should
be allowed a sufficient trial period to allow testing of the app
in various contexts, and the schedule should also ensure that
they are able to report back both individualy, and where
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possible as a part of group discussion. Focus groups are
invaluable for identifying common themes across users, aswell
as alowing more singular experiences to emerge.

Third, communication among app developers and researchers
or practitioners should be managed centraly. A flexible
Web-based platform (such as “Basecamp”) provides project
management tools such as discussion threads, allocation of
tasks, acentral filerepository, and reminders. Progress of tasks
should be monitored regularly and updates provided when item
check off is delayed. Clear assignment of tasks avoids tasks
being overlooked, and ensures accountability.

Fourth, methods to evaluate the app should be included within
the app itself. Commercial apps can contain simple “thumbs
up” or star ratings, but this is unlikely to be sufficiently
informative for research or practitioner needs. Importantly, it
is helpful to obtain assessments of the various aspects of the
app, including commercial considerations such as aesthetics
and functionality as well as those of central interest to
researchers, such as ethics or trust and integrity. Published app
assessment measures such asthe MARS for health apps should
be considered if possible. This will alow standardization and
comparability across apps in the mental health space, and to
build integrity and an evidence base for improvement of mental
health apps over time.

Our experiences researching and devel oping mental health apps
have yielded a number of important practical insights of value
to researchers in this field. The issues highlighted during the
development of MoodPrism, taken together with our
recommendations documented el sewhere[36], are summarized
in Figure 4.

Potential Applications of MoodPrism in Psychological
Research

The development of a research mobile phone tool such as
MoodPrism has enormous potential within the mental health
field. Severa applications of MoodPrism currently in progress
are summarized in the following to illustrate the power of
flexible, real-time monitoring using this platform.
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Figure 4. Recommended steps for researchers engaging in the app development process.

development

*Develop research aims for app

*Engage app development firm

Pre *Recognize and reconcile differences in developers' and researchers' priorities
#Plan clear timeline of milestones and responsibilities

Initial

»Establish central communication platform

#Develop blueprints or wireframes

sHandover complete and final app content to developer
development| *Have app content approved by app development firm

Design
development

#Sign off on designs and visual mock-ups developed by app development firm
*Maintain regular communication and task sign offs
sInclude evaluation within app

*App beta version coded

Software
development sFeedback-informed changes

#Beta version distributed to testers for test period
sCollect feedback about test experiences

Promaotion

sUpload to app stores for distribution
*Develop promotional strategy to align with goals

Maintenance

*0Ongoing monitoring of bugs and feedback from users
#Regular updating to maintain currency with platform updates

Automated Prediction of Mental Health Risk

One of the most exciting promises for data-rich apps like
MoodPrism is the development of algorithms which alow
automated prediction of emotional health. This modeling could
determine the minimum number of constructs required to
reliably predict significant changes in emotional well-being,
which could be used to inform a more streamlined and
userfriendly app. Importantly, it is unlikely that any 1 or 2
variables will provide reliable prediction of such changes; a
strength of MoodPrismisthat it provides a breadth of variables
that can be used to answer diverse and important research
guestions. Various algorithms may be identified, for instance,
which discriminate between periods of stability and decline,
and MoodPrism could then unobtrusively monitor for this
change, and provide targeted mental health support to the user.
This extends previous research that demonstrates feasibility of
such modeling [40,41,71] by utilizing predictors already
established in previous research to be associated with mental
health (such as online social networking) rather than only those
mobile phone sensorsthat are convenient to record (such asapp
use and activity).

Improving Emotional Self-Awareness, Mental Health
Literacy, and Mental Health and Well-Being Outcomes

Bakker et al [36] detail how mental health apps can be
categorized as reflection-, education-, or problem-focused.
MoodPrism is largely a reflection-focused app aimed at
improving a user’s emotional self-awareness by encouraging
the user to report their thoughts, feelings, or behaviors and then
reflect upon them. There is also an education component in
MoodPrism that provides access to mental health information

http://mental .jmir.org/2016/4/e49/

and resources. Use of this type of mental health app may
therefore result in improvements in mental health and
well-being. Kauer et al [72] found evidence that using amobile
phone app that promotes self-reflection through mood tracking
can increase ESA and decrease depressive symptoms.
Furthermore, rigorous study is needed to explore the mental
health benefits of MoodPrism and other similar
reflection-focused or education-focused apps, as very few
randomized controlled trial s have been conducted to investigate
the efficacy of mental health apps [37]. Importantly, mobile
phone technology complementstraditional emotion monitoring
techniques such as CBT-based recording worksheets [73,74],
by increasing recording of subtle changes in behavior in real
time. Theinnovative pairing of changesin emotiona well-being
with rapid delivery of mental health information hasthe potential
to improve a user’'s access to relevant resources such as
Web-based health portals (eg, eheadspace, eHub), or local GPs
when it isneeded [75-77].

Leveraging Behavioral Data on Social Media to Gain
Insight Into Mental Health and Social Context

Usersof social networking sitesleaverich digital traces of their
social behavior, which includes the structure of their friendship
networks and the written interactions between connections
[78-80]. The quality of interactions on social network service
(SNS) has been shown to hold important relationships with
mental health. Positive interactions are associated with better
mental health outcomes, and negative interactions may
exacerbate menta illness [81-83]. However, how certain
individual characteristics might lead a user to gain benefit or
detriment from their SNS useisyet to be clearly described [84].
This requires access to both SNS data and the administration
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of psychometrically sound surveysto profilethe users of SNSs.
By profiling SNS users and better tapping into the
interindividual variation in SNS use, the accuracy of SNS
language models for mental health prediction could beimproved
[85] and some of the conflicting findings around the use of SNS
and its mental health impact could be disentangled [85].
Furthermore, apps like MoodPrism enable SNS data to be
associated in real time with ESM assessments of mood and
psychological surveys. Time-sensitive linking of self-reported
mood change and emotional expression in SNS posts may also
provide evidence to support the use of SNS data and language
analysisasatool for mood and mental health tracking overtime.

Predicting Resilience Patterns to Everyday Significant
Events

Event-based resilience research explores individual capacities
to maintain healthy psychological functioning in response to
naturally occurring stressor events [86,87]. Previous research
methodologies use cross-sectionally designed studies and
typicaly rely on retrospective reports [88-90]. These provide
only partial snapshots of an individual’s capacity for resilient
responding and can be subject to recall biases. The collection
of MoodPrism's daily reports of psychological well-being, as
well as the presence or absence of stressor events, is therefore
pertinent to advancing event-based resilient research
methodologies. Such methodological approaches alow for
multiple snapshots in mood responding that, when compiled,
create more representative, real-time observation of dynamic
fluctuations that occur in an individual’s mood responses to
stressor events. Such data will permit a more accurate
exploration and identification of the heterogeneous mood
trgjectories that individuals display following stressor
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experiences [85,87,91-93]. Favorable patterns of responding,
reflecting the maintenance of psychological functioning, can
be identified and profiled to explore important factors that
discriminate resilient individuals from other groups that reflect
less-resilient patterns of responding.

Conclusions

Development of mental health apps such as MoodPrism
maximize health impact by harnessing the opportunities offered
by mobile phone technology. Approximately, three quarters of
the US and Australian populations own a mobile phone, and
around 3 in 4 of those never leave home without their mobile
device [31,94]. People check their mobile phones up to 150
times a day [30], demonstrating that mobile devices offer
unprecedented access to everyday behavior. Incorporating
evidence-based monitoring of emotiona health into routine
mobile phone apps can provide a powerful and flexible
methodology for increasing persona control over one's own
emotional health. Capitalizing on inbuilt tools within mobile
phones—such as music players, voice recorders, and social
network media—to contribute datafurther enhancesthe potentia
of such apps to sensitively monitor emotional health over
extended periods of time, while remaining unobtrusive. People
(particularly young peopl€) often find mobile phonetechnologies
more engaging, anonymous, and less stigmatizing than other
means of accessing help, and therefore are much morelikely to
use this methodology [16]. The new technologies described in
this paper not only complement traditional approaches or
educational tools supporting mental health but also have the
potential to enhance their reach by overcoming many of the
barriers currently challenging the reliable surveillance of
emotional well-being.

Details on 3 forms of data (automatic, experience sampling, and psychological surveys) collected from MoodPrism.

[PDFE File (Adobe PDF File), 55KB - mental_v3i4e49 appl.pdf ]

Multimedia Appendix 2
Feedback generated by the subjects while using MoodPrism.

[PDE File (Adobe PDF File), 594K B - mental_v3i4e49_app2.pdf ]
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Abstract

Background: Social networking sites (SNSs) have become a pervasive part of modern culture, which may also affect mental
health.

Objective: The aim of this systematic review was to identify and summarize research examining depression and anxiety in the
context of SNSs. It also aimed to identify studies that complement the assessment of mental illness with measures of well-being
and examine moderators and mediators that add to the complexity of this environment.

Methods: A multidatabase search was performed. Papers published between January 2005 and June 2016 relevant to mental
illness (depression and anxiety only) were extracted and reviewed.

Results: Positive interactions, social support, and social connectedness on SNSs were consistently related to lower levels of
depression and anxiety, whereas negative interaction and social comparisons on SNSswere related to higher levels of depression
and anxiety. SNS use related to less loneliness and greater self-esteem and life satisfaction. Findings were mixed for frequency
of SNS use and number of SNS friends. Different patterns in the way individuals with depression and individuals with social
anxiety engage with SNSs are beginning to emerge.

Conclusions: The systematic review revealed many mixed findings between depression, anxiety, and SNS use. Methodology
has predominantly focused on self-report cross-sectional approaches; future research will benefit from leveraging real-time SNS
data over time. The evidence suggests that SNS use correlates with mental illness and well-being; however, whether this effect
is beneficial or detrimental depends at least partly on the quality of social factorsin the SNS environment. Understanding these
relationships will lead to better utilization of SNSsin their potential to positively influence mental health.

(JMIR Ment Health 2016;3(4):€50) doi:10.2196/mental.5842

KEYWORDS
depression; anxiety; social media; social networking; review, systematic; mental health; well-being

existsasto associationsthat SNS use may have with depression
and anxiety [2,3]. On the one hand, SNSs may protect from
Background mental illness, asthey support and enable socia interaction and

] ) ) connection [1,4], and alow users to reflect aspects of their
Social networking sites (SNSs) are Web-based plaiforms on jgentity and express emotion that may be relevant to their lived

which individuals connect with other users to generate and gy perience [5]. On the other hand, there are many opportunities
maintain social connections [1]. Considerable disagreement
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for miscommunications and mismanaged expectations, and
mal adaptive tendencies can be exaggerated, leaving individuals
feeling a greater sense of isolation [2,6]. As awhole, the SNS
environment may bejust as complex asface-to-faceinteractions.
As SNS membership continues to rise [7], it is becoming
increasingly important to address the possible benefits and
detriments the use of SNSs may have on mental health.

Affective disorders such as depression and anxiety have been
shown to have bidirectional interactions with the socia
environment that influence the path of illness onset and
maintenance [8]. Depression and anxiety have an approximate
prevalence of 4.7% and 7.3%, respectively, in the global
population [9,10]. These disorders have high levels of
comorbidity [11] and impact the quality of social relationships
[12,13]. Depression and anxiety may be implicated in
determining the size and structure of an individual’s social
network [12], the quality of interactions within these networks,
and how effectively socia capital may be leveraged or
developed to provide an individual with social support [8,14].

The social characteristics (both qualitative and structural)
affected by depression or anxiety are a so relevant to one's sense
of well-being. Current mental health theories suggest that the
presence of well-being is not the same as the absence of mental
illness; a complete model of mental health requires not just the
absence of psychopathol ogy, but also afocuson positiveindices
of functioning such as subjective well-being [15]. This is
particularly pertinent when exploring how the social
environment may affect an individual, as such environments
may simultaneously confer anumber of benefitsto theindividual
and exaggerate deficits[16-18].

Social aspects of the Internet have been argued to augment
socia relationshipsand support mental health. SNSsin particular
connect us to friends, family, colleagues, strangers, and
celebrities and can help users to maintain and make new
friendships, expressthoughts and feelings, and expressidentity
[1,4,19]. The primary social functions that SNSs perform may
augment the benefits of engaging in face-to-face interaction by
extending the reach and accessibility of our social networks
[20]. Indeed, SNS use is associated with lower levels of
loneliness and greater feelings of belonging (social
connectedness), social capital, and actual and perceived access
to social support and is generally associated with higher levels
of life satisfaction and self-esteem [6,21-26].

Asawhole, the positive social components of SNS use suggest
a protective role against depression and anxiety. For instance,
higher levels of self-esteem and life satisfaction may aid in
attenuating depressive symptoms [27]. Kraut et a [28] found
that frequent general Internet use did not increase depression
over time, and, in a second study, communication activities on
the Internet were shown to be associated with lower levels of
depressive symptoms[29]. Computer-mediated communication
(CMC; eg, email, instant messaging) allows users to express
and interpret emotion in asimilar way to face-to-faceinteraction
[17]. CMC may therefore be beneficial for emotion regulation
as has been demonstrated for offline forms of written emotional
expression [30,31].
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However, for individuals with depression or anxiety, the
interpretation and frequent exposure to this emotion may have
a negative impact [13]. SNS use may increase an individual’s
exposure to negative social interactions (eg, cyberbullying),
which may negatively impact mood and mental health [2]. For
example, negative interaction quality was associated with
decreasesin self-esteem and life satisfaction [32]. Even passive
exposure to the language used in SNS posts has been shown to
influence the emotive language subsequently expressed by the
receiving SNS user, where positive or negative emotions are
argued to transfer via contagion [33-35]. As SNSs explicitly
support a number of social features, the relationships and
interactions between the user, their emotional experience, and
Web-based technology are likely to be complex and may even
accentuate differences between those who aredoing well inlife
and those who are struggling.

Cognitive and social factors frequently emerge as both
moderators and mediators of the relationships between offline
social interactions or events and depression [36-38] and might
also occur in Web-based environments. For instance, self-esteem
mediates the pathway between relationship interactions and
depressive symptoms [39], but it might also moderate how a
person uses and is affected by the SNS. Rumination, aresponse
style where an individual maintains a passive and repetitive
focus on their distress [40], is one mechanism linking stressful
life events and the development or maintenance of depression
[41], and the SNS environment provides opportunity for aperson
to both internally ruminate on bad events and have an entire
socia network further accentuate shortcomings. Social support
has additionally been shown to moderate rel ationships between
stress and depression, with greater levelsof social support acting
as a buffer to depressive symptoms [42]. This is pertinent to
SNSs as they present a potential intervention opportunity for
developing and strengthening supportive social networks for
vulnerable individuals.

Objective

Since the advent of SNSs, a number of articles have been
published examining the relationship between SNS use and
depression and anxiety. The interaction between SNSs and our
mental health and well-being is clearly varied and complex.
The objective of this paper wasto provide a systematic review
of literature examining SNSs and their relationship with
depression and anxiety. It also considers links with well-being,
as well as potential mediators and moderators to these
relationships.

Methods

Sear ch Strategy

Figure 1 summarizes the search strategy and article selection.
A multidatabase search identified studies conducted between
January 2005 and June 2016. The databases included were
PsycINFO, MEDLINE (Ovid), Scopus, |EEE Xplore, CINAHL
(Cumulative Index to Nursing and Allied Health Literature),
Education Resources Information Center, Social Sciences
Citation Index, and Communication and Mass Media Compl ete.
The inclusion of conference papers accessed through |EEE
Xplorewasintended to capture the research within the computer
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sciences and engineering fields that may have been relevant to
the psychological literature.

Search termswere selected in order to comprehensively capture
the various ways mental health, mental illness, subjective
well-being, and SNSs have been defined and explored in the
existing literature.

SNSs were defined as conceptualized by Ellison and Boyd [1]
as sites that are a Web-based communication platform with 3
distinct characteristics: (1) user profiles are unique and created
through user-provided content and content provided by other
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users, (2) the network connections between individuals are
visible and can be navigated through by other users, and (3)
individuals can broadcast content and consume and interact
with content contributed by others in a continuous stream of
information. Prototypical examples of SNSsinclude Facebook,
Twitter, Myspace, and Instagram.

For mental health, search terms specifically focused on
depression and anxiety, as well as overall well-being (eg,
subjective well-being, psychological well-being, wellness; see
Figure 1 for full list of search terms).

Figure 1. Overview of search strategy and selection process for the systematic review.

Search in PsycINFO, MEDLINE (Ovid), Scopus, IEEE Xplore,
CINAHL, Education Resources Information Center, Social Sciences
Citation Index, and Communication and Mass Media Complete
(“online social network$™ OR “social media™ OR “social networking site$”
OR “social network site$” OR “Facebook™ OR “Twitter” OR *“MySpace™)
AND (“mental health” OR “mental iliness™ OR “affective disorder”™ OR
“depression” OR “anxiety” OR “well-being™ OR “wellbeing”™ OR
“emotional well-being” OR “psychological well-being” OR “mental well-

being” OR “subjective well-b
“cudaimonic well

AND (English [lang])

" OR “hedonic well-being” OR
" OR “wellness™)

AND (("01/01/20057 : “07/05/20147))

—

(n=5707)

Total number of abstracts reviewed

Excluded
(n=5195)

<

Full-Text Papers Reviewed
(n=512)

Excluded (with reason)
eg duplicates, case study
(n=210)

—

(n=302)

Full-Text Papers: Mental Health and Well-being

Exclusion of Papers NOT
addressing Depression or
Anxiety

—

(n=223)

(n=79)

Full-Text Papers: Depression and Anxiety

Excluded for Bias Criteria
(n=9)

11 11

G

Total Included in the Review
(n=70)

Inclusion and Exclusion Criteria

Studies were included if they had a primary focus on SNS use
as a behavior. As such, studies that referred to SNSs as a
recruitment method only or used SNSs as a means for
intervention delivery were excluded.

Articles were included if they provided results addressing
anxiety or depression directly and were excluded if they were
only referred to in the context of general psychological distress
(or similar). As the primary focus of the review was on
depression and anxiety, not the broader well-being construct,
articles addressing well-being were only included if they also
included specific reference to anxiety or depression.
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The search waslimited to articles published after 2005 to capture
research on the prototypical examples of SNSsthat include the
basic features of modern networks. Studies that had a primary
focuson the Internet, chat rooms, or online support forumswere
also excluded; athough they may contain some of the features
of SNSs, differencesin the function they perform for users may
exist [19].

Additionally, articles were restricted to English language,
peer-reviewed journal or conference proceedings, and
guantitative or mixed methodologies. Gray literature,
commentary and editorial, qualitative research, literature
reviews, and descriptive case studies were excluded.
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Data Extraction and Data Synthesis

Two raters (the first author and a trained research assistant)
reviewed all abstracts returned from the literature search and
selected abstracts for full-text reading based on the inclusion
and exclusion criteria. All articles that included measurement
of depression, anxiety, or well-being wereretained. The selected
full-text articleswere downloaded and reviewed by thefirst and
third authors.

To provide some preliminary evaluation of the strength of the
research, three risk of bias indicators were adapted from the
Cochranebiastool (Cochrane Handbook for Systermatic Reviews
of Interventions [43]), which classifies methodology that may
limit replicability or generalizability. Studies were rated to
indicate whether the study (1) included psychometricaly reliable
and valid measures, (2) used an external measurement criterion
for mental health, and (3) provided description of the sample
demographicsincluding some SNS activity statistics (eg, number
of friends and/or use frequency). These were rated by the first
and third authors from “0=No bias,” “1=Unclear risk of bias
and “2=High risk of bias” and were summed to create a final
score between 0 and 6. A linear weighted kappa statistic for
interrater reliability (.78, SE=.06) indicated that there was very
good agreement in applying the bias criteria. Consensus was
reached on all ratings. Articleswith arating of 3 or above were
excluded [44-52], resulting in the final set of 70 studies, as
presented in Multimedia Appendix 1.

Seabrook et al

From each article, the year of study, population of interest, type
of SNS, and variables used (anxiety, depression, well-being)
were noted, along with whether or not any formal mediators or
moderators of these relationships were indicated. Information
was then qualitatively synthesized to identify common themes.

Results

Description of Studies

Figure 2 indicates the number of articles addressing SNSs,
depression and anxiety, and well-being from 2005 through 20186,
based on the 302 full-text articlesinitialy reviewed. Therewere
considerably more articles addressing well-being alone than
articles only addressing depression and anxiety. Only 15 articles
included both positive and negative aspects of mental health.
This review includes the 70 articles that include depression or
anxiety only or depression or anxiety and well-being.

A total of 22 studies addressed potential moderators or mediators
in SNSs' relationship with depression or anxiety (see
Multimedia Appendix 1). Most articles obtained a bias rating
of 0to 1. Ratingsof 1 or above were primarily dueto thelimited
focus on reporting SNS activity statistics, such as the number
of friends or average frequency of use, which help characterize
the average SNS user in each sample. Facebook was the most
commonly explored SNSfollowed by the measurement of SNS
use as a general category (ie, no specific platform explored).
The mgjority of studies examined young adults (late teens or
early 20s).

Figure 2. Publication frequency of research into well-being, depression or anxiety only, and depression or anxiety with well-being from 2005 to June
2016, based on the initial 302 full text articles reviewed, which included quantitative findings. Case studies, editorials, literature reviews, and gray

literature were excluded.
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Depression, Anxiety, and Social Networking Sites:
Summary of Findings

Across the 70 articles, several general themes were apparent:
frequency of use, size and structure of the SNS, language
features and observable SNS activities, self-disclosure and
expression, quality of interactions, social support, social
connectivity, social comparison, addictive and problematic
behaviors, and physiological associations. Findings are
summarized in Multimedia Appendix 2 and are described below,
with particular attention to moderators and possible mechanisms
involved in the associations. As some articles were relevant to
multiple themes, these articles appear in multiple sections.
Studies that included well-being are also highlighted.

Freguency of Social Networking Site Use

Overdll, total frequency or time spent on SNSs had mixed
associations with depression and anxiety. Of the 30 studies
examining these variables (see Multimedia Appendix 2) [53-81],
8 studies found a direct positive association with depression
and 16 found a nonsignificant association. For anxiety (and
socia anxiety), 3 studies found direct positive associations and
7 found nonsignificant associations. With the exception of 1
study showing a significant negative association between
Facebook-specific social anxiety and the frequency of SNS use
[80], no studies supported an association between the frequent
use of SNSs and a lower level of anxiety or depressive
symptoms.

Several moderators appeared. In one study, the number of
strangersfollowed moderated frequent | nstagram use and greater
depressive symptoms, where a significant relationship only
occurred for those with high proportions of strangers in their
socia networks [68]. Similarly, time spent on Facebook was
only apredictor of depression and anxiety for those individuals
who have higher motives to use the site for social connection
[73].
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Associations may be affected by the study design. Studies
utilizing an experience sampling method (ESM) to collect SNS
use frequency over 1 to 2 weeks found no significant
associations between SNS use frequency and depressive
symptoms over time[61,63,77]. Indeed, across 2 studies, while
Steers et al [77] found a positive association between the time
spent on Facebook and depression when using a retrospective
survey, this effect was nonsignificant when participants
completed daily ESM diaries. In addition, 2 studies [54,56]
conducted a 3-week follow-up and demonstrated no change in
depressive or anxiety symptoms over time asafunction of SNS
use frequency.

Tendenciestoward depressive rumination and corumination did
not moderate associ ations, suggesting that the frequency of SNS
use may not be a significant risk factor for depression even
acrossvarying cognitive styles[54]. Kross et a [63] additionally
included depression as amaoderator of the relationship between
thefrequency of daily SNS use and affective well-being (ratings
of negative affect) and cognitive well-being (life satisfaction).
Although more frequent SNS use was associated with more
negative affect and lower life satisfaction across a 2-week
period, depression did not moderate these associations.

A number of studies have made a more nuanced consideration
of SNS use frequency by looking at the different functions of
use of SNSs [54,56,69,74-76,78]. Table 1 presents how these
broad functions have been defined in the literature and presents
some example behaviors. It aso provides the Cronbach alphas
that have been reported for the measures of each function. The
table shows a distinction between passive and active use
(broad-level functions). Active use may further be divided into
content production and interactive communication functions.
Thetable also showswhere behaviors may be enacted in public
(entire SNS friend network audience) or in private (dyads or
small selected audience).

Table 1. Broad functions of socia networking site use and example behaviors.

Passive use
(alpha=.77-.88)2[75,78]

Content production (public)
(alpha=.52)2[75]

Active social use
(alpha=.83-.86)2[69,76]
I nteractive communication

(alpha=.80)2[75]

Example
behaviors

Checking or reading friends’ profilesor posts
Browsing the newsfeed

Status updates
Updating profile pictures

Chatting in messages (private)
Posting on friends’ walls (public)

Image management (maintaining profile  Posting comments on statuses (public)
information)

8Cronbach alphasindicating the internal consistency of measures defining functions of social networking site use as defined in the reviewed literature.

In general, passive uses of SNSs was not directly related to
depression and anxiety, but there may be differential behavioral
patterns for individuals high in depression or socia anxiety
[75,78]. Higher levels of social anxiety weresignificantly related
to passive uses of Facebook but not to content production uses
of Facebook [75]. Brooding, or anxious rumination, emerged
asamediator of the relationship between passive Facebook use
and social anxiety and may be a cognitive risk factor for
increasing socia anxiety symptoms where passive Facebook
use is frequent. Tandoc et a [78] found that Facebook envy

http://mental.jmir.org/2016/4/e50/

mediated frequent passive Facebook use and depression, where
lower levels of Facebook envy resulted in a direct effect of
passive Facebook use reducing depressive symptomsand higher
levels of envy led to greater depressive symptoms.

Active uses of SNSs demonstrate amore complex relationship.
Shaw et a [75] found that depressive symptoms positively
correlated with more frequent content production and interactive
communications. McCord et a [69] showed that the frequency
of socia Facebook usedid not predict social anxiety intheentire
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sample but was positively correlated with anxiety for a high
anxiety group only.

Simoncic et a [76] suggested that personality and gender
moderate the association of frequent active uses of Facebook
(content production and interactive communication) and
depression and may be protective. The study found athree-way
interaction between gender, Facebook active uses, and
neuroticism, such that lower depressive symptoms occurred in
females who were high in neuroticism and actively used
Facebook.

Size and Structure of Social Network on Social
Networking Sites

The size of the SNSfriendship network and its association with
depression and anxiety has similarly yielded mixed findings.
Fernandez et al [57] and Weidmann and Levinson [82] found
significant negative relationships between social anxiety and
the number of friends, and Park et al [83], Park et a [84], Rae
and Lonborg [73], and Rosen et a [74] found this same
relationship direction when examining depression. Rae and
Lonborg [73] found that a greater number of friends on
Facebook was associated with higher general positive affect
and life satisfaction, when use of the site was motivated by
maintaining friendships. The remaining studies demonstrated
no significant relationship between the number of SNSfriends,
depression, or anxiety [53,57,64,67,71,73,78,79,85,86].

Specific friend categories have also been examined. Tsai et a
[87] found that users accepting the friend request of an
ex-partner tend to have higher levels of trait anxiety and
depression severity than those who reect the request.
Mota-Pereira [88] demonstrated that for individuas with
treatment-resistant major depressive disorder (MDD) also
currently taking antidepressants, the use of Facebook over a
3-month period significantly reduced depressive symptoms,
compared with a no-Facebook control, and the addition of a
“psychiatrist as a friend” showed significantly faster
improvement in depressive symptoms. Such findings suggest
a broad beneficia impact of SNS use when treatment is
augmented by friends from a user’s network.

The structure of the network itself may make a difference. For
instance, Homan et a [89] revealed significant differencesin
the network structures of individualswith depression and those
without onan LGBTQ (leshian, gay, bisexual, transgender, and
queer) support SNS, TrevorSpace. Individuals without
depression had significantly more integrated friendship networks
on the SNS compared with depressed individuals, with their
friends being more likely to know each other and also having
ahigher proportion of friendswho do not know each other. For
the depressed group this could indicate they have less diverse
social networks. Peer-selected groups have the potential to offer
social support to depressed individuals, whereas groups over
which the user had less control may contribute further exposure
to psychological distress[90].

Language Features and Observable Social Networking
Site Activity

A number of articles have examined the language features in
SNS posts, with the potential for identifying individuals with
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depression. SNSuserswith depression differ from userswithout
depression in that they express negative affect more frequently,
use more personal pronouns, and generally have lower
frequencies of interaction with others in their SNS network
[91,92]. Park et a [93] have shown that individuals with a
diagnosis of MDD more frequently post negative sentiment
than those who are not depressed, and Moreno and colleagues
[85,94] demonstrated that depression could be identified in the
language used in the Facebook posts of college students based
on the Diagnostic and Statistical Manual of Mental Disorders
(Fourth Edition) criteriafor MDD.

Settani and Marengo [95] directly examined the expressed
emoation in participant status updates and generated an automated
word count from the emotion dictionaries of the Italian version
of Linguistic Inquiry and Word Count (LIWC), which was a so
supplemented with emoticons. Providing face validity, the
frequency of word use from the negative emotion and sadness
LIWC subscales positively correlated with depression, while
the anger subscale positively correlated with anxiety. Positive
emotion was unrelated to depression or anxiety scores.
Interestingly, only the relationship between the sadness subscale
and anxiety remained statistically significant when examining
individuals older than 25 years.

In addition to language features, the time of posting, relative
volume of posts, and reciprocity (likes and comments, tweets
and retweets) may also aid in describing individuals with and
without depression, with depression correl ating with more night
activity and less volume and reciprocity than nondepressed
peers[84,91,96]. Over multipleweeks, there may also be subtle
variation across time [96]. Park et a [84] provided evidence
indicating that, for individuals experiencing acute depression
(or arelative increase in their symptom severity), there is an
increasein their posting frequency over a 6-month period. This
isconsistent with Shaw and colleagues’ [75] findingsindicating
those with higher depressive symptoms engage in content
production features on Facebook frequently.

The number of identity items on SNS users' profile page have
also been associated with both depression and social anxiety
scores [57,82,97]. For example, listing a“Single” relationship
statusrelatesto higher levels of social anxiety [82]. Thisrelated
to the quantity of information provided in specific areas of a
user’sprofileinformation (eg, TV, Books, Quotes, Music; [57]).
Although some of the specific findings are mixed [57,82,98],
studies generally suggest that social anxiety may be visible on
SN Ssthrough compensatory behaviors (increasesin information
disclosure) or through relative inactivity or social withdrawal
[57,82].

Social Networking Sites for Self-Disclosure and
Expression

At abroad level, it has been suggested that users of Facebook
have lower levels of social anxiety than nonusers, suggesting
that there might be a selection effect, such that SNS activities
are unattractive to individuals high in social anxiety [99].
However, this depends on the social media platform. Baker and
Moore [100] showed that, for new Myspace users, those who
intended to use the site for blogging had higher mean depression
and anxiety ratings than those who did not intend to blog. These
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individuals were also more likely than nonbloggers to feel
dissatisfaction with their social networks and had a greater
likelihood to use self-blame and venting coping strategies.
Average levels of depression and anxiety among the bloggers
were maintained across a 2-month period, although there was
a trend in some symptoms being reduced and a significant
increase in feelings of social integration and satisfaction with
online and offline friendships [101]. Similarly, grof3e Deters
and Mehl [102] found that depressive symptoms remained stable
through an intervention, although loneliness decreased via
feelings of social connectedness.

Social anxiety is associated with an increased preference for
SNS-mediated communication [103] and relates to differences
in the depth of self-disclosure via public (status updates) or
private (eg, messages) communication on SNSs. For individuals
with higher levels of social anxiety, greater importanceis placed
on the need for reduced socia cuesand increased controllability
of communication [59,104]. This leads to greater disinhibition
and Facebook self-disclosure for private SNS communication
only and not for public SNS communication [59]. Green et al
[59] suggest that this may be related to the trust, audience size,
and privacy differences between private and public
communication on SNSs, which may position private SNS
communication as more attractive and accessiblefor individuals
highin socia anxiety. Similarly, Baker and Jeske [80] suggested
that assertiveness on Facebook (the ease with which an
individual offers opinion or interacts with others) is lower for
individuals high in social anxiety compared with those low in
social anxiety.

A potential explanation for the self-disclosure activities of
individuals with high social anxiety on SNSs may be related to
motivations or perceived pressure to present an idealized
self-image or to avoid presenting a negative image on SNSs
[86,105,106]. Motivations to avoid presenting a negative
self-image have been found to be a greater concern for
individuals who had experienced high social anxiety the
previous day and does not vary according to levels of perceived
social competence [105]. Similarly, frequent impression
management (including updating profile information) on SNSs
is positively related with depression [74].

Frequently expressing positive or negative affect (emotional
valence) in SNS status updates has also been shown to relate
to depression and may be mediated by rumination [67]. In
contrast, positive and negative expression appears to be
unrelated to social anxiety [98]. Positive and negative
self-disclosures may, instead, impact the quantity of social
reciprocity an individual with social anxiety receives [98]. For
example, when individual s higher in social anxiety post positive
status updates, this generates more pronounced increasein social
feedback (likes) than when positive posts are made by those
low in social anxiety or when posts have low positive content
[98].

Quality of Interactions

Considerable evidence suggests a link between the quality of
interactions on SNSs and mental health. Studies have
operationalized SNSinteraction quality as either the perceived
(when self-rated) or observed (when coded by experimenters)

http://mental.jmir.org/2016/4/e50/

Seabrook et al

valence of interactions between friends and the user on SNSs.
Items often refer to a global estimate of “How positive [or
negative] are your interactions with people on Facebook” [54]
or, where coded, the frequency of positive or negative sentiment
expressed in comments on posts [103]. This differs from the
frequency of social or interactive communication on SNSs,
discussed above, which refers to the estimated frequency or
total time spent engaging in these activities.

Depression is generally associated with fewer positive
interactions and more negative interactions on SNSs
[54,56,103,107,108]. Socia and global anxiety similarly relate
to the perception of negative quality interactions on SNSs
[56,107]. Depressed individuals may use SNSs in a more
problematic manner than do anxious individuals [56], thus
creating negative interactions. For instance, symptomsrecorded
at the age of 13 years significantly predicted a reduced
likelihood of receiving comments that contained deviancy talk
from SNS peers at the age of 20 years, however, symptoms at
the age of 20 years predicted a greater instance of verbally
abusive comments from peers [103]. The findings of Frison et
al [81] also suggest that depressive symptoms are a risk factor
for peer victimization on Facebook. Moberg and Anestis[108]
have additionally shown that, when controlling for theinfluence
of depressive symptoms on perceived negative interactions on
SNSs, greater ratings of negative interactions predict feelings
of thwarted bel ongingness (disconnection), apotential risk factor
for suicidal desire.

Depressive rumination and corumination may moderate
associations between the perception of SNSinteraction quality
and depression. In 2 studies, Davilaet a [54] showed that those
with higher levels of depressive rumination exhibited a stronger
relationship between the frequency of perceived negative
interactions on SNSs and greater depressive symptoms.
Although corumination (ie, “excessive discussion of problems
within friendships’; [54] p73) did not emerge as a significant
moderator, it did yield a number of relationships with other
variables, notably, feeling down or depressed after interactions
on SNSs and a greater frequency of SNS use. The quality of
use also relatesto intentions for continued SNS use. Belief that
online communities are dangerous, including concerns about
privacy and the potential to encounter hostile or negative
interactions, has been shown to be a potential antecedent of
online and general social anxiety and their link to reduced
continuance intention of wusing Facebook for social
communication [109].

Associations may depend in part on the methodologies used.
When researchers have directly observed and coded thelanguage
of comments made to an SNS user by their friends, it has been
shown that a greater level of social anxiety at age 20 years was
a significant predictor of more positive supportive comments
from SNS friends and fewer negative peer interactions [103].
Thisisin contrast with the research utilizing self-report survey
methods that show more frequent reporting of negative
interactionsfor those with high levels of depression and anxiety
symptoms [54,56,107]. This discrepancy suggests there may
be arole for perceptual biasin a participant’s interpretation of
the quality of interactions to which they are exposed on SNSs.
In this light, individuals with higher levels of depression and

JMIR Ment Health 2016 | vol. 3| iss. 4 |e50 | p.65
(page number not for citation purposes)


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

JMIR MENTAL HEALTH

anxiety may be more inclined to interpret or perceive SNS
interaction as more negative regardless of the communication
content exchanged between users. The potential for such a
perceptual biasin interpreting SNS interactions has also been
suggested in reference to socia support perceptions and is
further discussed below (see Park et al [93]).

Social Support

Social support plays a mixed and varied role within the SNS
environment. Studies suggest that individuals with higher
depressive symptoms perceive their SNS friend networks as
providing them with less social support than they actually
receive[93] and that SNS socia support seeking may exacerbate
depressed mood for some individuals [110]. Perception of
support appearsto be moreimportant than actual support. Across
2 studies, Park et al [93] showed that in the general population
greater depressive symptoms were associated with more actual
social support on status updates that contained negative emotion.
In contrast, perceived support was negatively associated with
depression, and higher depressive symptoms were associated
with agreater discrepancy between actual and perceived social
support. Frison and Eggermont [110] similarly found that
depressed mood increased in adolescents when social support
was sought on Facebook but perceived to not occur. Other
research has also demonstrated the protective role of perceived
social support in ameliorating the impact of SNS peer
victimization on depression [81].

For anxiety, social support provided on SNSs may play a
protectiverole. Indian and Grieve [111] found that perceptions
of Facebook social support were only predictive of subjective
well-being for individualswith high levels of socia anxiety and
not for those reporting low levels of socia anxiety. Furthermore,
in the high social anxiety group, perceived Facebook social
support was the only significant predictor of subjective
well-being, suggesting that SNS social support may provide
unique benefitsto individualswith high level s of social anxiety.

The nature of seeking social support on SNSs may differ from
traditional face-to-face approaches [110,112]. Some evidence
suggests that emotional support provided by Facebook can
increase depressive symptoms and decrease quality of life[112].
It may depend in part on the characteristics of the user. For
example, SNSusers' perceived communication competence—an
overall evaluation of communication skillsand behaviors—plays
a role in determining the level of satisfaction they fed is
generated from their SNS social support. Wright et a [79]
demonstrated that better perceived communi cation competence
predicted higher ratings of both face-to-face social support and
Facebook social support satisfaction, which in turn were
significantly negatively related to depression.

Social Connectedness

Facebook social connectedness encompasses subjective feelings
of belonging and closeness to an individual’s social network
[113]. Grieve et @ [113] demonstrated that higher levels of
Facebook social connectedness were related to lower levels of
depression and anxiety and higher levels of subjective
well-being (life satisfaction). Feelings of social connectedness
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may mediate the impact an increase in posting behavior has on
decreasing loneliness[102].

Social Comparison

Social comparison on SNSs, where individuals compare
themselves as having more positive (downward comparison)
or negative (upward comparison) qualities than others, is a
significant risk factor for depresson and anxiety
[68,77,114,115]. Several studies found that Facebook envy, a
hostile evaluation of others from their social information on
SNSs, isassociated with higher ratings of depressive symptoms
[78,116]. Lee [114] found that depression and anxiety were
positively related to the frequency of social comparison on
Facebook. Feinstein et a [115] extended these findings by
revealing rumination as a mediator in the relationship between
negative (upward) socia comparison on Facebook and
depressive symptoms. This relationship changed over time; at
a 3-week follow up, more frequent negative social comparison
on Facebook was associated with increases in rumination and
a subsequent increase of depressive symptoms.

Appel et a [116] examined how depression may influence an
SNS user’s interpretation of the profile information of other
users. Individuals with depression were more likely to rate
themselves as being unhappier (or inferior) in comparison with
profiles of any type (attractive or unattractive) than those without
depression. Individual swith depression also experienced greater
envy than those without depression in response to viewing the
unattractive profile, with this difference being greater after
viewing the attractive profile.

Social comparison of any direction (upward, nondirectional, or
downward) may also indirectly mediate the association between
the time spent on Facebook and depression. Across 2 studies,
as individuals spend more time on Facebook they engage in
more frequent negative (upward) and nondirectional social
comparison and less positive (downward) social comparison,
which in turn relates to more depressive symptoms [77].

Envy potentially plays a destructive role in passive Facebook
use (eg, viewing or browsing profiles; see Table 1). Where
Facebook envy is high, greater frequency of passive Facebook
useis associated with greater depressive symptoms, and where
Facebook envy is low (or not present), passive Facebook use
is associated with reduced depressive symptoms [78]. Indeed,
research into Instagram (a photo-sharing SNS) [68] has shown
that more positive (downward) social comparisonsare associated
with decreased depressive symptoms. Socia network
composition, additionally, may moderate the relationship
between frequent Instagram use and increases in depressive
symptoms via social comparison [68].

Addictive or Problematic Social Networking Site Use

“SNS addiction” and “problematic SNS use” are linked with
depression and anxiety [58,60,62,65,104,106,117-121], although
associations most likely are bidirectional in nature. It has been
suggested that such maladaptive SNS use is only present for a
small subset of users [62,106], although one study suggested
that 41.9% of adolescents had a Facebook addiction [119].
While depression and social anxiety explain much of the
variance in problematic SNS use or SNS addiction, other
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variables (younger age, male, and more frequent SNS or general
Internet use) have also emerged as significant predictors
[58,62,118]. Through cluster analysis, Moreau et a [120]
showed that problematic Facebook use is most prevalent in
individuals high in borderline personality traits and depressive
and social anxiety symptoms compared with groupslow inthose
symptoms or high in sensation seeking (but low in
psychopathology). Their findings may indicate considerable
comorbidity between psychopathological symptoms and SNS
addiction.

Wegmann et al [121] suggested that depressive symptoms and
social anxiety have both a significant direct relationship with
SNS-specific addiction and a partialy mediated pathway to
SNS-specific addiction via 2 cognitive styles: self-regulation
and Internet use expectancies. In these pathways, higher levels
of depression and anxiety are related to lower levels of
self-regulation, which arein turn related to higher SNS-specific
addiction scores. Internet use expectancies, the perception that
the Internet can aid in increasing pleasure and decreasing
negativity, were greater for those with higher depression or
anxiety symptoms, which again lead to greater vulnerability for
SNS-specific addiction. They suggest that depression and social
anxiety may predispose SNS users to these cognitive styles.

In contrast, Andreassen et al [117] found that while socia
anxiety was positively related to addictive SNS use, depression
was negatively related to addictive SNS use. This was
interpreted as reflecting social withdrawal characteristics of
depression and CMC's social compensation for individualswith
social anxiety [117]. Indeed, addiction and the compensatory
uses of SNSs have been demonstrated to be related to higher
levels of social anxiety [106]. Some evidence suggests that the
addictive use of SNSs arises from the need to compensate for
the social functions affected by social anxiety symptoms. Casale
and Fioravanti [104], for example, show that addressing unmet
face-to-face social needs, such as the need to belong, to be
perceived as socially competent, and to be assertive in
communication, may drive problematic SNS use. However,
associations may depend on gender. For males and females, a
direct association between social anxiety and problematic SNS
use has been demonstrated; however, a significant mediator
(motivationsfor competent self-presentation) in thisrelationship
only emerged for males [104]. Lee-Won et a [65] suggested
that when the need for social reassurance (ie, motivations to
seek social interactions and feelings of belonging) is high or
moderate, the relationship between social anxiety and
problematic SNS useis strengthened. Thus, social anxiety may
only be arisk factor for problematic use of SNSs where the
need for socia connection is also high.

Physiology and Facebook

Finaly, one study examined the impact of Facebook or
face-to-face exposure as a primer for physiological arousa
[122]. Arousal was greater for individuals when observing
someone face-to-face after browsing their Facebook profilethan
for individual s exposed to aface-to-face encounter followed by
the Facebook condition. Social anxiety was a significant
moderator, with amore pronounced increasein arousal for those
high in socia anxiety, particularly in the Facebook than
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face-to-face exposure. The authors suggested that for the high
socia anxiety group, theinitial exposureto Facebook may prime
social comparison and self-presentation concerns for the
subsequent face-to-face meeting. However, asemotional valence
was not measured, it is unclear if the arousal experienced by
participants was perceived as a positive or negative event.

Discussion

Principal Findings

This systematic review examined associations between SNS
use and anxiety and depression. Across 70 studies reviewed, a
number of positive and negative correlates have been suggested,
as well as moderators and mechanisms of these associations.
On the basis of this review, it is likely that there are differing
engagement and interactional styles on SNSsfor users highin
social anxiety and depression. These may be driven or defined
by both symptoms and motives to compensate for needs that
are not met face-to-face. Negative interactions, frequent social
comparison, and SNS addiction or problematic use are related
to higher levels of depression and anxiety. Furthermore,
cognitive response styles such as rumination or brooding may
exacerbate the negative interactions between SNS use,
depression, or anxiety for some individuals.

While these potential risks exist for mental health, it is also
clear that SN'Ss can provide considerable benefitsto their users.
Positive quality interactions, socia support, and socia
connectedness most consistently related to lower levels of
depression and anxiety. Social support and connectedness
derived from SNS use may be uniquely beneficial toindividuals
with socia anxiety who are unable to access these resources
face-to-face. However, especialy for those with depression,
some evidence suggests that there is adiscrepancy between the
perceptions of interaction quality and social support and the
actual content of their SNS communications, which may
attenuate the potentia positive impacts of SNS use.

Across a number of studies, observable SNS features such as
language use and expressions of identity on user profiles have
been demonstrated to provide insight into the depression and
anxiety status of the SNS user. With continuing research these
characteristicsmay beauseful tool for monitoring mental health.
The content and quality of interactions on SNSs may provide
the clearest candidates for monitoring depression and anxiety
and may be potential intervention targets for improving mental
health and well-being through engaging with SNSs.

Social Aspects of Social Networking Sites

Across studies, social aspects, including feelings of socia
support, social connectedness, and positive interaction quality,
emerged as protective factorsfor SNS users. The SNS network
structureitself may play animportant rolein supporting mental
health, in that some platforms may better provide social
resourcesto individualswith depression. Indeed, moreintegrated
social networks on SNSs were associated with lower levels of
depression [89]. Studies suggest that social support and social
connectedness derived from SNSs are constructs distinct from
general social support or connectedness [111,113]. SNSs may
therefore be contributing additional benefit to their users by
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creating another domain in which individuals can access, or
have greater perceived accessto, social support, especially with
individuals for whom face-to-face interaction is difficult
[123-125]. The broad and visibly articulated social context on
SNSs may contribute to the feeling of social connectedness
derived from SN Ss and its association with better mental health
outcomes [126]. As such, SNSs may provide an environment
where those already high in social skills and resources are
benefiting from their cumulative sources of social support
(“rich-get-richer”; see[28]) aswell asaugmenting social support
access for those who have difficulties engaging face-to-face
[111,123-125].

Consistent with offline research, the perception of socia support
appears to be more important than actual support [126-128].
Findings demonstrated that perceived social support was greater
in those with lower depression scores and that perceived
communication competence may contributeto thisrelationship
[79,93]. Greater perceived positive interaction quality and
greater reciprocity in interactions are also indicative of lower
depression and anxiety. Similarly, Vakenburg et a [32]
demonstrated higher levels of life satisfaction and self-esteem
for those who frequently reported positive peer experiences on
SNSs. However, aspects of the individual that drive depressive
feelings and socia anxiety, greater use of negative language,
and cognitive aspects such associal comparison and rumination,
can prevent the user from perceiving support that is actually
there [93], further contributing to depressive or anxious
symptoms.

Emational Aspects of Social Networking Sites

The valence of posts on SNSs may both reflect and impact
depression and anxiety. I ndividual s scoring higher on depression
scalesinthereviewed studies generally expressed more negative
affect on SNSs and were more likely to perceive negative
interactions. Theway individualsinterpret emotional and social
content on SNSs may place depression as antecedent to
maladaptive SNS use, which may, in turn, maintain depressive
symptoms. For individuals who are already depressed,
ambiguous interactions are often interpreted as negative
[13,129], which may attenuate the potential benefits available
through SNS use.

Evidence suggests that frequent positive expressions are
associated with better mental health, and frequent negative
expressions are associated with depression and poorer life
satisfaction [67,91,96]. While therapeutic writing can provide
some benefits in reducing distress and improving well-being
[30,31], online writing may serve a different function, with
Web-based expressions reflecting the lived experience of the
individual (eg, [91,130-132]), rather than providing atherapeutic
outlet. Indeed, relative increases in posting frequency were
shown to be associated with greater depressive symptoms [84].
For others, the presence of social anxiety may hinder the use of
posting functionsfor emotional disclosure on SNSs[59], which
may decrease access to potential social interaction [98]. As
emotional content can be effectively communicated on the Web
[133], SNSs represent another space in which positive and
negative interactions can be enacted and may provide key
behavioral insights into the mental health and well-being of a
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SNS user. Alternatively, increases in self-expression on SNSs
may be more beneficial to well-being domains (such as
connectedness, social support, and life satisfaction) but may
not have an impact on depression or anxiety. A direct
comparison of these relationships has not been conducted, and
might be an area to investigate in the future.

Cognitive Aspects as M echanisms and M oder ators

The prominent risk factors for depression and anxiety that
emerged from this review included frequent SNS social
comparison, negative perceived interaction quality, addictive
or problematic SNS use, and rumination (or brooding). These
factors represent cognitive and interactional styles that have
well-established associations with depression and anxiety but
may be enhanced by the enduring nature of social content on
SNSs. Although thetotal frequency of SNS use does not appear
to be directly related to either depression or anxiety, there are
different moderating and mediating factors [68,73,77,78] and
patternsin the functions of SNS use by individual s with higher
depression or anxiety that may contribute to or exacerbate
symptoms [69,74-76,78].

One of the risk factors for depression and an individua's
interaction with SNSs was rumination. Greater rumination is
frequently associated with higher ratings of depression and also
impacts well-being by maintaining a focus on negative affect
[134,135]. Ruminationisalikely mechanismfor therelationship
between negative interactions with SNSs and depression based
onitsrolein SNS negative emotional expression [67] and social
comparison [115]. Thereis considerable potential for SNSsto
amplify and assist ruminative processes by exposing SNS users
to a constant stream of rich socia information that can be
selectively reflected on as permanent content on auser’sprofile
[54,115].

Similar to depression, the cognitive risk factorsfor social anxiety
include social comparison (viabrooding) and the perception of
frequent negative interactions. However, the pathway to and
importance of these risk factors may differ from depression. In
contrast to those with depression, those high in social anxiety
mainly use SNSs for passive browsing and private
communication, not for content production [75]. The passive
uses of SNSs may place individuals at greater risk of more
frequent social comparison, which may have negative mental
health effects [114]. This differs from the relative benefit of
content production on SNSs for an individua with social
anxiety, as posts are often rated as being more appreciated by
friends in the network [98], which may have a flow-on effect
to the perception of SNS-derived socia support [111] and may
even reflect more positive interactions with peers [103].

The reduced socia cues on SNSs may be attractive to
individua swith socia anxiety, as has previoudy been suggested
in the general Internet literature [124]. However, the need to
compensate for a lack of belonging and social reassurance in
face-to-face interactions, in conjunction with lower
self-regulation, may drive problematic SNS use for individuals
with social anxiety [65,104,106,117]. Similarly, these motives
may also contributeto individualswith social anxiety generating
more content on their profile pages than others [57], and for
those highest in social anxiety it may contribute to a higher
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frequency of SNS use [69]. On the whole, there appear to be a
number of well-being benefits to using SNSs for individuals
high in social anxiety that cannot be gained in face-to-face
interactions; however, the pattern of SNS use may negatively
affect other domains.

Mixed Resultsand Nonpredictors

The frequency of SNS use as a whole suggested no clear
association with depression and anxiety. Longitudinal research
suggeststhat depression and anxiety remain stablein the context
of how frequently a user engages with SNSs [54,56,61,63,77]
and the function of use holds clearer associations with
depression and anxiety [ 75]. Thisis consistent with the literature
examining general Internet use where total frequency of useis
often not apredi ctor of depression, particularly when examining
the social features of the Internet [28,125]. For example, when
examining different functions on the Internet, Morgan and
Cotten [29] showed that more hours spent using the Internet for
socia activities (IM’ing, chat rooms) are associated with
decreased levels of depression and that informational uses and
gaming are associated with increases in depression.

While total SNS use may not affect psychopathology, it may
be related to subjective well-being. This was illustrated in the
study by Kross et al [63], in which more frequent SNS use was
related to experiencing more negative affect and reducing life
satisfaction. As frequent experience of negative affect may
contribute to the onset and maintenance of depression, itislikely
that a pathway to poorer mental health outcomes exists viathe
impact SNS use has on the frequency of experiencing positive
and negative emotions [54,63,67]. Additionally, other SNS
features and cognitive processes (eg, network size, structure,
and composition, tendency to ruminate, frequent social
comparison) may be moreinformative in describing the impact
frequent SNS use has on mental health.

In contrast with the literature examining social network size
and structure offline [12,136], SNS friendship network size, on
the whole, was not associated with depression or anxiety.
However, some evidence has shown distinct network structure
differences between individuals with depression and those
without in terms of the interconnection between friends within
a network [84]. Individuals with depression or anxiety have
previously been shown to have more impoverished social
networks, and changes in mental health are often associated
with changes in an individual’s social network [12,137].
Impoverished social networks are often a risk factor for
depression and anxiety by reducing accessto “ buffering” social
support and increasing feelings of isolation [138-140]. They
may also result from poor-quality socia interactions, often
typical of depression and anxiety [137].

The absence of aclear association between depression or anxiety
and the number of friends on SNSs may be explained by one
of the magjor differences between the offline and online social
networks; that is, the way friendships are maintained over time.
As SNSsdo not necessitate direct social interaction to maintain
the status of “friendship,” many users may not actively redefine
their networks [141]. It islikely that the social pruning and the
dissolution of socia ties associated with mental illnesses such
as depression and anxiety may not be visible on SNSs. Social
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pruning does occur for many SNS users (eg, 63% of American
SNS users endorsed that they had removed friends from the
“friends’ list; [141]), but how comprehensively this behavior
is performed remains unknown. Therefore, change in mental
health status for SNS users may not be as accurately detected
by a decreased socia network size online as it may be when
observing offline networks. Other metrics, such as
communication output and reci procity, may be moreinformative
in describing the social network changes associated with
depression and anxiety. For instance, De Choudhury et al [91]
demonstrated that the volume of tweets and the associated
replieswere reduced in Twitter userswith depression compared
with those withouit.

Strengthsand Limitations

As with any study, there are both strengths and limitations of
this review. We included a basic criterion for bias that focused
on evaluating the methodology of studies, which considered
whether papersincluded (1) the use of psychometrically reliable
and valid measures; (2) an external measurement criterion for
mental health; and (3) description of sample demographicsthat
included basic SNS user activity statistics. Only 9 studies were
excluded for bias, suggesting that there is relative strength in
defining the variables of interest in thisfield. However, agreater
focus on defining the SNS characteristics of the sample is
required.

The review attempted to characterize the research in terms of
the populations and specific SNSs that have been studied.
Studies have focused rather narrowly on the young adult
population. Whilethese individual s tend to represent the highest
membership category of SNSs, recent estimates have suggested
that SNS use is becoming more evenly represented across the
life span, with morethan 50% of older Internet users (65+ years)
now also using SNSs[7]. Thisisanimportant consideration for
future research as the social connection that may be gained
through SNSs may provide more benefit for older users as
quality of the interactions, particularly through language use,
may vary significantly over the life span [142].

Despite the systematic approach to this review, the identified
themesare not exhaustive. Other themes such asthe differences
between SNS users and nonusers and SNS use motives may
have been extracted and more explicitly discussed. The
discussion of results was limited to the depression or anxiety
context and did not discuss findings outside this scope.
Well-being, which clearly isbecoming agrowing area of interest
(Figure 1), was only included if there was aso a focus on
depression or anxiety. Future studies might extend to other
aspects of mental illness and wellness.

Finally, although we identified some moderating characteristics,
few studies have considered individual differences such as
gender and personality and their interaction with SNSvariables.
Future studies might give greater attention to how characteristics
of usersimpact the identified factors.

Implications and Future Directions

Theresults of thissystematic review haverevealed considerable
support for theimportance of examining the content and quality
of theinteractions auser haswith SNSs. As such, the language
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used in interactions on SNSs could become atarget of interest,
particularly as it has been shown to be sensitive in identifying
individuals with depression [91,92,94,143]. Further research
should also focus on theinterplay between the network structure
components and dynamic interactions observable on SNSs. The
SNSfriend structure could be instrumental in defining the type
and efficiency with which social resources may be accessed on
SNSs. Examining network structure in concert with the quality
of interactions, characteristics such as perceived social support,
and mental health could providerich explanationsfor why some
people benefit from SNS use and others are placed at risk,
echoing the detailed social network research that has occurred
offline (eg, [12]).

Only afew studiesin this review utilized SNS-derived data to
answer their research questions. The majority focused on the
use of self-report survey and relied on participant estimates of
their SN'S behaviors, which may have introduced considerable
retrospective bias. This bias was addressed to some extent by
including ESMs that more accurately sample a participant’'s
lived experience [144]. The studies directly observing SNS
behaviors indicate that the mental health status of SNS users
may be at least partly derived from their patterns of use,
language expression, and profile information. These findings
provide more weight to the potential of using computational
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science techniques within psychological research, particularly
in characterizing well-being in large community samples
[33-35,145,146], as well as predicting personality [147]; see
also [148]. In reference to depression and anxiety, SNS data
hold huge potentia for early identification and time-sensitive
monitoring of symptoms [143]. SNS data should be leveraged
in future research as a part of ESMs to provide real-time,
unobtrusive accounts of social behavior in a natural setting.

Conclusions

This systematic review examined the recent research on
associations between SNSs and depression and anxiety. It
examined findings in association with the suggested mediators
and moderators and the links made with well-being. With more
than 50% of adults using multiple SNSs [7], they permeate
many aspects of daily life. For many, SNSs represent away to
socialy connect with others. However, for others, SNSs may
encourage and perpetuate maladaptive tendencies. SNSs
maintain and reflect the complexities of the offline social
environment and the risks and benefits it may pose to mental
health. SNSs represent a novel, unobtrusive, real-time way to
observe and leverage mental health and well-being information
in a natural setting, with the ultimate potential to positively
influence mental health.
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Abstract

Background: Developing effective, unguided I nternet interventions for mental health represents a challenge. Without structured
human guidance, engagement with these interventions is often limited and the effectiveness reduced. If their effectiveness can
be increased, they have great potential for broad, low-cost dissemination. Improving unguided Internet interventions for mental
health requires arenewed focus on the proposed underlying mechanisms of symptom improvement and the involvement of target
users from the outset.

Objective: Theaim of our study was to develop an unguided e-mental health intervention for distressin primary care patients,
drawing on meta-theory of psychotherapeutic change and utilizing the person-based approach (PBA) to guideiterative qualitative
piloting with patients.

Methods: Common factors meta-theory informed the selection and structure of therapeutic content, enabling flexibility whilst
retaining the proposed necessary ingredients for effectiveness. A logic model was designed outlining intervention components
and proposed mechanisms underlying improvement. The PBA provided aframework for systematically incorporating target-user
perspective into the intervention development. Primary care patients (N=20) who had consulted with emotional distress in the
last 12 months took part in exploratory qualitative interviews, and a subsample (n=13) undertook think-aloud interviews with a
prototype of the intervention.

Results:. A flexibleintervention was developed, to be used as and when patients need, diverting from a more traditional, linear
approach. Based on the in-depth qualitative findings, disorder terms such as “depression” were avoided, and discussions of
psychological symptoms were placed in the context of stressful life events. Think-aloud interviews showed that patients were
positive about the design and structure of the intervention. On the basis of patient feedback, modifications were made to increase
immediate access to all therapeutic techniques.

Conclusions: Detailing theoretical assumptions underlying Internet interventions for mental health, and integrating this approach
with systematic in-depth qualitative research with target patients is important. These strategies may provide novel ways for
addressing the challenges of unguided delivery. Theresulting intervention, Healthy Paths, will be evaluated in primary care-based
randomized controlled trials, and deployed as a massive open online intervention (MOOI).
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Introduction

Background

Research on Internet interventions for common mental health
problems is maturing. Numerous systematic reviews have
demonstrated the effectiveness of guided Internet interventions
for reducing depression and anxiety [1-3], with meta-analyses
showing that effect sizes can be equivalent to face-to-face
psychotherapy [4]. In contrast, unguided Internet interventions
for mental health have been more problematic. Removing
structured human guidance frequently resultsin low use, high
attrition, and reduced effectiveness [5-7], leading some to call
for unguided formats to be avoided [8]. However, if the
challenges of unguided interventions can be addressed, they
have the potential to be a low-cost, minimally disruptive,
self-directed therapeutic resource [9], with a high chance of
successful implementation in health care systems, particularly
where resources are limited. This format also has the greatest
potential to enable mental health interventions to be delivered
globally [10-12]. Addressing the challenges of unguided delivery
may regquire bespoke interventions. The development of such
interventions provides opportunities to explore theories
underlying therapeutic content and novel development
approaches.

Themajority of Internet interventionsfor depression and anxiety
emulate face-to-face psychotherapy protocols, predominantly
based on cognitive behavior therapy (CBT) [13]. Internet CBT
interventions often consist of multiple sessionsforming alinear
“e-course” Importantly, the therapeutic content in unguided
CBT interventions is usualy very similar to their guided
counterparts [14]. In an unguided context, without the support
and guidance of atherapeutic relationship, critical elements of
CBT [15], standard CBT rationales and specific techniques,
may be difficult to adhere to [16,17]. Thisis aso likely to be
true of other forms of therapy where central ideas are complex
(eg, brief psychodynamic therapy) [18]. In order to design
effective unguided interventions, the unguided context may
need to be considered throughout the devel opment process, with
the resulting interventions structured differently and featuring
different and/or amended content to guided interventions.

Ideally, when looking to develop a novel unguided Internet
intervention, we would turn to the literature on how
psychotherapy-derived interventions work; ensuring critical
elements are included where possible, and nothing is lost that
would have been beneficial. In redity, although there are many
evidence-based psychotherapies (EBPs) for depression, [19]
there is little evidence regarding which elements of these
complex interventions are necessary for effectiveness [20].
Theory may serve as a useful guide. At the level of specific
psychotherapeutic approach, however, most EBPs are based on
adiverserange of corresponding theories, from Beck’s cognitive
theory [21] to Weismann's interpersonal theory of depression
[22], with varying level s of supporting evidence. Consequently,

http://mental.jmir.org/2016/4/e53/

we propose that meta-theory and, in particular, “common
factors” models may be helpful [23]. Common factors models
arose from psychological, sociological, and anthropological
theories around how humans manage disease and reduce distress
[24,25]. They comprise sets of key factors and/or ingredients
necessary for beneficial change, and have been developed to
explain the consistently robust finding that different “active’
or bonafide psychotherapeutic interventions lead to equivalent
effectiveness [26]. These models represent theories about how
psychotherapiesin general produce effect; so operate at ahigher
level of abstraction than theindividual theories associated with
each therapeutic approach. They may provide a useful
overarching guide for amending existing intervention manuals
for suitability in an unguided context, whilst retaining their
effectiveness.

Although the therapeutic relationship is a key common factor
there are a number of remaining factors that transfer well onto
unguided Internet interventions including (1) a functional
explanation for a person’s symptoms; (2) an aligning coherent
therapeutic rationale for the reduction of symptoms; (3)
techniques for ameliorating symptoms or training in skills to
be utilized to feel more effective in handling daily life; (4) use
of techniques and/or skills in the person’s daily life; and (5)
attribution of improvement to the person’sincreased skillfulness
and understanding [24,27,28]. All factors are likely to be
important; however, particular emphasisis often placed on the
role of explanation and therapeutic rationale in generating
positive response expectancies [29-32] and novel insight [33].

Effective interventions such as CBT contain all of the above,
although specific theories (eg, cognitive mediation) and practices
(eg, correcting automatic thoughts) will be emphasized in
treatment protocols. Applying acommon factor model enables
us to modify, restructure, and potentially remove el ements that
could be difficult without guidance (automatic thought
challenging for instance), whilst ensuring the modified
intervention remains within the bounds of arobust meta-theory
of effectiveness.

The flexibility inherent in common factor models provides a
great deal of scope for the integration of user experience and
perspectives when devel oping unguided I nternet interventions.
Understanding users’ perceptions of the target symptom aswell
astheintervention content islikely to becritical for engagement,
which is often poor when guidance is removed. The
person-based approach (PBA) is a systematic method for
integrating in-depth qualitative research into intervention
development [34,35]. Emerging from the development of
Internet interventions for physical health within health
psychology, it aims to ensure interventions are grounded in “a
profound understanding of the perspective and psychosocial
context of the people who will use them” [35]. The PBA is
highly compatible with, and sympathetic to, similar
methodologies such as participatory and user-centered design
[36,37] in the field of human-computer interaction (HCI).
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However, the PBA aso has significant differences from
participatory design methods. The PBA wasdeveloped to allow
integration of the user perspective into theory- and
evidence-based approaches to intervention design. In addition,
developing from health psychology, the PBA has an explicit
focus on the behavior change and symptom management aspects
of user experiences. As such, the PBA can be used in the
development of digital and non-digital intervention alike,
drawing on users perspectives to guide the application of
evidence and theory, with afocus on ensuring engagement. In
addition to guiding qualitative investigations, the PBA promotes
an approach that respects autonomy and attempts to ensure an
empathic understanding of the user is clear throughout
intervention content.

In-depth qualitative research conducted in the development of
Internet interventionsfor mental health remainsrelatively novel.
The qualitative research that has been conducted has primarily
been nested within randomized controlled trials (RCTs) of
Internet interventions for depression (for a review see [38]).
Whilst thisresearch isvaluable for devel oping broad principles
to explore more generally, conducting in-depth qualitative
research as part of development processes enables users' views
and experiences to be rapidly incorporated directly into the
resulting interventions.

The Current Study

In this paper we aim to describe the development of the
unguided Internet intervention “ Healthy Paths Through Stress”
(Short name: Healthy Paths), designed to support primary care
patientsin reducing emotiona distress. Sub-threshold depressive
symptomsare prevalent in primary care patients, with estimates
as high as 45% [39]. Despite not meeting criteria for major
depression, these symptoms lead to substantial functional
disahility, and can lead to the onset of major depressive disorder
[39,40]. Patients experiencing this level of symptom burden
may be suitable for unguided interventions. However, the
content of full Internet CBT might seem less relevant to these
patients if their symptoms are not being driven by established
cognitive and behavioral patterns characteristic of diagnosed
depressive disorder [21]. Our objectives were to (1) draw on a
common factor model to select and modify established theory
and evidence-based approaches; and (2) use the PBA to ensure
the resulting unguided intervention has the greatest potential
for both engagement and effectiveness.

Methods

Applying a Common Factor M odel

The five common factors we aimed to ensure our intervention,
Healthy Paths, included and/or promoted are as follows: (1) a
functional explanation for aperson’ssymptoms, (2) an aligning
coherent therapeutic rationale for improvement, (3) therapeutic
techniques for ameliorating symptoms that align with the
rationale, (4) use of techniques and skills in the person’s daily
life, and (5) attribution of improvement to the person’sincreased
skillfulness and understanding.

http://mental.jmir.org/2016/4/e53/
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Factors 1 and 2: Selecting a Functional Explanation
for Symptomsand Coherent Rationalefor | mprovement

It is common for general practitioners (GPs) to point to
difficulties in diagnosing psychological disorders in patients,
as many present with social and/or environmental issues and
what seem to be “problems of living” [41]. As such we wanted
to draw on an overarching approach to the content of the
intervention that incorporated social and environmental stressors
into the explanations provided. Ricardo F Mufioz has devel oped
an approach to preventing and treating depression that may be
particularly relevant for distress in primary care. For 39 years
Mufioz has practiced and taught at San Francisco Genera
Hospital (SFGH), a public hospital that primarily serves a
low-income, ethnically diverse, multilingual population. This
led to the development of an approach with explicit focus on
the formidabl e stressors faced daily by the populations SFGH
serves[11]. Therapeutic manualswerewritten with an emphasis
on what Mufioz has termed “The Healthy Management of
Redlity” [42], an approach that incorporates social learning
theory [43], particularly reciprocal determinism and elements
of CBT. The central tenet is that it is possible for individuals
to use their thoughts and behaviors to manage their reality in a
“healthy” way, that is, a way likely to lead to good outcomes
for theindividual and those around them [42]. Thereisan overt
focus on individuals' external reality (stressors), and internal
reality (thoughts, feelings, and moods), ensuring rationales apply
to those whose psychological symptoms may primarily be a
responseto crisis, acute or chronic environmental stressorssuch
as illness, unemployment or familial issues, al of which are
prominent in primary care practice presentations.

Factor 3: Therapeutic Techniques Aligning With
Explanation and Rationale

Mufoz's depression prevention manuals formed a basis for
selecting techniques that we considered most suitable for
unguided use. Suitability was based primarily on (1) the
simplicity of the technique; (2) the likelihood of reinforcement
during or soon after the practice; and (3) inclusion in
evidence-based interventions. The first two factors are
paramount, as patients are likely to be attempting to engage
with material when their moods are low or they are experiencing
emotional upset, often in the presence of enduring life stressors.
Without the support and guidance of atherapist, techniquesthat
are difficult and/or likely to be beneficial only after days or
weeks of consistent use, may |ead to disengagement and reduce
effectiveness [5]. Based on these parameters cognitive
restructuring techniques were excluded and self-monitoring
techniques were included as potentialy helpful, but made
optional. Simple behavioral activation techniqueswereincluded
as key strategies. Behavioral activation is an important part of
Mufioz's manuals [44], and is noted for both its simplicity and
effectivenessin the treatment and prevention of depression [45].
A number of techniques from mindfulness-based approaches
were aso incorporated including body scanning, 3-minute
breathing spaces, walking with awareness, and simple
self-compassion exercises, al of which met our above criteria.

With the overarching rationadle focusing on the healthy
management of reality, we wanted to ensure the individual
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techniques were contextualized in a systematic framework, to
strengthen coherence and avoid the tools provided appearing
like a collection of disparate techniques. We proposed that
helpful thoughts and behaviorsfall into two groups: increasing
awareness and making changes. | ncreasing awareness includes
strategies such as self-monitoring (increasing awareness of
thoughts and behaviors in the past), and mindfulness-based
approaches (increasing present moment awareness of thoughts
and behaviors). Making changes includes behavioral activation
strategies (increasing the frequency of pleasant activities),
simple cognitive tasks (increasing the frequency of helpful
thoughts), and self-kindness practices. We suggested that both
approachesworked well together, but that people may bedrawn
to one over the other. Emphasis was placed on encouraging the
use of approaches individuals found engaging and useful.

The evidenceto date suggeststhat in linear unguided programs,
most individuals tend to use the first session, and then not go
further [6,14]. Thisisanissueif the main therapeutic techniques
in the program are introduced in later sessions. In addition,
Donkin et al [46] found that there does not appear to beasimple
linear relationship between total use or suggested techniques
and the measurable benefit. This relationship is complex and
still not sufficiently understood. To acknowledge this, we
suggested our intervention should be used when it was needed,
and all therapeutic techniques could be accessed immediately.
The only requirement we made was that individuals should be
tunneled through the introduction and rational e sections of the
intervention on their first login, a requirement based on the
importance placed on the therapeutic rationale by common
factors models[25,28]. Theintroduction and rationale sections
could be skipped at subsequent logins. Linear ways of using
the techniques were suggested for those who might value this
approach, but primarily the emphasis was on using the
intervention in away that worked best for the individual. This
isconsistent with an autonomy-supportive approach [47], which
islikely to becritical for promoting engagement with unguided
programs. In addition, thereis evidencethat I nternet intervention
usersare ableto pick the elements (kernel s) within aparticipant
preference trial that are relevant to their needs, and that when
they do so, they are more likely to reach their goal [48].

In order to have some variance in a system that is non-linear,
following the tunneling through the rationales, 3 routes or
“paths’ were provided to arange of specific techniques grouped
under increasing awareness or making changes. Path 1 enables
users to explore al the techniques and choose for themselves.
Path 2 provides examples of different ways of dealing with
difficulties, and recommends increasing awareness or making
changes, depending on which way of dealing usersfeel applies
most to them, whereas path 3 provides an emotion-specific
recommendation option; users select their dominant feeling at
the time (eg, sadness, anger or worry), and the intervention
makes a recommendation based on that selection.

http://mental.jmir.org/2016/4/e53/
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Healthy Paths could be described as having amodular structure,
asit fulfills many of the criteria Chorpita et a [49] require for
modularity. Healthy Paths consists of 12 “content modules’
containing atherapeutic technique that could be used alone, or
in combination with others, and 4 coordination modules (the
introductory module and 3 paths modules) that provide
overarching ways of thinking about the Healthy Paths approach,
and guidance on which content module to select. A key
difference with the examples of modular protocols described
by Chorpita et a [49] is that in Healthy Paths the user
self-guides regarding the choice of modules, rather than a
therapist who assesses patients' needs. There is also overlap
with our focus on techniques and Embry and Biglan's [50]
concept of selecting evidence-based “kernels’; irreducible
components that may affect symptoms or behavior change.

We aimed to make going through the intervention a visually
reinforcing and appealing experience to enhance intrinsic
motivation to use the material. Beyond text and audio content,
we included hi-resolution nature images on the mgjority of the
pages. As well as adding to the general positive feel of the
intervention, thereisabody of evidenceto suggest that viewing
nature imagesfacilitates cognitive restoration [51], and can also
improve mood [52]. Therationale for theimageswas explained
in the intervention.

Factors 4 and 5: Use of Techniques and Skillsin the
Person’s Daily Life, and Attribution of | mprovement to
the Person’s I ncreased Skillfulness and Understanding

These important common factors are inherent in unguided
Internet interventions. In face-to-face psychotherapy,
improvement may be attributed to the therapist, whereas in
antidepressant treatment, improvement is often attributed to the
medication. When the primary delivery mechanism is text and
audio, thereisgreat potential for usersto attribute improvements
to their own development and new techniques learned.

Intervention Logic M odel

Creating logic models as part of the development process
highlight assumptions' researchers make about their
interventions and how they produce changein symptoms. Logic
models developed in public health interventions are now
explicitly recommended in UK guidance on process studies
[53]. Essentially, they are a visua representation of how
interventions and their components may affect change (ie, the
proposed mechanisms). We suggest that explicitly outlining
logic models early in the intervention development cycle may
facilitate discussion and debate regarding critical ingredients,
and how interventions might be amended to become more
suitable for different contexts, based on proposed mechanisms.
A logic model for Healthy Paths can be found in Figure 1.
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Figurel. A logic model for Healthy Paths.
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+ Improving sieep + Sodial engagement with - Social isolation
* incressing sctivities with others aothers = Coping leading to
+ Improved sleep conflict
Complexity in mental health intervention logic models
Theory and evidence suggests that any of these may work singularly or in ion to affect

Using the Per son-Based Approach

The PBA has a number of elements that can be applied to
intervention development, systematizing the involvement of
target user groups. The three that will be discussed here are (1)
exploratory qualitative interviews; (2) guiding principles; and
(3) think-aloud interviews with early intervention prototypes.
All elements are iterative, often occurring in parallel. Guiding
principles are developed and amended throughout the process.
Importantly, our aimisto usethe PBA to inform the application
of theory and evidence-based techniques in our unguided
Internet intervention. This emphasis differs from how some
may use participatory or co-design methods, with users
themselves recommending and generating content.

Exploratory Qualitative | nterviews

We conducted in-depth qualitative interviewsto explore primary
care patients’ experience of distress and to ensure our theory
and evidence-based material was contextualized appropriately.
Full methodological details have been described el sawhere [54].
Briefly, 20 patients were recruited from 10 UK primary care
practices. Practices were asked to identify patients who had
consulted in the last 12 months and the GP had placed a
“distress’ code in their notes, but did not diagnose with major
depressive disorder or treated with antidepressants. Patients
with aPatient Health Questionnaire-9 (PHQ-9) score of greater
than 14 were excluded on the basis of likelihood of major
depressive disorder. Interested patients consented to participate
and were interviewed at their home or at their primary care
practice. The first part of the interview was exploratory and
focused on their experience of distress more generally (for full
details see [54]), as well as their perceptions of Internet
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interventions. Interviews were conducted iteratively, in blocks
of 3 or 4 over 2 weeks across a 9-month period. Theinterviews
ranged in length from approximately 1 to 1.5 hours. A
semi-structured interview guide was used and amended as the
interviews went on to focus on points of interest. Patients
provided informed consent, and the study was approved by the
National Health Service (NHS) Research Ethics Committee
(REC reference: 12/SC/0352). All interviews were fully
transcribed, and a thematic analysis [55] was conducted with
the resulting interview data.

Think-Aloud Qualitative | nterviews

From the above sample, 13 patients undertook qualitative
think-aloud interview [56]. In this interview participants went
through early prototype versions of Healthy Paths on alaptop,
with aresearcher (JIMS) who prompted them to “think-aloud”
as they went through each page. In addition to assessing the
usability of the intervention, participants were encouraged to
describe their perceptions of the rationales, therapeutic
techniques, and how theserelated to their experience of distress.
All think-aloud interviews were transcribed verbatim.

For the current paper, the primary analyses included data from
the open-ended interviews regarding participants views on
Internet interventions in general and all think-aloud data. A
thematic analytic approach was taken [55], drawing on methods
of constant comparison [57]. AG read and reread all transcripts,
and proceeded with open coding. A coding manual was
developed by AG and reviewed by JMS. All potential
amendments to the coding manual and themes were discussed
between AG and JM S and added where there was agreement.
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Results

Table 1. Demographic characteristics (N=20).

Geraghty et a

For a description of the participants baseline characteristics,

see Table 1.

Demographic characteristic

Participants, n (%)

Ageinyears, mean (SD)

Gender, female

Marital status

Single
Married
Cohabiting
Divorced
Widowed

Ethnicity

White
Indian

Other

Age since left education, mean (SD)

Qualifications

No formal educational qualifications
GCSE¥O levels or similar
A levels or similar, ONCOND®

Diploma (non degree) HNCY/HNDE
Degree

Postgraduate degree

Other

Employment

Full-time employment

Not in employment due to long-term sickness
Part-time employment

Retired

Self-employed (full-time or part-time)
Unemployed

Income, £

<10,000
10,000-20,000
20,001-40,000
>40,000

Not provided

51 (16.5)
15 (75%)

4 (20%)
10 (50%)
1 (5%)
4(20%)
1 (5%)

18 (90%)
1 (5%)

1 (5%)
18 (2.9)

3 (15%)
3 (15%)
2 (10%)
3 (15%)
5 (25%)
1(5%)

3 (15%)

7 (35%)
2 (10%)
4(20%)
4 (20%)
2 (10%)
1 (5%)

3 (15%)
3 (15%)
8 (40%)
5 (25%)
1 (5%)

8GCSE: General Certificate of Secondary Education.

boNe: Ordinary Nationa Certificate.
®OND: Ordinary National Diploma.
9HNC: Higher National Certificate.
®HND: Higher National Diploma.
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Exploratory Interviews

Theexploratory interview findings on participants’ experiences
of distress are described in full elsewhere [54]. In summary,
participants reported severe affective experiences, despite not
being diagnosed with depression. The magjority of patients
disruptive affective experience was tied to complex life
difficulties including chronic illness, caring roles following
family or spouse serious mental and/or physical illness,
unemployment, bereavement, bullying at work or relationship
breakdown. Often multiple stressors coincided leading to the
consultation with the GP. These stressors were described as
overwhelming participants’ ability to cope. Terms like
“depression” were used with different meanings (mood vs
mental illness); however, anumber of participantswere cautious
and sought to distance themsel ves from notions of “depression.”

Based on the exploratory interview dataon patients’ experience
of distress, the tone of the material was adjusted to ensure it
was positive but acknowledged the difficulty and/or seriousness
of stressful life eventslikely to lead to use of the interventions.
The use of cartoons was avoided throughout, on the basis that
they could be perceived as making light of users’ circumstances.
Descriptions of difficulty were grounded in life experiences,
and we avoided the use of words like depression and mentions
of mental disorder or illness.

Analysis of patients’ perceptions of Internet interventions in
the exploratory interviews resulted in 4 primary themes, which
are discussed in turn below.

Positive Perceptions

The majority of participants were positive about the idea of
using I nternet interventions to manage distress, suggesting that
Internet interventions could be used as asource of guidance and
coping strategies in times of difficulty.

So it is having that sort of guidance as well and |
mean even now | write stuff down so that | can go
back to that. So if you have got it on the Internet you
cangotoit and, you know, give yourself...get yourself
back. [Female, 26]

| think a lot of problems is just having a lack of
knowledge or information......or it could belike having
coping strategies and thingslike that. Um, so if those
could be fulfilled then yeah, | can't see there being a
problem. [Male, 40]

Managing Flare-Ups

Some participants suggested that they would use an Internet
intervention as a resource to manage “flare-ups’ in their
affective experiences. This supported the idea of proposing
Healthy Paths be used as and when patients feel is necessary.
It also provides a possible indication of why linear, unguided

multisession interventions may be used infrequently by those
with sub-threshold symptoms.

http://mental.jmir.org/2016/4/e53/
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I mean at the moment, yeah, | wouldlook at it umand
if | did have another flare up, yeah, | probably most
certainly would have another good look at it but um,
I don't think it will be something that | would
continually... because | tend to when it’s gone, that's
it forget it and just carry on with things. [Female, 61]

It's there to sort of when, you know, when the alarm
is going off | should go ok, just to get some
perspective on what's happening and just to quiet the
alarm down for a minute... what would be key is to
have in people’'s minds is this trigger, stress um, go
to that Internet site and then the sooner that can
happen the sooner they can work through whatever
is stressing themout. [Male, 39]

Concerns

Therewereasmall number participantswho had concerns about
Internet interventions. These concerns centered on self-help
websites replacing time with a GP, and the necessity for
face-to-face contact when dealing with emotional problems.
When recommending Healthy Paths, it would be important for
GPs to ensure patients understand that the intervention is in
addition to, rather than in place of their usual primary care.

| think it's possibly just a way of um taking away
face-to-face contact with people. [Female, 50]

Trust and Credible Source

Some participants talked about the importance of trusting the
source of the information, when considering whether they would
use an Internet intervention to manage distress.

That issomething that | would... because |’ ve spoken
to you, yes, | would go on there because | know it is
genuine... and it has come from the doctor as well,
so it does make it totally different. [Female, 63]

As Healthy Paths has been developed initially for primary care
patients, although delivered as unguided, it is likely to be
recommended by a GP. This link to a trusted health care
practitioner via a trusted health care pathway may increase
uptake and engagement.

Development of Guiding Principles

On the basis of our exploratory qualitative interviews, theory,
and evidence a set of guiding principles were developed for
Healthy Paths (Textbox 1). Guiding principles, features of the
PBA, are short statements of intervention design objectives and
key features of the intervention design that can meet these
objectives. Theaim of guiding principlesisto succinctly capture
what is unique or distinctive about the intervention. As such,
they are useful when working on development in large
multidisciplinary teams, particularly where development will
occur in iterations over a number of years; ensuring members
stay on track and work toward the same goals.
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Textbox 1. Guiding principles for the Healthy Paths intervention.
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«  Autonomous motivation will be fostered by:
. Providing choice;

«  Giving explanations for why suggestions might be helpful;

of environmental and social causes.

Intervention design objectives and the key features that may achieve these objectives
«  Todesign material for an unguided context, focusing on simplicity and maximizing intrinsic motivation to engage.
«  Ensure materia issimple, informative, and as original as possible.
«  Selected techniques should have potential for reinforcement or to be rewarding with little behavioral commitment.

«  Navigation should be straightforward, whilst providing different ways of engaging with the material.

« Using non-directive language throughout such as atone that invites rather than instructs [35].

. Tooffer material suitable for broad range of primary care patients experiencing emotional distress.

« Include content with aprimary focus on corefeelings, thoughts, and behaviors common to many distress experiences, with an acknowledgment

« Included content will seek to demedicalize experiences, through avoidance of "terms such as“menta illness’ and “psychological disorder.”

Think-Aloud Interviews

Analysis of think-aloud data resulted in 6 positive themes
relating to aspects of the intervention and 4 negative themes
relating to difficulties. The negative themes guided intervention
amendments. Primary themes with examples are summarized
below.

Look and Feel

Throughout the think-aloud interviews, participants were
generally positive about the look and feel of the intervention.
In particular participants often suggested the look and layout
was calming.

I like the whole look of it actually because it feels
calm. It sounds stupid but the colors are right.
[Female, 61]

Given that it's to do with stress it seems quite nice
and calming; yes, nice layout, easy to read so the
layout is nice. [Female, 39]

Specific I ntervention Explanations and Rationales

The majority of participants suggested that the therapeutic
rationales were clear, and the ideas made sense. Participants
talked about the importance of having different options to
support them through their experiences. They also mentioned
the importance of simplicity and messages being to the point.

| think that's a good idea because it is different for
different people and it is a path and it takes a long
time and, yes, | think that's a good way of putting it,
actually. It's not an immediate thing and a path, it's
a way to go; it might be a short time, it might be a
long time and that is the best way of describing it,
really. [Female, 26]

It's nice and quite to the point, there's not too many
hidden meanings or anything behind what the
message is, so that's good. [Female, 24]

http://mental.jmir.org/2016/4/e53/

Content in General

Participants reported feeling that they could relate to the content.
They valued the direction the intervention provided and
emphasized the positive aspects of having the information
broken into small sections.

Right, you seethat’squite good, | think, isn't it really,
because it's saying what are you like, right ok, this
is the path for you. You know, that’s directing you. |
think that’s quite good. [Male, 68]

If | came in and said, “WAll, | don’'t know what to
do”, supposing it happened to me, I'd think well, what
should | do? And then I've had a positive feedback
to tell me to do such and such a thing... [Female, 88]

| think that the information isinteresting. It's broken
into chunks, easily absorbed, especially I'm just
thinking if I'm feeling more stressed than | am now
thenitisnice and calming to read it and it's inviting
toread it. [Female, 39]

Usability Difficulties

On early versions of the intervention, some participants
suggested that rationales were too extensive, and they were
looking for a way to get directly to techniques to help them.
Subsequently, the intervention was amended to signpost how
the intervention would work, and inform users that following
the first login, they could skip all rationales and go directly to
the therapeutic techniques.

I think really people who are anxious or worried
they're not thinking straight at that time are they,
their thoughts are irrational, so are they going to sit
down and plot through something like this when all
they want is relief from the way they are feeling? So
| think a straight line to the techniques—yeah, | agree
you have got to put all of the background in and the
understanding and why it is happening and all that,
and that's going to be beneficial to a lot of
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people—um, but | think, you know, cutting to the
techniques... [Male, 66]

Concerns With | mages

Initially, asmall number of natureimageswere used toillustrate
feelings that were being discussed in the content, for instance
dark clouds for low mood. Some participants did not like these
images, leading to their removal. We then ensured all nature
images depicted uplifting scenes.

Dark and dismal. | don't like it. [what about] a nice
blue sky, it's sky isn't it, and clouds? A bluer sky,
nicer, I'd rather see. Maybe I'm wrong, maybe when
you're—no that would make you even lower. [ Femal e,
69]

Complexity of Text

In the increasing awareness section (based on mindfulness
approaches), some participants suggested that rationales were
too complex. Following this being noted, all sections were
broken down to ensure the material as was straightforward as
possible.

[P reading material] “ The difference with walking
with awarenessisthat we deliberately choseto notice

Figure 2. Screenshot of Healthy Peths.

M HEALTHY PATHS
@Y THROUGH STRESS
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more of the actual experience of walking” Yeah. |
just think that that could be said in a more simplistic
way. And some people may appreciate that. [Male,
66]

I ssues With Explanations

Although all efforts were made to ensure simplicity in the
description of ideas, if the idea itself was very straightforward
or not novel, it was picked up as being “obvious.”

It'sstating the obviousain't it, * Hel pful thoughts help
you achieve a positive mood, harmful thoughts
produce a more negative mood' . [Male, 66]

As such, efforts were made to reduce or remove these obvious
statements throughout the intervention. Where the team felt it
wasimportant to keep them, we ensured thiswas acknowledged,
for instance, by prefixing a section with “this may seem
obvious...” and going on to explain why it was still important
to mention.

Overall, both the open-ended and think-aloud interviews were
used to ensure the theory and evidence informed intervention
was thoroughly grounded in the lived experiences of the target
users. A screenshot from the intervention is shown in Figure 2.

Increasing awareness: Thoughts

The techniques below will help you increase your

awareness of how you think.

3 minute breathing space

Body scan

Monitoring thoughts

_Return to Paths -

Discussion

Principal Findings
This paper describes our approach to developing an unguided
Internet intervention. Common factor meta-theory guided the
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selection of and amendments to the evidence-based content,
with the aim of retaining effectiveness in an unguided context.
The PBA was used to guide theintegration of users’ perspectives
into the devel opment process, aswell asensure material fostered
autonomy. Both exploratory and think-aloud elements led to
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amendments and adaptationsto the theory- and evidence-based
content aimed at improving engagement. Subsequently, the
majority of participantsfound our intervention to beinformative,
ableto relate to their experiences, and to be acceptable.

In Healthy Paths, users are encouraged to engage with the
intervention in a way that suits them, particularly in times of
need. This deviates from approaches employed by previous
researchers, where Internet interventions for mental health are
structured so that sessions or modules recap and build on each
other in a progression over time [58,59]. Our aim is to foster
intrinsic and autonomous motivation to use the intervention as
far as possible. Avoiding the learning course structure may be
important to reach and retain those with lower levels of
educational attainment, where elements reflective of a more
extrinsic approach (eg, completing sessions within set time
intervals, homework worksheets etc) may be particularly
off-putting. If initial interest is driven by a user’s autonomous
motivation to reduce their symptoms, and then when using the
intervention they find it to be apositive, reinforcing experience,
this may lead to sustained motivation for usein the future. This
approach acknowledges that symptoms are often a primary
driver of adherence and engagement across a number of aress;
the presence of pain is related to greater adherence to
physiotherapy exercises[60], and increase in symptomsislinked
to greater adherence to antidepressant medication [61].

We believe this is the first application of the PBA to the
development of an Internet intervention targeting mental health.
Our approach to development differs substantially from other
development examples. For example, Landback et a [62] used
a product design methodology without qualitative user input
when developing an Internet intervention for preventing
adolescent depression in primary care; Sheeber et a [58]
developed and modified their intervention for preventing
post-partum depression primarily on theoretical grounds; and
Tiburcio et a [63] devel oped an intervention for substance abuse
and depressive symptoms including 20 users, although their
input did not go beyond usability aspects of the intervention.
The PBA ensures sound usability testing principlesare enriched
with users’ experience of their symptoms, and their perceptions
regarding the suitability of approaches in relation to those
symptoms.

The development of alogic model [53,64] for our intervention
represents a novel application of this approach to the mental
health field. With developer’s assumptions clear from the outset,
it becomes easier to observe and address challenges, and
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subsequently adapt theory collaboratively. In combination with
in-depth user perspective, thistheory and person-based approach
may take us closer to understanding why Internet interventions
produce change, and how they can be improved on this basis.

The initial development of Healthy Paths represents the first
step in acontinuing, iterative research program. Future projects
include alongitudinal qualitative study of primary care patients
experiencing distress using Healthy Paths over a4-week period.
Patientswill beinterviewed over this month regarding how they
areusing the Internet intervention and the suggested techniques.
After this there will be another round of optimization, in
preparation for large-scale primary care trials. If successful,
Healthy Paths may be suitable for the first step of stepped care
programs [65], and will also be openly disseminated free of
charge as an example of a massive open online intervention
(MOQI) [12]. With a primary focus on managing difficult
emotions, Healthy Paths may also be easily adapted for specific
stressful circumstances (for instance, managing illness-related
distress).

Limitations

Our work has some limitations. The sample used in the
qualitative work was predominately female. In future work we
will focus on sampling equal numbers of males. In addition, we
are likely to have recruited patients who are disposed to this
form of intervention and delivery. In the next phase of this
project we aim to develop recruitment materials such that we
reach beyond this group, in order to include a more diverse
range of perspectives. There were a smaler number of
participants who took part in think-aloud interviews, potentially
limiting the perspectives provided. As common factors models
operate at a meta-theoretical level they are necessarily broad,
increasing difficulty in application. This puts the onus on
researchersto provide and extrapol ate their therapeutic rationales
for others to evaluate and judge whether they are to be
considered “ coherent,” for instance.

Conclusion

Unguided Internet interventions have great potential for
improving mental health if they can be devel oped to be engaging
and effective. The devel opment of Healthy Paths representsthe
application of novel approaches, encouraging debate around
intervention development and mechanisms of effectiveness.
Ultimately, we hope our work will lead to new a wave of
effective unguided self-directed therapeutic resourcesfor highly
prevalent psychological distress.
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Abstract

Background: Digital game-based learning (DGBL) makes use of the entertaining power of digital games for educational
purposes. Effectiveness assessment of DGBL programs has been underexplored and no attempt has been made to simultaneously
model both important components of DGBL : |earning attainment (ie, educational purposes of DGBL) and engagement of users
(ie, entertaining power of DGBL) in evaluating program effectiveness.

Objective: This study aimed to describe and evaluate an Internet-based DGBL program, Professor Gooley and the Flame of
Mind, which promotes mental health to adolescents in a positive youth development approach. In particular, we investigated
whether user engagement in the DGBL program could enhance their attainment on each of the learning constructs per DGBL
module and subsequently enhance their mental health as measured by psychological well-being.

Methods: Users were assessed on their attainment on each learning construct, psychological well-being, and engagement in
each of the modules. One structural equation model was constructed for each DGBL module to model the effect of users
engagement and attainment on the learning construct on their psychological well-being.

Results: Of the 498 secondary school studentsthat registered and participated from the first module of the DGBL program, 192
completed al 8 modules of the program. Results from structural equation modeling suggested that a higher extent of engagement
in the program activities facilitated users' attainment on the learning constructs on most of the modules and in turn enhanced
their psychological well-being after controlling for users' initial psychological well-being andinitial attainment on the constructs.

Conclusions: This study provided evidence that Internet intervention for mental health, implemented with the technologies and
digital innovations of DGBL, could enhance youth mental health. Structural equation modeling is a promising approach in
evaluating the effectiveness of DGBL programs.

(JMIR Ment Health 2016;3(4):e46) doi:10.2196/mental.5656
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Introduction

Youth Mental Health

Problemswith mental health are common in adolescents. Review
studies have consistently shown that the prevalence of youth
mental illnesses has been increasing and the onset age of
developing mental illnesses has been decreasing [1]. For
instance, it has been found that the lifetime prevalence rate for
major depressive disorder in adolescents is between 15% and
20%[2]. Mental ilIness of young peopleis associated with poor
academic performance, social dysfunction, high-risk sexual
behavior, teen pregnancy, substance abuse, and self-mutilating
behavior [3-5]. While genetic and biological factors may
contribute to a person's experience of mental illness or mental
health, there are risk and protective factorsinvolved that people
can modify. Risk factors are factors that are present before the
onset of amental illness and that increase therisk of developing
a mental illness [6-8]. Protective factors decrease the risk of
developing a mental illness by moderating the effects of the
risk factors [7-8]. The field of mental health prevention and
promotion hasidentified many strategiesto maximize the mental
health and well-being of individuals by weakening the impact
of therisk factors and strengthening theimpact of the protective
factors[8-9]. According to the World Health Organi zation [10],
enhancing the knowledge of the mental health of adolescents
and helping them develop the coping skills and strategies that
enhance and promote positive mental health aretwo of the most
effective ways to combat youth mental health problems.

Psychological Intervention for Mental Health

Effective psychotherapies for treating mental illnesses exist
[11-12], with cognitive behavioral therapy (CBT) being the
most widely used [11,13]. CBT has its roots in the
biopsychosocia model of mental illness [14] and has been
repeatedly shown effective in treating both adolescents and
adults with mental illnesses such as depression, anxiety
disorders, schizophrenia, and eating disorders [15]. It
encompasses cognitive restructuring strategies (such as
identifying and challenging automatic negative thoughts) and
social problem-solving skills (such as perspective taking,
goal-setting, and decision making) [16]. Apart from clinical
settings, CBT programs were also implemented as educational
interventions in school settings[2,17-19].

Whereas CBT works toward risk prevention for mental health,
positive psychology takes a more positive development
orientation to mental health. Positive psychology isan approach
which encompasses psychological theories that focus on
individual traits or character strengths [20]. As pointed out by
Seligman [20], pathological issues had been emphasized in the
psychological field for the past 50 years. Human strengths for
well-being such as hope, happiness, and self-esteem are seldom
addressed. Therefore, Seligman and colleagues have begun
advocating for positive psychol ogy to complement deficit-based
and risk prevention approaches [21-22]. From this, CBT and
positive psychology have their unique roles as the theoretical
basisfor risk prevention and positive devel opment respectively,
and intervention programs in mental health could be designed
based on both.
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Intervention Programsfor Youth Mental Health

Over the past two decades, major advances have been madein
intervention programs designed to promote or enhance youth
mental health [23]. Traditional pathways of information
dissemination have been mostly limited to school settings
because of the easy accessihility to adolescents at school [13].
However, the number of beneficiaries of school-based
intervention programs is highly limited. The school-based
intervention program involves labor-intensive engagement;
additional human resources are needed to implement the
program to more users in more schools, and as a result, the
program itself cannot be sustained upon project compl etion and
funding withdrawal. Besides, a review study on school-based
interventions for preventing child and adolescent depression
showed that it might not be justified to widely disseminate
school-based intervention because there was limited evidence
for its efficacy and effectiveness[24]. The study also suggested
that if the intervention programs were relatively brief and
focused on enhancing individual skills without changing the
socia environment of the individuals, they were less likely to
produce long-lasting effects. Thefidelity and quality of program
delivery were also important when considering whether to
disseminate a school-based mental health program. Even if the
school principal is supportive to sustain an effective mental
health program in school and teachers arewilling to deliver the
program, the teachers must accept the program whol eheartedly,
have the self-efficacy to carry out such a program, and receive
adequate training and feedback or the program will have limited
effect [25]. Therefore, there are limitations to the
implementation and sustainability of a school-based mental
health program.

With the evolution and advancement of the Internet in the past
decade, intervention programs could be delivered through that
medium to more beneficiaries with nearly no marginal cost for
each additional participant [26]. The ease of adoption of the
Internet for adolescentsis dramatic; they can self-learn through
the Internet and the learning can take place anytime and
anywherewithout restriction to time and space. Thismay enable
Internet intervention programs to reach and benefit more
adolescents than traditional classroom settings. Moreover,
I nternet intervention programs can be sustained and maintained
at the server, meaning that the intervention program devel oped
for a project could be used continuously with minimal server
maintenance cost upon project completion.

Despite few studies on Internet interventions for mental health
being identified from recent reviews [23,26-27], there is
evidence to show that Internet-based prevention and treatment
programs for anxiety and depression can be as efficacious as
classroom-based programs, if not better. If an Internet
intervention program can be at least as effective as a
classroom-based intervention program in attai ning the program
outcomes, it would be worth developing because of its
multimedia capabilities, far-reaching ability, and timeless
accessibility. There are a few structured Internet intervention
programs focused on educating and enhancing adolescents on
mental health both locally and internationally; among those are
beyondblue [28], Ching Ching Sory [29], MoodGYM [30],
SPARX [31], WalkAlong [32], and MyHealth Interactive
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Magazine [33]. Most of the existing programs function like
educational websites containing informative contents on mental
health, although effort has been made to present the contents
in an interactive way with some multimedia elements. These
programs may not have been evaluated using rigorous research
methodology (ie, testing the intervention empirically to draw
conclusions about program outcomes), and the efficacy or
effectiveness of these programs is largely unknown. It is
important to evaluate whether undergoing I nternet interventions
can enhance the mental health of participants as intended.

In Hong Kong, some school-based mental health intervention
programs were developed and launched. The Little Prince is
Depressed [34-35] was a school-based project developed and
launched by our research team with an aim to reduce depressive
symptoms of students and enhance protective factors of
depression. Like many other mental health intervention
programs locally and internationally, this project took a risk
prevention approach, which hasits limitations in school-based
mental health promotions because a large number of students

Huen et d

being targeted, asin our The Little Princeis Depressed project,
had very low depressive symptoms to start with (ie, a floor
effect). Thus, mental health promotion could move from arisk
prevention orientation in reducing symptoms of mental illness
to a more positive development orientation in enhancing
psychological well-being. The challenges of the mental health
promotion being limited to risk prevention and the opportunities
that could be brought by incorporating positive youth
development have been discussed in our prior work [36].

Cairnset al [8] conducted asystematic review and meta-analysis
of 113 longitudina studies recently to identify risk and
protective factorsfor depression among youngsters. I ntervention
programs in youth mental health could focus on the major
predictors or protective factors for mental health which were
identified in this study, especially those factors which Cairns
et al concluded to be modifiable factors with a sound evidence
base (eg, substance use, dieting, coping strategies, weight),
when devel oping evidence-based intervention programs.

Figure 1. Basic digital game-based |earning effectiveness model testing three hypotheses (H1.3).

<>

H,

Engagement

Digital Game-Based L earning

Inthiseraof unprecedented innovation in technology, anumber
of multimediaand highly interactive elements can be embedded
in Internet-based programs to foster engagement, education,
and intervention of the adol escents. In particular, adding digital
game elementsto learning and instruction can appeal to today’s
adolescents and facilitate their engagement [37]. Digital
game-based learning (DGBL) isbecoming increasingly popular
in this direction. DGBL can be defined as making use of the
entertaining power of digital gamesfor the purpose of engaging
or motivating learners to attain certain educational outcomes
[38]. A number of game attributes have been identified in the
literature to constitute the entertaining power of digital games
[39-41]. These include setting the game in a fantasy
environment, designing scenariosthat induce curiosity, assigning
tasks which pose areasonable level of challenge for playersto
complete, and allowing players to control their actions, which
may potentially influence the game progress. Taken together,
Internet intervention programs may take the form of DGBL by
incorporating certain game attributes to appeal to youngsters
and motivate their learning.

Recent reviews conducted on the effectiveness studies of DGBL
found that many studies have reported the benefits and learning
effectiveness of DGBL, but they pointed out that some
evaluation studies under review were of low quality and
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therefore rigorous assessment was needed to evaluate the
effectiveness of DGBL properly in future studies[42-44]. Since
education and entertainment are the two important components
in DGBL, both learning and engagement/motivation of users
must be simultaneously modeled and evaluated in the
effectiveness assessment of aDGBL intervention program [45].
Structural equation modeling (SEM), a statistical modeling
technique commonly used in psychological research but not in
DGBL effectiveness assessment, can be used for rigorous
evaluation of DGBL program in this direction.

Putting a DGBL program for enhancing mental health into
context, a basic DGBL effectiveness model (Figure 1) can be
built and tested using SEM. Based on the rationale of DGBL
discussed earlier, the basic DGBL effectiveness model
hypothesizes that both user engagement and learning of the
educational contents in the program will impact the program
outcome (ie, enhancement of mental health). Basically, three
hypotheses were simultaneously tested in thismodel. First, the
extent of engagement and learning of usersin the program will
impact the program outcome, mental health (see H; & Hj in
Figure 1). Furthermore, the extent of engagement of users will
also facilitate their learning of the module contents in the
program (see H, in Figure 1). From these, the effect of user
engagement in the program on their subsequent mental health
can be examined as an indirect effect and direct effect. Indirect
effect refers the effect of user engagement on mental health
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through learning attainment on individual modules. The direct
effect of user engagement on mental health is evident if
engagement in the module activities alone had an impact on
mental health, regardless of thelearning attainment on individual
modules.

Our DGBL Program, Professor Gooley and the Flame
of Mind

In this study, we designed an Internet-based DGBL program,
Professor Gooley and the Flame of Mind, for enhancing youth
mental health. It is a 12-week Internet intervention program
(about 45 minutes per week) devel oped based on the theoretical
bases of CBT and positive psychology af orementioned to reduce
negative outcomes and enhance positive outcomes, respectively,
in mental health in an integrated framework. It consisted of 8
modules aimed at enhancing the mental health of adolescents
through DGBL. Textbox 1 shows the outline of content and
psychological constructs covered in each of the 8 DGBL
modules, which are to be completed sequentially. They are
learning constructs pertaining to positive psychology (such as
hope and gratitude), cognitive behavioral modification (such
as automatic thoughts and procrastination), and interpersonal
skill training (such as communication and problem-solving
skills).

We incorporated a role-playing game component to make the
educational content appealing and entertaining to the users.
Users played the role of spaceinternin afictional setting of the
prevalence of cognitive distortions on earth. Under the
instruction of Professor Gooley, they undertook a space journey
to 8 planets (modules 1 through 8, see Textbox 1 for details) to
search for the Flame of Mind to solve the world hedlth crisis.
During the space journey, the users undertook quests that
prompted them to learn the psychological constructs and apply
the knowledge and skillslearned in order to compl ete the quests
to obtain various components to activate the Flame of Mind.
Each DGBL module has a structured framework including an
adventure trailer, preassessment, learning goals and objectives,
logbook, minigame, homework, and postassessment (see
Multimedia Appendix 1-10). It should be noted that the medium
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of instruction of Professor Gooley and the Flame of Mind was
in Chinese because the program was first implemented in the
local community of the authors.

To assess the effectiveness of Professor Gooley and the Flame
of Mind, we adopted a rigorous outcome measurement
methodology to test the following research questions
simultaneously in a controlled DGBL effectiveness model,
which differsfrom the basic DGBL effectiveness model (Figure
1) inthat the controlled DGBL effectivenessmodel hasincluded
controlled variables in its SEM. In this study, users initial
psychological well-being and initial attainment on the
psychological constructs at the preassessment could be
controlled or accounted for their effect on subsequent
psychological well-being and attainment on the psychological
constructs at the postassessment. Taken together, we examined
in each of the DGBL modules, controlling for users initial
psychological well-being and initial attainment on the
psychological construct:

Does users extent of engagement in the DGBL module
positively predict their psychological well-being?

Does users extent of engagement in the DGBL module
positively predict attainment on the psychological construct?
(Note: an opposite direction is expected for modules using
negative constructs as measures.)

Doesusers’ attainment on the psychological construct positively
predict their psychological well-being? (Note: an opposite
direction is expected for modules using negative constructs as
measures.)

It should be noted that “learning” in our DGBL effectiveness
model refers to participants' learning attainment on the
psychological construct of each DGBL module—automatic
thoughts (Module 1), self-esteem (Module 2), goal setting and
attainment (Module 3), hope (M odule 4), communication skills
(Module 5), gratitude (Module 6), and problem-solving skills
(Module 7)—in our program. There is no new construct in
Module 8.
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Textbox 1. Outline of content and psychological constructs covered in each digital game-based learning module of Professor Gooley and the Flame of
Mind.

Module 1—Planet of perception: automatic thoughts
«  Knowledge: Learn the relationship between activating event, belief, and consequences (ABC model)
«  Skills: Identify one's thoughts about a situation and to refute thinking errors (if any)

« Attitude: Realize the importance of realistic thinking

Module 2—Planet of awareness: self-esteem
«  Knowledge: Learn about the basis of self-esteem and the association between self-esteem and a number of psychosocial variables
«  Skills: Make use of effective ways to improve one's self-esteem

« Attitude: Have a positive attitude and appreciation of oneself

Module 3—Planet of wanderers: procrastination

«  Knowledge: Understand goal-setting and procrastination on goa attainment

o  Skills: Set practical, redlistic, and measurable goals according to the 6-step model for goal attainment
« Attitude: Have a healthy lifestyle through setting and achieving goals

Module 4—Planet of positivism: hope

«  Knowledge: Learn the hope theory (consisting of goal, pathways thinking, and agency thinking)
«  Skills: Set goals, develop pathways thinking, and enhance agency thinking

« Attitude: Be hopeful toward life

Module 5—Planet of solitude: communication skills

«  Knowledge: Understand the basis of interpersonal communication, common communication barriers, empathy, and effective communication
skills

«  Skills: Apply effective communication skills to communicate with different people in different situations

. Attitude: Be respectful, patient, and empathetic when communicating with others

Module 6—Planet of thankfulness: gratitude
«  Knowledge: Understand what gratitudeis
«  Skills: Learn the skills and components that cultivate gratitude

. Attitude: Be grateful regardless of on€e's life circumstances

Module 7—Planet of uncertainty: problem-solving skills
. Knowledge: Learn the 6-step problem-solving model
«  Skills: Identify effective and adaptive sol utions for specific problems encountered in everyday life according to the 6-step problem-solving model

« Attitude: Build up a positive and optimistic attitude toward problems

Module 8—Home planet Earth: review of the past 7 modules (note: no new psychological construct in this module)
«  Knowledge: Recap key concepts of mental health and common mental health problems in adol escents

o  Skills: Apply the skillslearned in different life situations to enhance one's mental health

. Attitude: Hold a positive attitude toward mental health and people with mental health problems

codes was delivered to the school. A school talk about mental
health with ademonstration of the program was provided to the
school upon request. Students of Secondary One, Secondary
Two, or both (depending on the enrollment details of their

Methods

Recruitment

Invitation letters for the purpose of recruiting schools to
participate in the project were sent to all secondary schoolsin
Hong Kong in June and December 2012. Each of theinterested
schools completed an enrollment form, and a list of activation
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their user accounts on the program website [46]. After the
account activation and registration of a valid email address,
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userscouldloginto the program at any time from any computer
connected to the Internet.

All userswere guided step-by-step through the DGBL program
Professor Gooley and the Flame of Mind. They were required
to fill in a questionnaire measuring their attainment on the
psychological construct and psychological well-being before
and after each DGBL module. In other words, measurements
were taken prior to and after undergoing each DGBL module
(pre- and postassessment). The system prompted the users to
compl ete the preassessment before starting anew DGBL module
and the postassessment immediately after finishing that specific
module. The time elapsed between the preassessment and
postassessment is the average time taken by users to complete
each of the modules, about one week's time. In addition, they
were asked to self-report their extent of engagement in the
module activities at the end of each completed module. The
system would prompt respondents who missed certain itemsto
answer all questionnaire items before submission.

In order to encourage participation, users who completed the
whole DGBL program (ie, all 8 DGBL modules) would be
eligible to enter alucky draw.

Technology

Professor Gooley and the Flame of Mind was hosted on a
computer server on the network of the home ingtitution of the
authors and was accessible by participants who activated their
user accounts and logged into their accountsviathe log-in page
[46]. Thisonlineinteractive game was produced in Adobe Flash.
Adobe Systems Incorporated and composed of digital elements
including animations, graphics, and background music. The
logical flow of thisrole-playing game was controlled by Adobe
ActionScript version 3.0. Questionnaire dataand user responses
were stored in aMySQL (Oracle Corporation) database.

M easures

Mental Health (All Modules)

Mental health was measured by the Scales of Psychological
Well-being developed by Ryff and Keyes [47] measuring 6
facets of wellness of an individual: purpose in life, persona
growth, positive relations with others, self-acceptance,
environmental mastery, and autonomy. A Chinese version of
the scale was used in this study [48]. It consists of 24 itemsin
total, and each facet is measured by 4 items. Respondents are
asked to rate on a6-point Likert scale their extent of agreement
to each item (from 1 = strongly disagree to 6 = strongly agree).
A higher score meansahigher level of psychological well-being
in each facet. Theinternal consistency alphas of the 6 facetsin
this Chinese version of the scale ranged from .52 to .68.

Automatic Thoughts (Module 1—Planet of Perception)

Automatic thoughtswere measured by the Children’s Automatic
Thought Scale developed by Schniering and Rapee [49]
assessing a range of negative self-statements of children and
adolescents. The original scale consists of 4 subscales, and each
subscale has 10 items. Our study adopted 2 subscales (social
threat and persona failure) to make a 20-item scae.
Respondents are asked to rate the frequency of having those
negative self-statements in the last week on a 5-point Likert
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scale (from 1=not at all to 4 = al the time). A higher score
indicates higher frequency of having negative thoughts. The
internal consistency for both subscaleswas .92 and the test-retest
reliability was acceptable at 1 month (alpha=.78 for social threat
and .80 for personal failure) and 3 months (alpha of .73 for
socia threat and .74 for personal failure) measurement. A
Chinese version of the scale was used in this study.

Sdlf-Esteem (Module 2—Planet of Awareness)

Self-esteem was measured by the Rosenberg Self-Esteem Scale,
a10-item scale [50]. Respondents are asked to rate their extent
of agreement to each of the statements on a4-point Likert scale
(from 1 = strongly disagree to 4 = strongly agree). A higher
scoreindicatesahigher level of self-esteem. Thisscale hasgood
reliability and validity. For instance, previous studies showed
that the 2-week test-retest reliability was high (rs>.80) and the
scale correlated significantly with other measures of self-esteem
and depression and anxiety in predicted directions [51]. A
Chinese version of the scale was used.

Procrastination (Module 3—Planet of Wanderers)

Procrastination was measured by the Procrastination Scale
developed by Tuckman [52]. Our study adopted the 16-item
short form to measure the tendency of procrastination of
respondents. They were asked to indicate how well the
description of each statement match them on a 4-point scale
(eg, from 1 = “That's not me for sure” to 4 = “That's me for
sure’). A higher score shows a greater tendency of
procrastination. This scale had good internal consistency (alpha
of .86) and good concurrent validity which it negatively
correlated with ascale for self-efficacy and abehavioral measure
of self-regulated performance [51]. A Chinese version of the
scale was used.

Hope (Module 4—Planet of Positivism)

Hope was measured by the Children’s Hope Scale, a 6-item
scale measuring the goal-directed thinking of children, namely,
agency thinking and pathway thinking, which are the two
components in the hope theory [53]. Respondents are asked to
rate on a 6-point Likert scale on how well each statement
described how they are in most situations (from 1 = “None of
thetime” to 6 = “All of the time”). A higher score indicates a
higher level of hope. The internal consistency alphas ranged
from .72 to .86 in 6 samples and the scale had good test-retest
reliability for 1-week and 1-month intervalsin astudy conducted
by Snyder et a [53]. The study also showed good convergent
validity, that the Children’s Hope Scale predicted that children’s
hope level was positively correlated with their self-perceived
competence, control, and self-esteem and negatively correlated
with depression. A Chinese version of the scale was used.

Communication Skills (Module 5—Planet of Salitude)

Communication skills were measured by the Interpersonal
Communication Competence Scale, a 10-item scale measuring
10 dimensions of interpersonal communication skills such as
self-disclosure, empathy, and assertiveness [54]. Respondents
are asked to rate how each statement reflects their
communication with otherson a5-point Likert scale (from 1 =
“Almost never behave in this way” to 5 = “Almost aways
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interact in this way”). A higher score shows a higher level of
competence. This scale was reliable (alpha of .63) with good
concurrent validity because it significantly correlated with
cognitive and communication flexibility in interpersonal
interactions [54]. Also, it correlated significantly with
communication satisfaction, pleasure, affection, and relaxation,
which were the motives for initiating conversation [54]. A
Chinese version of the scale was used.

Gratitude (Module 6—Planet of Thankfulness)

Gratitude was measured by the Gratitude Questionnaire-6, a
6-item scal e measuring the gratitude disposition of anindividual.
Respondents are asked to rate on a 7-point Likert scale to
indicate their extent of agreement with each statement (from 1
= strongly disagree to 7 = strongly agree). A higher score
indicates a higher disposition of gratitude. The scale had high
internal consistency (alpha of .82) and good discriminant
validity; for instance, grateful disposition wasdistinct fromlife
satisfaction, happiness, optimism, and hope [55]. A Chinese
version of the scale was used.

Problem-Solving Skills (Module 7—Planet of
Uncertainty)

The Chinese version of the Social Problem-Solving Inventory
[56] was used to measure the problem-solving ability of the
respondents. It is a 25-item scale with 5 subscales: negative
problem orientation, rational problem solving, positive problem
orientation, avoidance, and impulsiveness/carelessness.
Respondents are asked to indicate how well the statements
describetheir reaction to everyday problems on a5-point Likert
scale (from O = “Not at all true of me” to 4 = “Extremely true
of me’). A higher score indicates a higher level of
problem-solving ability. This scale had good internal consistency
(alphas of .65 to .88) and showed good temporal stability over
a2-week interval [56].

Engagement (All Modules)

The engagement of the users in the DGBL program was
measured by self-constructed items on the extent to which one
was committed to (1) devote full effort, (2) read thoroughly,
(3) act serioudly, (4) learn fruitfully, and (5) enjoy learning in
each of the DGBL modules. A higher score indicates a higher
extent of engagement in the module activities. The scale had
high internal consistency (alphas of .96 to .98 across modules).
The item-total correlations were aso strong (al r>.88).
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Statistical Analysis

The statistical analysiswas conducted using IBM SPSSversion
20 (IBM Corp) and LISREL 8 (Scientific Software International
Inc). Confirmatory factor analysis (CFA) was used to test the
unidimensionality of psychological well-being, whether its 6
underlying facets (purpose in life, personal growth, positive
relations with others, self-acceptance, environmental mastery,
and autonomy) areloading highly on onefactor. Similarly, CFA
was used to examine the underlying factor structure of theitems
designed to measure each of the modul e constructs (ie, automatic
thoughts, self-esteem, procrastination, hope, communication
skills, gratitude, and problem-solving skills) and user
engagement. A 1-factor CFA model was specified for each of
the above constructs to determine whether the specified model
could beidentified. Categorical CFA was applied given that all
the above variables were measured in Likert scale.

The research questions were tested using SEM, a statistical
modeling technique that enables researchers to model and test
the structural relationships of multiple independent and
dependent variables ssimultaneously in asingle analysis[57]. It
is particularly useful when the study variables involve latent
constructs that cannot be directly measured and thus are
approximated through measurement items. Moreover, it can
estimate the measurement errors (ie, inaccuracies in users
responses and their measurement) as well asthe strength of the
measurement items in loading on their posited latent construct
or variable.

One SEM was constructed for each of the DGBL modules to
test the direct effect of engagement in the module activities on
psychological well-being and the indirect effect through
attainment on the psychological constructs covered in the
modules. Users' initial psychological well-being and initial
attainment on the construct (ie, preassessment) were also
included in the model to study the above effects on the
postassessment after accounting for users’ initial performance
before the DGBL took place. Figure 2 shows the path diagram
of the DGBL effectiveness model used in the study. The fit of
the each model was eval uated on the basis of two goodness-of -fit
indices: comparativefit index (CFl) and root mean square error
of approximation (RMSEA). According to theliterature[58-60],
agood fitisgeneraly indicated by CFl above .90 and RM SEA
below .08.
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Figure 2. Path diagram of the DGBL effectiveness model used in this study.
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Results

User Statistics

A tota of 33 local secondary schools enrolled in our DGBL
program involving 1605 Secondary One and Secondary Two
students. A total of 498 students (246 males) from 31 schools
activated their user accounts and completed the first modul e of
the program. Hence, the response rates are 31% for individual
students and 93% for individual schools. The mean age of these
students was 12.6 (standard deviation [SD] 1.2) years. There
were éttritions after thefirst module at acumulative rate of 37%
(Module 2), 47% (Module 3), 50% (Module 4), 53% (Module
5), 56% (Module 6), 59% (Module 7), and 61% (Module 8).
Specifically, the number of completers across modules is 498
(Module 1), 312 (Module 2), 265 (Module 3), 249 (Module 4),
235 (Module 5), 221 (Module 6), 202 (Module 7), and 192
(Module 8). The user data of completers was included in the
statistical analysis on evaluation outcomes.

Evaluation Outcomes

Confirmatory factor analyses suggested that the outcome
variable (ie, psychological well-being), module constructs (ie,
automatic thoughts, self-esteem, goal-setting and goal
attainment, hope, communication skills, gratitude, and
problem-solving skills), and predictor variable (ie, engagement)
followed the 1-factor model with good fit: all CFls above .90
and RMSEASs below .08. Thus, the 1-factor model could be
identified for each of the constructs of interest and this also
supported the reliability of all the scales adapted in the study.

One SEM was used for each modul e to test the extent to which
users psychological well-being could be predicted by their
engagement and whether this rel ationship was mediated by their
learning on the modul e construct. Based on the criteria of good
fit previously mentioned, the model fit was regarded as good
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(Module 1: CFl = .98, RMSEA = .05; Module 2: CFI = .98,
RMSEA = .06; Module 3: CFl = .98, RMSEA = .06; Module
4: CFl = .99, RMSEA = .06; Module 5: CFl = .98, RMSEA =
.07; Module 6: CFl = .98, RMSEA =.08; Module 7: CFl =.98,
RMSEA = .07). Table 1 shows the path coefficients estimated
by SEM, and Figure 2 presents graphically each of the pathsin
the DGBL effectiveness model. Though there was variation in
strength of each of the paths across modules, most of the path
coefficients were statistically significant (P<.05).

The overall pattern of results showed that the extent of
engagement in the module activities positively predicted user
attainment on the psychological constructs and that higher
attainment on the psychological constructswould predict higher
psychological well-being after controlling for users initia
psychological well-being and initial attainment on the
psychological constructs. As expected, an opposite direction
was found in modules using negative constructs as measures.
In other words, there is an indirect effect of user engagement
on psychological well-being through learning on the
psychological constructs. Apart from the indirect effect, the
direct effect of user engagement on psychological well-being
was aso present in some of the modules, meaning that
engagement in the module activities alone had an impact on
psychological well-being regardless of the learning attainment
on psychological constructs.

Specificaly, a significant indirect effect was found in five
modules (2, 3, 4, 5, and 7) and a significant direct effect was
found in three modules (2, 4, and 6). For modules not having a
significant indirect effect (ie, modules 1 and 6), thereis aneed
to review therole of the corresponding psychological constructs
in enhancing psychological well-being and/or review the design
of the module activities in facilitating attainment on the
psychological constructs.
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Table 1. Path coefficients estimated by SEM for the DGBL effectiveness model.

Module construct Path coefficients

Paha® Pvaue Pathb® Pvdue Pahc® Pvaue Pahd® Pvaue Pathe® Pvdue Pahf  Pvaue
Automatic .09 17 -02 73 -03 61 23 002  -40 <001 .67 <.001
thoughts?
Self-esteem A5 .04 .56 <.001 15 .03 A5 .03 .79 <.001 .28 <.001
Procragtinationd  -10 12 -30 <001 -29 <001 .17 .01 -61 <001 .28 <.001
Hope 15 .01 22 <.001 a7 .01 42 <.001 .57 <.001 .54 <.001
Communication .01 .09 44 <.001 .23 .001 43 <.001 .50 <.001 41 <.001
skills
Gratitude .16 .03 .55 <.001 .05 54 45 <.001 48 <.001 31 <.001
Problem-solving ~ -.01 .87 48 <.001 41 <.001 .36 <.001 .56 <.001 .32 <.001

skills

3path from module engagement to psychological well-being (postassessment).

bpath from module engagement to module learning (postassessment).

CPath from module learning (postassessment) to psychological well-being (postassessment).

dpath from psychological well-being (preassessment) to psychological well-being (postassessment).
€Path from psychological well-being (preassessment) to module learning (preassessment).

fPath from module learni ng (preassessment) to module learning (postassessment).

9INegative construct in which an opposite direction of relationship is expected.

Discussion

Principal Findings

The Internet-based DGBL program, Professor Gooley and the
Flame of Mind, was effective in enhancing the mental health
of adolescents. The program was evaluated using SEM based
on a DGBL effectiveness model. Specifically, the structural
relationship between engagement in the program activities and
psychological well-being was examined aswell asthe potential
mediating effect of the attainment on each of the psychological
constructsin each of the DGBL modules, controlling for users
initial psychological well-being and initial attainment on the
psychological constructs. The results generally supported the
program effectiveness by demonstrating that users’ extent of
engagement in the module activities positively predicted their
psychological well-being, users extent of engagement in the
module activities positively predicted their attainment on the
psychological constructs, and users attainment on the
psychological constructs positively predicted their psychol ogical
well-being.

Thefindings of this study added support to findingsin previous
research and theory. The learning constructs underlying the
DGBL modulesin this program pertain to positive psychology
(self-esteem, hope, and gratitude), cognitive behavioral
modification (automatic thoughts and procrastination), and
interpersona skill training (communication and problem-solving
skills). Since no substantial difference was observed in the
learning of these constructs and its effect on the program
outcome on psychological well-being, this study provides
theoretical support to the use of positive psychology,
cognitive-behavioral modification, and interpersona skill
training for mental health promotion. Specifically, our findings
advocated acting on human strengths (such as self-esteem, hope,
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and gratitude) for enhancement of well-being, which isin line
with the movement for positive psychology called upon by
Seligman and colleagues to complement the risk prevention
approaches in mental health programs [21-22]. Second, our
findings suggested that cognitive behavioral modification or
CBT could be broadly used for mental health promotion to the
general population. Indeed, in a systematic review of 42
school-based mental health intervention programs [13], CBT
was found to form the basis of the majority of these programs
and 55% of these programsincluded all students and promoted
mental health to all regardiess of symptom level (known as
universal trials). Third, our findings showed that educating
adol escents about skillsto solve problems and effectively engage
in interpersonal communication contribute to psychological
well-being. This is consistent with the results of a recent
meta-analysis of protective and risk factors for mental illness
[8] in which coping strategies were identified to be factors to
work on for mental health intervention.

Furthermore, the results of this study have been impressive
when it is considered that all the users are undergoing
self-learning on Internet-based | earning modules. Evidence was
observed from our study on the feasibility and effectiveness of
Internet-based intervention programs as an alternative approach
to traditional classroom-based intervention sessions. Taken
together with the review findings of other studies concerning
the potential feasibility and effectiveness of the Internet-based
intervention [23,26], it is plausible that Internet interventions
for mental health could be made widely available and more
common in the future. The principle of choice between
classroom-based and Internet-based programsisthat if the latter
is at least as effective as the former in attaining the program
outcomes, it would be worth developing the latter because of
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its multimedia capabilities, far-reaching ability, and timeless
accessibility.

Comparison With Prior Work

Professor Gooley and the Flame of Mind is a bridge between
our prior work on The Little Prince is Depressed, a
classroom-based program enhanced with audio-visual materials
(eg, animations, short videos)[34,35]. DGBL in Professor
Gooley and the Flame of Mind is an evolution of the delivery
mode of our project along with the shift of focus from the risk
prevention approach in The Little Prince is Depressed to the
positive development approach in Professor Gooley and the
Flame of Mind. A typical example is that while the former
focused on reducing depressive symptoms, the latter focused
on enhancing psychological well-being. From the evaluation
outcomes, Professor Gooley and the Flame of Mind asa DGBL
program has the potential to facilitate learning and
engagement/motivation of adolescentsin the program whichin
turn enhancing their psychological well-being as expected.

Most of the existing Internet interventions for mental health
(eg, beyondblue [28], MoodGYM [30], SPARX [31]) were used
for treatment support and thus were not intended to promote
youth mental health in a general population. A few existing
I nternet-based programs such as WalkAlong [32] and MyHealth
Interactive Magazine [33] were used for mental heath
promotion to the general population, but they were designed
more for an information platform with little consideration to
the pedagogy for educating users. Compared to the existing
programs, Professor Gooley and the Flame of Mind was
designed for enhancing the mental health of the youngstersin
the general population with a more structured program in a
series of learning modules tied with storyline and DGBL
pedagogy. Furthermore, the use of SEM and the DGBL
effectiveness model for understanding DGBL and evaluating
DGBL program outcomesis anovel approach which can make
asignificant contribution to the field of Internet interventions.
Limitation

The present study hasamajor limitation of the attrition of users
across modules. In particular, out of the 498 completers of
Module 1, the cumulative numbers of attrition (cumulative
attrition rate) from Module 2 to 8 were 186 (37%), 233 (47%),
249 (50%), 263 (53%), 277 (56%), 296 (59%), and 306 (61%),
respectively. Despite the innovative design, interesting story,
and incentive that had been introduced to motivate the students
to compl ete the whole program, Professor Gooley and the Flame
of Mind encountered about the same attrition rate as other
Internet-based educational programs or Internet-based
intervention programs (also known as eTherapy programs). In
asystematic review and meta-analysis of 40 eTherapy programs
[61], the overall attrition rate was 57%, although there were
strong supports for the programs to be efficacious or effective.
Among them, it was observed that some programs had
experienced below average attrition rates, and they managed to
achievethislower end of attrition through providing therapist’s
support (28% attrition rate) and additional administrative support
(38% attrition rate) [61]. From this, attrition rates may be
reduced by incorporating human support to Internet-based
programs.
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One speculated reason for the high attrition rate in our program
was that users could only proceed to the next module after they
had completed all the module activities in the active module.
If they were stuck at the certain point of amodule activity or if
the play time expired, respondents could not proceed further in
the DGBL. Further, students could only complete one module
every 7 days; therefore, they might need to wait for afew days
in order to start the next module. The time lag or waiting time
may haveresulted inthelow completion rate or, in other words,
the high attrition rate. Asimprovement measures to manage or
reduce the attrition rate, email reminders to attempt the next
modul e were sent to userswho completed the previous module.
Also, userswhose play time had expired were allowed to restart
the program from the last checkpoint after the expiration date.
The system also made changes to shorten the waiting time so
that users who have completed all the module activitiesin an
active module were allowed to go to the next modulein 1 day.
However, these improvement measures can only apply to new
users, and therefore the impact can only be observed and studied
in future implementation.

Learning from the experience of other Internet-based programs
with below average attrition rates [61], a blended mode of
program delivery may be considered for incorporating
school-based support to students on top of the Internet-based
program. For example, schools may be asked to allocate a
45-minute class period per week (for about 12 weeks) for
studentsto engagein thisDGBL program through the computer
facilities in the school. Support could also be provided by
schools to encourage and remind students to complete the
program modules and offer assistance if they encounter any
problems during the program.

Future Direction

Future research may address other psychological constructsnot
covered in this program that contribute to the enhancement of
psychological well-being or mental health. Also, futureresearch
may study the generalizability of program outcomesto users of
other age groups or sociodemographic groups. Although the
educational content and learning platform developed in this
DGBL program was tailor-made for adolescents, it may be
adapted to promote the psychological well-being of various age
groups (eg, children, adults) and sociodemographic groups (eg,
socioeconomic status, family status) in the community. The
DGBL effectiveness model developed in this study may guide
similar evaluation studies of the DGBL in other contexts. Also,
a blended approach of program delivery could be explored to
reduce the attrition rate.

Conclusion

This study describes an Internet-based program, Professor
Gooley and the Flame of Mind, which intervened on arange of
key psychological constructs of mental health under a positive
development approach, adopted a well-structured DGBL
pedagogy, and eval uated the eff ectiveness of the program based
on rigorous outcome measurement methodol ogy. The findings
of the study support the effectiveness of promoting youth mental
health through DGBL which combines education and
entertainment to equip youngsterswith the knowledge and skills
of the psychological constructs. The SEM approach and the
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DGBL effectiveness model used in this evaluation study could  programs.
be applied to evaluate the effectiveness of other DGBL
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Screenshot of Professor Gooley and the Flame of Mind: sample quest.
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